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ENCYCLOPEDIA BRITANNICA. 


LOO. 


ee (formerly called LANTERLOO), a round game of 
cards. Loo may be played by any number of per- 
sons ; from five to seven makes the best game. ‘ Three- 
card loo’’ is the game usually played. A pack of 
fifty-two cards is required. The players being seated, 
the pack is shuftled and a card dealt face upwards to 
each. The player to whom a knave falls has the first 
deal, the player to his left deals next, and so on in rota- 
tion. player is entitled to a deal, ie., the game 
should not be abandoned till it returns to the orginal 
dealer ; but, if there isa loo in the last deal ofa round, 
the game continues till there is a hand without a loo. 
pack is cut to the dealer, who deals three cards to 
each player and an extra hand called miss. -The dealer 
turns up the top of the undealt cards for trumps. The 
dealer is sometimes permitted to deal the cards in any 
order he pleases; but the best rule is to require that 
the cards be dealt one at a time in rotation, as at whist. 
During the deal each player contributes to the pool a 
a gal led agreed upon, the dealer contributing 
dow The unit for a single stake should be divisi- 


ble by three without a remainder, e.g., three counters | 


or three pence. The players are bound to put in the 


stake before the deal is completed ; sometimes a penalty | 


is enforced for neglect. The deal being completed and 
the pool formed, each player in rotation, beginning 
from the dealer's left, looks at his cards, and declares 
whether he will play, resign, or take miss. If the 
former, he says “‘I play.’’ If he takes miss he places 
his cards face downwards in the middle of the table, 
and takes up the extra hand. If he resigns, he simi- 
= ae Vis cards face downwards in the middle of 

e table. If miss is taken, the subsequent players 
only have the option of playing or resigning. A player 
who takes miss must play. Those who have declared 
0 play, and the one—if there is one—who has taken 


Ey : tak 
miss, then play one card each in rotation, beginning 


the dealer's left, the cards thus played constitut- 
ing a trick, The trick is won by the highest card of the 
suit led, or, if trumped, by the highest trump, the 
cards ranking as at whist. The winner of the trick 
leads to the next, and so on, until the hand is played 
out. The cards remain face upwards in front of the 
persons playing them. 

Rules of Play—If the leader holdsace of trumps he must 
lead it a king, iface is turned up). If the leader has two 
trumps he must lead one of them, and if one is ace (or king, 
ace being turned up) he must lead it. With this exception 


the leader is not bound to lead his highest trump if more 


than two declare to play ; but if there are only two declared 
players the leader with more than one trump must lead the 


| highest. Except with trumps as above stated he may lead 
any card he chooses. The subsequent players must head 
the trick if able,and must follow suit if able. Holding 
none of the suit led, they must head the trick with a 
trump, if able. Otherwise they may play any card they 
| please. The winner ofthe first trick is subject to the rules 
already stated respecting the lead, and in addition he must 
lead a trump if able (called trump after trick). 

When the hand has been played out, the winners of the 
tricks divide the pool, each receiving one-third of the 
| amount for each trick. If only one declared to play, the 
dealer plays miss either for himself or for the pool, If he 
plays for the pool he must declare before seeing miss that 
he does not play for himself. Any tricks he may win, when 
playing for the pool, remain there as an addition to the 
next pool. 

If each declared player wins at least one trick it isa 
single, i. e., a fresh pool is made as already described; but 
if one of the declared players fails to make a trick he is 
looed. Then, only the player who is looed contributes to 
| the next pool, together with the dealer, who puts in a sin- 
| gle stake. If more than one player is looed, each has to 
| contribute. At wulimited loo each player looed has to put in 
| the amount there was in the pool. But it is generally 
agreed to limit the loo, so that it shall not exceed a certain 
| fixed sum. Thus, at eighteen-penny loo, the loo is gener- 
ally limited to halfa guinea. If there is less than the limit 
in the pool the payment is regulated as before; but if there 
is more than the limit, the loo is the fixed sum agreed on. 

The game is sometimes varied by forces, ¢. e., by compel- 
ling every one to play, either whenever there is no loo the 
previous deal (@ single), or whenever clubs are trumps (clud 
law). When there is a force no miss is dealt. Irish loo is 
played by allowing declared players to exchange some or 
all of their cards for cards dealt from the top of the pack. 
There is no miss, and it is not compulsory to lead a tramp 
with two trumps, unless there are only two declared play- 
ers. At five-card loo each player has five cards instead of 
three and a single stake should be divisible by five. Pam 
(knave of clubs) ranks as the highest trump, whatever suit 
is turned up. There is no miss, and cards may be ex- 
| changed as at Irish loo. If ace of trumps is led, the leader 
says “Pam be civil,” when the holder of that card must 
pass the trick if he can do so without revoking. A flush 
(five cards of the same suit, or four with Pam) loos the board, 
| ae. the holder receives the amount of aloo from every 
one, and the hand is not played. A trump flush takes pre- 
cedence of flushes in other suits. If more than one flush 
is held, or if Pam is held, the holder is exempted from pay- 
ment. As between two flushes which do not take prece- 
dence, the elder hand wins. 

Declaring to Play, and Playing (three-card loo).—Play on 
two trumps. The first to declare should play on an honor 
in trumps and an ace in plain suits. Play also on king of 
| trumps; but some players throw up king of trumps single 
unless with it another king or a guarded queen is held. 
Also play on one trump with two other cards as high as 
| queens; some players throw up this hand. Holding a 
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trump and two aces, lead the trump if three others declare 
to play ; but otherwise lead an ace. Do not play ona hand 
without a trump; except, play on any cards that give a 
reasonable chance of a trick, or take miss, if the amount 
in the pool is considerable, and the loo is limited. If the 
number of players is less than five, or if several throw up, 
weaker hands may be played ; on the other side, if several 
have declared to play, only a very strong hand should be 
risked. If there are only three left in, all others having 
thrown up, miss should be taken, but not when there are 
more than two to follow the player whose turn it is to de- 
clare. 

Laws of Loo.—These vary greatly, and should be agreed 
on before commencing to play. The ordinary rules, which 
loo the player for nearly every error, are yery bad. The 
following are based on the laws of the late Blenheim Club. 
1. First knave deals. 2. Each player has a right to shuffle, 
3. The player to the dealer’s right cuts the pack. 4. The 
dealer must deliver the cards, one by one, in rotation, as at 
whist, and must deal one card for miss at the end of each 
round; he must turn up the top card of the undealt cards 
for trumps. 5. If the dealer deals without having the 
pack cut, or shuffles after it is cut, or deals except as pro- 
vided in law 4, or deals two cards together and then deals 
a third without rectifying the error, or exposes a card, or 
deals too many cards, he forfeits a single to the pool, and 
deals again.! 6. The player to the left of the dealer deals 
next. Ifa player deals out of turn, he may be stopped 
before the trump card is turned, otherwise the deal stands 
good, and the,player to his left deals next. 7. Players 
must declare to play in rotation, beginning to the dealer’s 
left. A player looking at his cards before his turn forfeits 
a single to the pool. 8. A player who declares before his 
turn, or who exposes a card, forfeits a single to the pool, 
and must throw up his hand.? 9. If a declared player ex- 
poses a card before his turn to play, or plays out of turn, 
or before all have declared, or detaches a card so that it 
can be named by any other declared player, or revokes, he 
must leave in the pool any tricks he may make, and for- 
feit four times the amount of a single. If he makes no 
trick he is looed, and there is no further penalty. 10. If 
the leader holds ace of trumps and does not lead it (or king, 
ace being turned up), or if he holds two trumps and does 
not lead one, or the highest of two or more trumps when 
there are only two declared players (unless his cards are 
sequence cards or cards of equal value), or if a player does 
not head the trick when able, or if he does not lead trump 
after trick (if he holds a trump), heis liable to the same 
penalty as in law 9.3 11. In case of revokes or errors in 
play the hand must be replayed if so desired by any one 
except the offender. 12. The place of an aftercomer is 
decided by dealing a card between every two of the play- 
ers. The aftercomer sits where the first knave falls. 

H. J. 


LOOCHOO. See Lew-cunw Isuanps. 

LOOM. See Wravinea. 

LOOM, or Loon (Icelandic Zdémr), a name applied 
to water-birds of three distinct Families, all remark- 
able for their clumsy gait on land.* The first of them 
is the Colymbide, to which the term DrvmEr (q.v.) is 
nowadays usually restricted in books; the second the 
Podicipedidee, or GREBES (see vol. xi. p. 72); and 
the third the Alcide, The form Loon is most com- 
monly used both in the British Islands and in North 
America for all the species of the genus Colymbus, or 
Hudytes according to some ornithologists, frequently 
with the prefix Sprat, indicating the kind of fish on 
which they are supposed to prey; though it is the 
local name of the Great Crested Grebe (Podiceps cris- 
tatus) wherever that bird is sufficiently well known to 
have one; and, as appears from Grew (Mus. Reg. 
Soc., p. 69), it was formerly given to the Little 
Grebe or Dabchick (P. fluviatilis or minor) as well. 
The other form Loom seems more confined in its 


1 The law which loos a player for misdealing is atrocious, and 
should always be opposed. 

2 Porfeits of a single go to increase the pool already formed, 
and see note to Jaw 5. 

8 Tricks left in the pool and fines under laws 9 and 10 go to the 
next pool and not to the pool already formed. Many players in- 
flict the penalty of a loo for the offences named in laws 9 and 10; 
but the rule above, as played at the Blenheim, is the best. 

‘ The word also takes the form ‘ Lumme” (fide Montagu), and, 
as Professor Skeat observes, is probably connected with lame. 
The signification of loon, a clumsy fellow, and metaphorically a 
simpleton, is obvious to any one who has seen the attempt of the 
birds to which the name is given to walk. 


application to the north, and is said by Mr. T. Ed- 
monston (tym. Gloss. Shetl. and Orkn. Dialect, p. 
67) to be the proper name in Shetland of Co- 
lymbus septentrionalis ;° but it has come into common 
use among Arctic seamen as the name of the spe- 
cies of Guillemot (Alea arra or bruennichi) which 
in thousands throng the cliffs of far northern Jands, 
from whose (hence called) ‘‘loomeries’’ they obtain a 
considerable stock of wholesome food, while the writer 
believes he has heard the word locally applied to the 
RAZORBILL (9.0. ). ~ (A. N,) 

LOPE DE VEGA. See Vuaa Carpro. 

LOPEZ, Cartos Antonio (1790-1862), a Para- 
guayan ruler of great ability, born at Asuncion, No- 
vember 4, 1790, was educated in the ecclesiastical 
seminary of that city, and by his ability attracted the 
hostility of the dictator, Francia, in consequence of 
which he was forced to keep in hiding for several years. 
He acquired, however, by study, so unusual a knowl- 
edge of law and governmental affairs, that, on Francia’s 
death in 1840, he soon acquired an almost undisputed 
control of the Paraguayan state, which he maintained 
uninterruptedly until his own death in 1862. He was 
successively secretary of the ruling military junta (1840 
—41), one of the two consuls (1841-44), and president 
with dictatorial powers (1844-1862) by successive elec- 
tions for ten and three years, and in 1857 again for ten 
years, with power to nominate his own successor. 
Though nominally a president acting under a republi- 
can constitution, he ruled despotically, the congress 
assembling only rarely and on his call, and then only 
to ratify his decrees. His government was in general 
directed with wise energy towards developing the 
material resources and strengthening the military power 
of the country. His jealousy of foreign approach seve- 
ral times involved him in diplomatic disputes with 
Brazil, England, and the United States, which nearly 
resulted in war, but each time he extricated himself 
by skilful evasions. Paraguay rapidly advanced under 
his firm and, on the whole, patriotic administration. 
He died September 10, 1862. 

LOPEZ, Francisco SoLnano (1826-1870), eldest 
son of Carlos Antonio Lopez above noticed, was born 
near Asuncion, Paraguay, July 24, 1826. During his 
boyhood his father was in hiding, and in consequence 
his education was wholly neglected. Soon after his 
father’s accession to the presidency, Francisco, then in 
his nineteenth year, was made commander-in-chief of 
the Paraguayan army, during the spasmodic hostilities 
then prevailing with the Argentine Republic. After 
receiving successively the highest offices of the state, 
he was sent in 1853 as minister to England, France, 
and Italy, to ratify formally treaties made with these 
powers the previous year. He spent a year and a half 
in Europe, and succeeded in purchasing large quanti- 
ties of arms and military supplies, together with several 
steamers, and organized a project for building a rail- 
road and establishing a French colony in Paraguay. 
He also formed the acquaintance of Madame Lynch, 
an Irish adventuress of many talents and popular 
qualities, who became his mistress, and snout influ- 
enced his later ambitious schemes. Returning to 
Paraguay, he became in 1855 minister of war, and on 
his father’s death in 1862 at once assumed the reins of 
government as vice-president, in accordance with a 
provision of his father’s will, and called a congress, by 
which he was chosen president for ten years. He had 
long cherished ambitious designs, and now set himself 
to enlarge the army, and purchase in Hurope large 
quantities of military stores. In 1864 he began open ag- 
gression on Brazil by demanding, in his self-styled capa- 
city of ‘* protector of the equilibrium of the La Plata,” 
that Brazil should abandon her armed interference in a 
revolutionary struggle then in progress in Uruguay. 
No attention being paid to his demand, he treacher- 
ously seized a Brazilian merchant steamer in the har- - 


5 Dunn and Saxby, however, agreein giving “ Rain-Goose” as 
the name of this species in Shetland. 
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bor of Asuncion, and threw into prison the Brazilian 
oe of the province of Matto Grosso who was on 
oard. In the following month (December, 1864) he 
dispatched a force to invade Matto Grosso, which 
seized and sacked its capital Cuyab4, and took posses- 
sion of the province and its diamond mines. Lopez 
_ next sought to send an army to the relief of the Uru- 
guayan president Aguirro against the revolutionary 
aspirant Flores, who was supported by Brazilian 
troops. The refusal of the Argentine president, 
Mitre, to allow this force to cross the intervening pro- 
vince of Corrientes, was seized upon by Lopez as an 
occasion for war with the Argentine Republic. 

A congress, hastily summoned and composed of his 
own nominees, bestowed upon Lopez the title of mar- 
shal, with extraordinary war powers, and on April 13, 
1865, he declared war, at the same time seizing two 
Argentine war vessels in the bay of Corrientes, and on 
the next day occupied the town of Corrientes, institu- 
ted a provisional government of his Argentine parti- 
sans, and summarily announced the annexation to 
Paraguay of the provinces of Corrientes and Entre 
Rios. Meantime the party of lores had been success- 
ful in Uruguay, and that state on April 18 united with 
the Argentine Republic in a declaration of war on 
Paraguay, the news of the treacherous proceedings of 
Lopez haying then but just reached Buenos Ayres. 
On May Ist esi joined these two states in a secret 
alliance, which stipulated that they should unitedly 

rosecute the war ‘until the existing government of 

araguay should be overthrown,” and ‘‘ until no arms 
or elements of war should be left to it.’ This agree- 
ment was literally carried out. 

The war which ensued, lasted until April 1, 1870, 
was on the largest scale of any that South America 
had experienced, and was carried on with great stub- 
bornness and with altering fortunes, though with a 
steadily increasing tide of disasters to Lopez (see PAR- 
AGUAY). In 1868, when the allies were pressing him 
hard before the various strongholds still remaining to 
him in Paraguay, his mind, naturally suspicious and 
revengeful, led him to conceive that a conspiracy had 
been formed against his life in his own eapital and by 
his chief adherents. His bloodthirsty rage knew. no 
bounds. In a short time several hundred of the chief 
Paraguayan citizens were seized and executed by his 
order, including his brothers and brothers-in-law, cab- 
inet ministers, judges, prefects, military officers of the 
highest grade, the bishops and priests, and nine-tenths 
of the civil officers, together with more than two hun- 
dred foreigners, among them several members of the 
different diplomatic lezations. 

Lopez was at last driven with a mere handful of 
troops to the northern frontier of Paraguay, where, on 
April 1, 1870, he was surprised by a Brazilian force 
and killed as he was; endeavoring to escape by swim- 
ming the river Aquidaban. His ill-starred ambition 
had in a few years reduced Paraguay from the pros- 
perity which it had enjoyed under his father to a 
condition of hopeless weakness, and it has since 
remained a virtual dependency of Brazil. 

LORCA, a town of Spain, in the province of 
Murcia, on the right side of the Sangonera (here called 
the Guadalentin), by which it is separated from the 
suburb or quarter of San Cristobal. It is situated 
about 88 miles west from Cartagena, and 37 south- 
west from Murcia, at the foot of the Sierra del Cafio. 
The principal buildings are the collegiate church of 
San Patricio, with a Corinthian fagade, and the parish 
church of Santa Maria, in the Gothic style. The 
principal manufactures are soda, saltpetre, gunpowder, 
and cloth: the trade, apart from that which these 
articles involve, is insignificant. The population of 
the municipality was 52,934 in 1877. 

Lorea (Arab. Lurka) is the Eliocroca of the Itin. Ant., and 


' probably also the Ilorci of Pliny (iii. 3). It was the key 
of Murcia during the Moorish wars, and was frequently 


taken and retaken. On April 30, 1802, it suffered severely — 


5 


by the bursting of the reservoir known as the Pantano de 
Puentes, in which the waters of the Guadalentin were 
stored for purposes of irrigation; the Barrio de San Cristo- 
bal was completely ruined, and more than six hundred 
persons perished in the disaster. In 1810 itsuffered greatly 
from the French. 


LORENZO MARQUES, or Lourenco Marques, 
the chief place, and indeed the only European settle- 
ment, in the district of its own name in the Portu- 
guese province of Mozambique in Southeastern 
Africa, 1s situated on Delagoa Bay, at the mouth of 
the Lorenzo Marques or English River, in 25° 58” 8. 
lat. and 32° 30’ K. long. At the time of Mr. Ers- 
kine’s visit in 1871 it was a poor place, with narrow 
streets, fairly good flat-roofed houses, grass huts, de- 
cayed forts, and rusty cannon, inclosed by a wall 6 
feet high recently erected and protected by bastions at 
intervals. In 1878 Governor Castelho returned the 
white population of all the district (whose area is esti- 
mated at 210,000 square miles) as 458, and the natives 
as from 50,000 to 80,000. A commission sent by the 
Government in 1876 to drain the marshy land near 
the settlement, to plant the blue gum-tree, and to 
build a hospital and church, only partly accomplished 
its task, and other commissions have succeeded it. In 
1878-79 a survey was taken for a railway from Lorenzo 
Marques to the Transvaal (see Bol. da Soc. de Geogr. 
de Lisboa, 1880), and the completion of this enter- 
prise will make the settlement (which already pos- 
sesses the best harbor on the African coast between 
the Cape and Zanzibar), a place of considerable im- 
portance. It became a regular port of call for steamers 
of the British India Steam Navigation Company in 
1879, and for those of the Donald Currie line in 1880. 
Since 1879 it is also a station on the telegraph line be- 
tween Aden and South Africa. Both Germany and Eng- 
land maintain consular agents in the settlement. 


See DeLaGoa BAY, vol. vii. p. 36; and Lobo de Bulhaes, 
Les Colonies Portugaises (Lisbon, 1878). 


LORETO, a city in the province and circondario of 
Ancona, Italy, is situated some 15 miles by rail 
southwest from Ancona on the Ancona-Foggia railway, 
16 miles northeast from Macerata, and 3 from the 
sea. It lies upon the right bank of the Musone, at 
some distance from the railway station, on a hill-side 
commanding splendid views from the Apennines to 
the Adriatic. The city itself consists of little more 
than one long narrow street, lined with booths for the 
sale of rosaries, medals, crucifixes and similar objects, 
the manufacture of which is the sole industry of the 
place. The population in 1871 was only 1241; but, 
when the suburbs Montereale, Porta Marina, and 
Casette are included, the population is given as 4755, 
that of the commune being 8083. The number of pil- 
erims is said to amount to about 500,000 annually. 
The principal buildings, occupying the four sides of 
the piazza, are the college of the Jesuits, the Palazzo 
Apostolico (designed by Bramante), and the architect- 
urally insignificant cathedral church of the Holy 
House (Chiesa della Casa Santa). The handsome 
facade of the church was erected under Sixtus V., 
who fortified Loreto and gave it the privileges of a 
town (1586); his colossal statue stands in the middle 
of the flight of steps in front. Over the principal 
doorway is a life-size bronze statue of the Virgin and 
Child by Girolamo Lombardo; the three superb bronze 
doors executed under Paul We (1605-21) are also by 
Lombardo, his sons, and his pupils. The richly deco- 
rated campanile, by Vanvitelli, is of great height ; the 
principal bell, presented by Leo X. in 1516, weighs 11 
tons. The interior of the church has mosaics by 
Domenichino and Guido Reni, a beautiful bronze font 
and other works of art; but the chief object of interest 
is the Holy House itself, which occupies a central 

lace. Itiga plain brick building, measuring 28 feet 
Fy 123, and 133 feet in height ; it has a door on the north 
side and a window on the west; and a niche contains 
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a small black image of the Virgin and Child, in Lebanon 
cedar, and richly adorned with jewels. St. Luke is 
alleged to have been the sculptor; its workmanship 
suggests the latter half of the 15th century. Around 
the Santa Casa is a lofty marble screen, designed by 
Bramante, and executed under Popes Leo X., Clement 
VIL. and Paul III, by Andrea Sansovino, Girolamo 
Lombardo, Bandinelli, Guglielmo della Porta, and 
others. The four sides represent the Annunciation, 
the Nativity, the Arrival of the Santa Casa at Loreto, 
and the Nativity of the Virgin respectively. The 
treasury of the church contains a large variety of rich 
and curious votive offerings. 

The legend of the Holy House, by which Loreto became 
what has been not inappropriately called the Christian 
Mecea, seems to have sprung up, how is not exactly known, 
at the close of the crusading period. It is briefly referred 
to in the Italia Illustrata of Flavius Blondus, secretary to 
Popes Eugenius IV., Nicholas V., Calixtus III., and Pius 
II. (0b. 1464); it is to be read in all its fulness in the 
“Redemptoris mundi Matris Ecclesiz Lauretanz historia,” 
by a certain Teremannus, contained in the Opera Omnia 
(1576) of Baptista Mantuanus. According to this narrative 
the house at Nazareth in which Mary had been born and 
brought up, had received the annunciation, and had lived 
during the childhood of Jesus and after His ascension, was 
converted into a church by the apostles, and worship con- 
tinued to be held in it until the fall of the kingdom of 
Jerusalem. Threatened with destruction by the Turks, 
it was carried by angels through the air and deposited 
(1291) in the first instance on a hill at Tersato in Dalmatia 
(some miles inland from Zengg) where an appearance of the 
Virgin and numerous miraculous cures attested its sacred- 
ness, Which was confirmed by investigations made at Naza- 
reth by messengers from the governor of Dalmatia, In 
1294 the angels carried it across the Adriatic to a wood near 
Recanati; from this wood (lauretum), or from the name 
of its proprietrix (Laureta), the chapel derived the name 


which it still retains (‘“‘sacellum gloriose Virginis in 
Laureto”). From this spot it was afterwards (1295) re- 


moved to the present hill, one other slight adjustment being 
required to fix it in its actual site. Bulls in favor of the 
shrine at Loreto were issued by Sixtus IV. in 1491 and by 
Julius II. in 1507, the last alluding to the translation of the 
house with some caution (“ut pie creditur et fama est’’). 
The recognition of the sanctuary by subsequent pontiffs has 
already been alluded to. In the end of the 17th century 
Innocent XII. appointed a “‘missa cum officio proprio” for 
the feast of the Translation of the Holy House, and the 
Festum Translationis Almee Domus Lauretanze B. M. V. 
is still enjoined in the Spanish Breviary asa ‘ duplex 
majus” (December10). In the sixth lesson it is stated that 
“the house in which the Virgin was born, having been 
consecrated to the divine mysteries, was by the ministry 
of angels removed from the power of the infidels first to 
Dalamatia and afterwards to the Lauretan field during the 
pontificate of Celestine V. That it is the identical house 
in which the Word was made flesh and dwelt among men 
is attested by papal documents, by the veneration of all the 
world, by continued miracles, and by the grace of heavenly 
blessings.” 


LORIENT, capital of an arrondissement in the de- 
partment of Monbihan’ and of one of the five mari- 
time prefectures of France, a military port and fortified 
place, stands on the right bank of the Scorff, at its 
confluence with the Blavet, in 47° 45’ N. lat. and 3° 
31’ W. long., on the railway line from Nantes to 
Brest, at a distance of 117 miles from the former and 
111 from the latter. The town, which is modern and 
regularly built, contains no buildings of special archi- 
tectural or antiquarian interest; it derives all its im- 

ortance from its naval establishments lining the right 
ank of the river, which include sail-making works, 
cooperages, and shops of all kinds of ship carpentry. 
The rope-walk forms a parallelogram more than 1000 
feet in length by 100 broad. The foundries, fitting 
shops, and smiths’ shops are on an equally ex- 
tensive scale, the forges numbering eighty-four. 
Of the graving docks the largest is 509 feet in 
length, acon 98 in breadth, and more than 26 feet 
in depth below low-water mark. The Prée, an 
area of 40 acres reclaimed from the sea, contains boat- 
building yards, steam saw-mills, and wood stores; a 


floating bridge 900 feet long connects it with the ship- 
building establishments of Caudan, which occupy the 
peninsula formed by the confluence of the Scorff and the 
Blayvet. Apart from its naval constructions, in which 
Lorient holds the first rank in France, it has an jm- 
yortant place in the manufacture of marine artillery. 
-rivate industry is also engaged in engine-making.. 
The trade in fresh fish and sardines within the arron- 
dissement reaches an annual value of 35 millions of 
frances. South from the town, also on the Scorff, is 
the harbor, which comprises a dry dock and a wet dock, 
measuring about 1650 feet by 200. The roadstead, 
formed by the estuary of the Blavet, is accessible to 
vessels of the largest size; the entrance, 3 or 4 miles 
south from Lorient, which is defended by numerous 
forts, is marked on the east by the peninsula of Gavre 
(an artillery practising ground) and the fortified town 
of Port Louis; on.the west are the fort of Loqueltas, 
and, higher up, the battery of Kernevel. In the mid- 
dle of the channel is the granite rock of St. Michel, 
occupied by a powder magazine. Opposite it, on the 
right bank of the Blavet, is the mouth of the river 
Ter, with fish and oyster-breeding establishments, from 
which 10 millions of oysters are annually obtained. 
Above Lorient on the Scorff, here spanned by a sus- 
pension bridge, is Kerantrech, a pretty village sur- 
rounded by numerous country houses. The population 
of Lorient in 1876 was 35,165, including 6360 of the 
military and official class. 

Lorient has taken the place of Port Louis as the port of 
the Blavet. The latter stands on the site of an ancient 
hamlet which was fortified during the wars of the League 
and handed over by Mercceur to the Spaniards. After the 
treaty of Vervins it was restored to France, and it received 
its name of Port Louis under Richelieu. Some Breton 
merchants trading with the Indies had established them- 
selves first at Port Louis, but in 1628 they built their ware- 
houses on the other bank. The Compagnie des Indes, 
created in 1664, took possession of these, giving them the 
name of Lorient. In 1745 the company, then at the acme 
of its prosperity, owned thirty-five ships of the largest class 
and many others of considerable size. The failure of the 
attempt of the English under Lestock against Lorient is 
still commemorated by the inhabitants by an annual pro- 
cession on the first Sunday of October. The decadence of 
the company dates from 1753. In 1782 the town was 
acquired by purchase by Louis XVI., on the bankruptey of 
its former owners the Rohan-Guéméné family. 


LORRAINE (LoraarinaiA, LoTHRINGEN) is geo- 
graphically the extensive Austrasian portion of the 
realm allotted by the partition treaty of Verdun in 
August, 843, to the emperor Lothair [., and inherited 
by his second son, King Lothair II., 855-869, from 
whose days the name Regnum Lotharii first arose. 
This border-land between the realms of the Hastern and 
Western Franks in its original extent took in most of 
the Frisian lowlands between the mouths of the Rhine 
and the Kms, and a strip of the right shore of the 
Rhine to within a few miles of Bonn. In the neigh- 
borhood of Bingen it receded from the left shore of the 
river so as to exclude the dioceses of Worms and 
Spires, but to admit a certain connection with Alsace. 
Towards the west it included nearly the whole territory 
which is watered by the rivers Moselle and Meuse, and 
spread over the dioceses of Cologne, Treves, Metz, 
‘Toul, Verdun, Liége, and Cambrai. Hence this arti- 
ficial realm embraced, broadly speaking, “almost all 
modern Holland and Belgium (with the exception of 
Flanders), part of the Prussian Rhine provinces, and 
what is still called Lorraine, partly French and partly 
German, divided, however, from Alsace ae the 
Palatinate by the natural frontier line of the Vosges 
and the Haardt mountains. - Its inhabitants were soon 
called Hlotharii, Lotharienses, Lotharingt. Lotha- 
ringia, as the designation of the country, hardly 
appears before the middle of the 10th century. 

p to this time Lorraine had belonged alternately to 
the eastern and the western kingdom ever since Louis 
the German and Charles the Bald divided the realm of 
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Lothair II. more ethnographically by the treaty of 
Meersen, August 8, 870. After the deposition in 887 
of the emperor Charles ITI., who for a short time ap- 
peared at the head of the three reunited realms, the 
country still remained distinet, though the invasions 
of the Northmen and feudal disintegration creeping in 
from the west vied to tear it to pieces. Yet She em- 
_peror Arnulf after his success against the Scandina- 
vians, restored some order, and made his son Zwente- 
bulch king over that part of the empire in 894. But 
he never overcame the difficulties inherent in a country 
peopled by Franks, Burgundians, Almains, Frisians, 
and Scandinavians, speaking various Romance and 
Teutonic dialects, the western group being evidently 
attracted by the growth of a Hrench, the eastern by 
that of a German nationality. King Zwentebulch 


quarrelled with certain powerful lords, offended mor- | 


tally the bishops, especially that of Treves, and finally | 


lost his life in battle on the 13th August, 900. In the 


days of Louis the Child, the last of the eastern Caro- | 
idied in 994. 
count of Haspengau, Hennegau, or Hainault, who | 


lings, there rose to ducal dignity Reginar Long-neck, 


owned a number of fiefs and monasteries in the diocese 
of Liége. He found it profitable to adhere to Charles, 
king of the Western Franks, especially after Louis's 
death in 911. His son Gisilbert from 915 began to 
rule the Lotharingians likewise in opposition to Conrad 
I. and Henry I., who were the successors of Louis the 
Child, with the exception, however, of Alsace and the 
Frisian districts, which now separated, definitively to 
remain with the German Pietom By the treaty of 
Bonn (921) the Lotharingian duchy was ceded for- 
mally to France, until Henry I., profiting by the dis- 


union between Charles the Simple and his rivals, sub- | 


dued Gisilbert and his dominion (925), and about 928 
returned it to him with the hand of his daughter as a 


member of the German kingdom, though rather more | 
Its western frontier | 


independent than other duchies. 
om appears to have extended up to the Dutch Zea- 
ands. 

Henry’s son, the great Otto I., when his brother re- 
belled in conjunction with Eberhard and Gisilbert, the 
dukes of Franconia and Lotharingia, beat and anni- 
hilated these two vassals (939), and secured the latter 
country by a treaty with the French king Louis LV., 
who married Gisilbert’s widow, entrusting it consecu- 
tively to his brother Henry, to a Duke Otto, and from 
944 to Conrad the Red, his son-in-law. Chiefly with 
the help of the Lotharingians he invaded France in 
order to reinstate the king, who had been dethroned 
by his proud vassals. Bus a few years later, when 
Liudulf, the son of King Otto and the English Edith, 
and Duke Conrad, discontented with certain measures, 
rose against their father and lord, the ever-restless 
spirit of the Lotharingians broke out into new com- 
motions. The stern king, however, suppressed them, 
removed both his son and his son-in-law from their 
offices, and appointed his youngest brother, the learned 
and statesmanlike Brun, archbishop of Cologne and 
chancellor of the realm, to be also duke, or, as he is 
culled, archduke of Lotharingia. Brun snatched what 
was still left of demesne lands and some wealthy ab- 
beys like St. Maximine near Treves from the rapacious 
nobles, who had entirely converted the offices of counts 
and other functionaries into hereditary property. He 
presided over their diets, enforced the public peace, 
and defended with their assistance the frontier lands of 
Germany against the pernicious influence of the death 
struggle fought between the last Carolings of Laon 
and the dukes of Paris. Quelling the insurrections of a 
younger Reginar in the lower or ripuarian regions, he ad- 
mitted a faithful Count Frederick, who possessed much 
land in the Ardennes, at Verdun, and at Bar, to ducal 
dignity. Although the emperor, after Brun’s early 
death, October 10, 965, took the border-land into his 
own hands, he connived, as it appears, at the begin- 

ning of a final division between an upper and a lower 
duchy,—leaving the first to Frederick and his descen- 


| 
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dants, while the other, administered by a Duke Gott- 
frid, was again disturbed by a third Reginar and his 
brother Lambert of Louvain. When Otto IT. actually 
restored their fiefs to them in 976, he nevertheless 
granted the lower duchy to Charles, a son of the Car- 
oling Louis IV., and his own aunt Gerberga. Hence- 
forth there are two duchies of Lorraine, the official 
name applying originally only to the first, but the two 
dignitaries being distinguished as Dua Mossellanorum 
and Dua Ripuariorum, or later on Dux Metensis or 
Barrensis and Dux Lovaniensis, de Brabantia, Bul- 
lionis, or de Limburg. Both territories now swarmed 
with ecclesiastical and temporal lords, who struggled 
to be independent, and, though nominally the subjects 
of the German kings and emperors, frequently held 
fiefs from the kings and the grand seigneurs of Trance. 

Between powerful vassals and encroaching neigh- 
bors the imperial delegate in the lower duchy could 
only be a still more powerful seigneur. But Duke 
Charles became the captive of the bishop of Laon, and 
His son, Duke Otto, dying childless 
(1004), left two sisters married to the counts of Louvain 
and Namur. Between 1012 and 1023 appears Duke 


| Gottfrid L., son of a count of Verdun, and supporter of 


the emperor Henry II., who, fighting his way against 
the counts of Louvain, Namur, Luxemburg, and Hol- 
land, is succeeded by his brother Gozelo I-, hitherto 
margrave of Antwerp, who since 1033, with the em- 
peror’s permission, ruled also Upper Lorraine, and 
Aciuaden the frontier bravely against the incursions of 
Count Odo of Blois, the adversary of Conrad IT. At 
his death (1046) the upper duchy went to his second 
son Gottfrid, while the eldest, Gozelo IL., sueceeded 
in the lower, until he died childless (1046). But Gott- 
frid LL. (the Bearded), an energetic but untrustworthy 
vassal, rebelled twice in alliance with King Henry I. 
of France and Count Baldwin V. of Flanders against 
the emperor Henry V., who opposed a union of the 
duchies in such hands. Lower Lorraine therefore was 
given (1046) to Count Frederick of Luxemburg, after 
whose death (1065) it was nevertheless held by Gott- 
frid, who in the mean time, being banished the coun- 
try, had married Beatrice, the widow of Boniface of 
Tuscany, and acted a prominent part in the affairs of 
Italy. As duke of Spoleto and champion of the Holy 
See he arose to great importance during the turbulent 
minority of Henry IV. When he died December 21, 
1069, his son Gottfrid ILI., the Hunchbacked, sue- 
ceeded in the lower duchy, who for a short time was 
the husband to Matilda of Canossa, the daughter of 
Boniface and Beatrice. Soon, however, he turned his 
back on Italy and the pope, joined Henry IV., fought 
with the Saxon rebels and Robert of Flanders, and in 
the end was miserably murdered by an emissary of the 
count of Holland, February 26, 1076. Conrad, the 
emperor’s young son, now held the duchy nominally 
till it was granted 1088 to Gottfrid [V., count of 
Bouillon, and son of Ida, a sister of Gottfrid ITT., and 
Count Eustace of Boulogne, the hero of the first cru- 
sade, who died king of Jerusalem in 1100. After him 
Henry, count of Limburg, obtained the country ; but, 
adhering to the old emperor in his last struggles, he 
was removed by the son in May, 1106, to make room 
for Gottfrid V., the great-grandson to Lambert L., 
count of Lorraine, a descendant of the first ducal 
house, which had been expelled by Otto the Great. 
Nevertheless he joined his predecessor in rebellion 
against the emperor (1114), but returned to his side in 
the war about the see of Liége. Later on he opposed 
King Lothair I[I., who in turn supported Walram, 
son of Henry of Limburg, but died in peace with Con- 
rad III., January 15, 1139. His son Gottfrid VI. 
was the last duke of Lower Lorraine, and second duke 
of Brabant. Henceforth the duchy. split definitely 
into that of Limburg, the inheritance of the counts of 
Verdun, and that of Louvain or Brabant, the domin- 
ion of the ancient line of the counts of Haspengau. 
Various fragments remained in the hands of the counts 


8 


of Luxemburg, Namur, Flanders, Holland, Juliers, 
ete. 

Upper Lorraine, a hilly table-land, is bordered on 
the east by the ridge of the Vosges, on the north by 
the Ardennes, and on the south by the table-land_ of 
Langres. Towards the west the open country stretches 
on into Champagne. The Meuse and the Moselle, 
the latter with its tributaries Meurthe and Saar, run 
through it from 8. EK. to N. W. in a direction parallel 
to the ridge of the Argonnes. In this country Duke 
Frederick was succeeded by his son and grandson till 
1033. Afterwards Gozelo I. and Gottfrid the Bearded, 

Jount Albert of Alsace and his brother or nephew 
Gerard, held the duchy successively under very inse- 
cure circumstances. ‘The ducal territories were even 
then on all sides surrounded and -broken in upon, not 
only by those of the three bishops, but also by the 
powerful counts of Bar. Moreover, when in 1070 a 
new dynasty was established in Theodoric, son of 
Count Gerard of Alsace, his brother Gerard of Vaude- 
mont became the founder of a separate line. The 
former political and feudal ties still connected the 
duchy with the empire. The bishops were the suf- 
fragans of the archbishop of Treves, who rose to be 
one of the prince-electors. The dukes, however, de- 
scending from Theodoric in the male line, though 
much weakened by the incessant dilapidation of their 
property, for two centuries adhered generally to the 
emperor. Duke Simon I. was step-brother of the 
emperor Lothair III; his son Matthew I. intermar- 
ried with the Hohenstaufen family. His son and 
‘rrandsons appear traditionally on the side of Henry 
'T., Philip, Frederick I1., and but rarely prefer the 
Welfish opponent. Later on Theobald LL. and Fred- 
erick IV. supported Albert and Frederick of Austria 
against Louis the Bavarian. Yet during the same age 
French feudalism and chivalry, French custom’and 
language, advanced steadily to the disadvantage of 
German policy and German idioms amongst knights 
and citizens. King Philip Augustus already promoted 
Frenchmen to the sees of Cambrai, Verdun, and Toul. 
Though remaining a fief of the empire, the duchy of 
Lorraine itself, a loose accumulation of centrifugal 
elements, was -irresistibly attracted by its western 
neighbor, although the progress of French monarchy 
for a time was violently checked by the English inva- 
sion. Duke Rudolf, a great grandson of Rudolf of 
Hapsburg, died at Crécy among the French chivalry, 
like his brother-in-law the count of Bar. To his son 
John, who was poisoned at Paris (1391), Charles, called 
the Bold, succeeded, while his brother Frederick, who 
was slain at Agincourt, had annexed the county of 
Vaudemont by right of his wife. Charles, who died 
in 1431 without male issue, had bestowed his daughter 
Isabella in marriage on René, count of Anjou, and 
titular king of Naples, Sicily, and Jerusalem, and also 
a French vassal, for fragments of the duchy of Bar, 
and the fiefs of Pont 4 Mousson and Guise. However, 
when he obtained by right of his wife the duchy of 
Lorraine, he was defeated by Anthony, the son of 
Frederick of Vaudemont. But by his daughter Iolan- 
the marrying Frederick II., Count Anthony’s son and 
heir, the duchies of Lorraine and Bar were in the end 
united by René II. with the county of Vaudemont 
and its dependencies Aumale, Mayenne, and El- 
boeuf. In the mean time all these prospects were 
nearly annihilated by the conquests of Charles of 
Burgundy, who evidently had chosen Lorraine to be 
the keystone of a vast realm stretching from the 
North Sea to the Mediterranean. This new border 
empire, separating Germany from France, fell almost 
instantly to pieces, however, when the bold Burgun- 
dian lost his conquests and his life in the battle of 
Naney, January 4, 1477. After this the duchy tot- 
tered on, merging ever more into the stream of French 
history, though its bishops were princes of the empire 
and resided in imperial cities. At the death of René 
IL. (1508), his eldest son Anthony, who had been edu- 
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cated in the court of France, inherited Lorraine with 
its dependencies. The second, Claude, was first duke 
of Guise, and the third, John, alternately or conjointly 
with his nephew Nicolaus, bishop of Metz, Toul, and 
Verdun, better known. as the cardinal of Lorraine. 
Still the old connection reappeared occasionally during 
the French wars of the emperor Charles V. In 1525 
the country was invaded by German insurgents, and 
Lutheranism began to spread in the towns. When 
Maurice, elector of Saxony, and the German princes 
rose against the emperor (1552), they sold the three 
bishoprics and the cities of Toul, Metz, and Verdun, 
as wellas Cambrai, to King Henry IL., and hailed him 
as imperial vicar and vindex libertatis Germanic. In 
vain did Charles V. lay siege to Metz for nearly three 
months; the town, already entirely French, was suc- 
cessfully defended by the duke of Guise. German 
heresy also lost its hold in these territories owing to the 
Catholic influence of the house of Guise, which ruled 
the court of France during an eventful period. Charles 
IL., the grandson of Duke Anthony, who as a de- 
scendant of Charles the Caroling even ventured to 
claim the French crown against the house of Bourbon, 
had by his wife, a daughter of King Henry IL., two 
sons. But Henry, the eldest, brother-in-law to Henry 
of Navarre, leaving no sons, the duchy at his death, 
July 31, 1624, reverted to his brother Francis, who, 
on November 26, 1625, resigned it in favor of his son 
Charles III., the husband of Duke Henry’s eldest 
daughter. Siding against Richelieu with the house of 
Austria and Duke Gaston of Orleans, Charles, after 
being driven out by the French and the Swedes, re- 
siened the duchy, January 19, 1634; and like the three 
bishoprics it was actually-allotted to France by the peace 
of Westphalia. The duke, however, after fighting 
with the Fronde, and with Condé and Spain against 
Turenne and Mazarin, and quarrelling in turn with 
Spain, was neverthless reinstated by the treaty of the 
Pyrenees (1659) under hard conditions. He had to 
cede the duchy of Bar, to raze the fortifications of 
Nancy, and to yield the French free passage to the 
bishoprics and Alsace. But, restless as ever, after try- 
ing to be raised among the princes of the blood royal 
in return for a promise to cede the duchy, he broke 
again with Louis XIV., and was expelled once more 
together with his nephew and heir Charles IV. 
Leopold. Both fought in the Dutch war on the Ger- 
man side in the vain hope of reconquering their coun- 
try. When Charles LV. after his uncle's death refused 
to yield the towns of Longwy and Nancy according to 
the peace of Nimeguen, Louis XIV. retained the 
duchy, while its proprietor acted as governor of Tyrol, 
and fought the Turks for the emperor Leopold L., 
whose sister he had married. In the next French war 
he commanded the imperial troops. Hence his’ son 
Leopold Joseph, at the cost of Saarlouis, regained the 
duchy once more by the treaty of Ryswick (1697). 
This prince carefully held the balance between the 
contending parties, when Hurope struggled for and 
against the Bourbon succession in Spain, so that his 
court became a sanctuary for pretenders and perse- 
cuted partisans. His second son Francis Stephen, by 
a daughter of Duke Philip of Orleans, and his heir since 
1729, surrendered the duchy ultimately, owing to the 
defeat of Austria in the war for the Polish crown 
(1735). This being lost by Stanislaus Leszezynski, the 
father-in-law of Louis XV., the usufruct of Lorraine and 
a comfortable residence at Nancy were granted to the 
Polish prince till his death (1766). And now for more 
than a century all Lorraine and Alsace up to the Rhine 
were French. Meanwhile Francis Stephen, since 1736 
the husband of Archduchess Maria Theresa, had ob- 
tained in compensation the grand-duchy of Tuscany, 
where the last of the Medici died in 1737. He became 
his wife’s co-regent in the Austrian provinces (1740) 

and was elected king of the Romans and crowned 
emperor 1745, the ancestor of the present rulers of 
Austria. When in the recent Franco-German war 
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both Strasburg and Metz were taken by the German 
troops after a gallant defence, the French had to sub- 
mit in the peace of Frankfort, May 10, 1871, to the 
olitical pat strategical decisions of the conquerors. 
ld German territory, all Alsace, and a portion of Lor- 
raine, the upper valley of the Saar, the strong fortresses 
of Diedenhofen (Thionville) and Metz on the Moselle, 
with the surrounding districts, viz., the greater part of 
the Moselle and the Meurthe departments, where here 
and there German is still the language of the inhab- 
itants, were the spoils of victory. They are now united 
and administered in all civil and military matters as an 
imperial province of the new German empire. 


See Calmet, Histoire Ecclesiastique et civile de la Loraine, 3 
vols.; Mascov, Dissertatio de nexu Lotharingix regni cum tm- 
perio Romano Germanico; Usinger, “Das deutsche Staats- 
gebiet bis gegen Ende des eilften Jahrhunderts,” ist. 
Zeitschrift, xxvii. 374; Waitz, Deutsche Verfassungsqeschichte, 
vols. v.-vii.: Giesebrecht, Geschichte der Deutschen Kaiserzeit, 
vols. iv.; Henri Martin, Histoire de France, 17 vols.; Ranke, 
Deutsche Geschichte im Zeitalter der Reformation, 6 vols.; 
Ranke, Franzosische Geschichte, 5 vols.; A. Schmidt, Elsass 
und Lothringen, Nachweis wie diese Provinzen dem deutschen 
Reiche verloren gingen, 1859. (BPs) 


LORY, a word of Malayan origin signifying Parrot,! 
in general use with but slight variation of form in 
many Kuropean languages, is the name of certain birds 
of the order Psittaci, mostly from the Moluccas and 
New Guinea, which are remarkable for their bright 
scarlet or crimson coloring, though also, and perhaps 
subsequently, applied to some others in which the 
plumage is chiefly green. The ‘‘ Lories’’ have been 
referred to a considerable number of genera, of which 
Eclectus, Lorius (the Domicella of some authors), Los, 
and Chalcopsittacus may be here particularized, while 
under the equally vague name of’ ‘* Lorikeets’’ may be 
comprehended the genera Charmosyna, Loriculus, 
and Coriphilus. By most systematists some of these 
forms have been placed far apart, even in different 
families of /sittaci, but Garrod has shown (Proce. 
Zool. Society, 1874, pp. 586-598, and 1876, p. 692) 
the many common characters they possess, which 
thus goes some way to justify the relationship im- 
plied by their popular designation. ‘he latest and 
perhaps the most complete account of these birds is 
to be found in the first part of Count T. Salyadori’s 
Ornitologia della Papuasia e delle Molueche, published 
at Turin in 1880, though he does not entirely accept 
Garrod’s arrangement. Of the genus Lelectus the 
Italian naturalist admits five species, namely, 2. pec- 
toralis and £2. roratus (which are respectively the 

olychlorus and grandis of most authors), 2. cardina- 
Vs fetacrwice intermedius), I. westermant, and FE. cor- 
nelua—the last two from an unknown habitat, though 
doubtless within the limits of his labor, while the 
first seems to range from Waigiou and Mysol through 
New Guinea, including the Kei, and Aru groups, to 
the Solomon Islands, and the second is peculiar to 
the Moluccas and the third to Bouru, Amboyna, and 
Ceram. Still more recently Dr. A. B. Meyer has de- 
scribed (Proc. Zool. Society, 1881, p. 917) what he con- 


1 The anonymous author of a Vocabulary of the English and Malay 
Languages, published at Batavia in 1879, in which the words are 
— professedly spelt according to their pronunciation, gives it “ loo- 
ree.” Bufton (Uist. Nat. Oiseawe, vi. p. 125) states that it comes from 
the bird’s ery, which is likely enough in the case of captive ex- 
gpl taught to utter a sound resembling that of the name by 
which they are commonly called. Nieuhoff (Voyages par mer et 

ar terre a differentes lieux des Indes, Arasterdam, 1682-92) seems to 
é Rone first made the word “ Lory” known (cf. Ray, Synops. Aviwm, 

p. 151). Crawfurd (Dict. Engl. and Malay Languages, p. 127) spells it 

“nori” or “nuri”; and in the first of these forms if is used, says 

Dr. Finseh (Die Papageien, ii. p. 732), by Pigafetta, Aldrovandus 

(Ornithologia, lib, xi, cap. 1) noticed a Parrot called in Java “nor,” 

and Clusius (Rrotica, p. 364) has the same word. This will account 

for the name “noyra” or “‘noira” applied by the Portuguese, 
according to Buffon (ut swpra, pp. 125-127); but the modern Portu- 

ese seem to call a Parrot generally “ Louro,” and in the same 
anguage that word is used as an adjective, signifying bright in 
eolor. The French write the word “ Loury”’ (ef, Littré, sub voce). 

The Lory of colonists in South Africa is a ToURACOO (q.v.) ; and 

King Lory is a name applied by dealers in birds to the Australian 
Parrots of the genus Aprosmictus. 
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siders to be another species, /. riedeli, from Cera or 
Seirah, one of the Tenimber group, of which Timor 
Laut is the chief, to the southwest of New Guinea.? 
Much interest has been excited of late by the discovery 
in 1873, by the traveller and naturalist last named, that 
the birds of this genus possessing a red plumage were 
the females of those wearing green feathers. So un- 
expected a discovery, which was announced by Dr. 
Meyer on the 4th of March, 1874, to the Zoological 
and Botanical Society of Vienna,’ naturally provoked 
not a little controversy, for the difference of coloration 
is so marked that it had even been proposed to sepa- 
rate the Green from the Red Lories generically ;+ but 
now the truth of his assertion is generally admitted, and 
the story is very fully told by him ina note contributed 
to Gould’s Birds of New Guinea (part viii., 1st Octo- 
ber, 1878), though several interesting matters there- 
with connected are still undetermined. Among these 
is the question of the color of the first plumage of the 
young, a point nut without important signification to 
the student of phylogeny.® 

Though the name Lory haslong been used for the 
pes of Lclectus, and some other genera related 
thereto, some writers would restrict its application to 
the birds of the genera Lorius, Hos, Chalcopsittacus, 
and their near allies, which are often placed in a sub- 
family, Lorine, belonging to the so-called Family of 
Trichoglosside, or ‘‘ Brush-tongued’’ Parrots. Garrod 
in the course of his investigations on the anatomy of 
psittact was led not to attach much importance to the 
structure indicated by the epithet ‘‘ brush-tongued,”’ 
stating (Proc. Zool. Society, 1874, p. 597) that it ‘is 
only an excessive development of the papillae which 
are always found on the lingual surface.’’ The birds 
of this group are very characteristic of the New Guinea 
Subregion,® in which oceur, according to Count Salva- 
dori, ten species of Lorius, eight of Hos, and four of 
Chalcopsittacus ; but none seem here to require any 
further notice,’ though among them, and particularly 
in the genus Hos, are included some of the most richly- 
colored birds to be found in the whole world; nor does 
it appear that more need be said of the so-called Lori- 
keets. (A. N.) 

LOS ANGELES, a city of the United States, the 
capital of Los Angeles county, California, is situated in 
the lowland between the Sierra Madre and the Pacific, 
about 17 miles from the coast, on the west bank of a 
stream of its own name. It lies 483 miles by rail 
south-southeast of San Francisco on the Southern Pa- 
cific Railroad, and is connected by branch lines with 
Wilmington, Santa Monica (both on the. coast), and 
Santa Ana. As the centre of a fine orange and grape- 
growing country, and a resort for invalids, Los Angeles 
is a place of some importance ; and since the opening 
of the railways it has been in full prosperity, the old 
adobe buildings rapidly giving place to more substan- 
tial structures. Founded in 1781 by the Spaniards, it 
received the name ‘‘ Town of the Queen of the Angels” 
(Pueblo dela Reina de los Angeles) as a tribute to the 
beauty and pleasantness of the spot. It was the capi- 
tal of the Mexican state of California from 1836 to 1846, 
in which latter year it was captured by the United 
States forces. The population has increased from 5728 
in 1870 to 11,183 in 1880, 

LOT, the ancestor of Moab and Ammon, was the son 
of Haran, and grandson of Terah, and accompanied his 
uncle Abraham in his migration from Haran to Canaan. 


2 There seems just a possibility of this, however, proving iden- 
tical with either 2. westermani, or E. cornelia—both of which are 
very rare in collections. 

8 Verhandl. z.-b. Geselisch. Wien, 1874, p. 179; Zool. Garten, 1874, p. 
16 


i ag 

4 Proce. Zool. Society, 1857, p. 226. 

5 The chemical constitution of the coloring matter of the feath- 
ers in Eclectus has been treated by Dr. Krukenberg of Heidelberg 
(Vergl. physiol. Studien, Reihe ii. Abth. i. p. 161, reprinted in Jitt- 
heil. Orn. Vereines in Wien, 1881, p. 83). 

6 They extend, however, to Fiji, Tahiti, and Fanning Island. 

1 Unless it b» Oreopsittacus arfaki, of New Guinea, remarkable as 
the only Parrot known as yet to have fourteen instead of twelve 
rectrices, 
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At Bethel’ Lot separated from Abraham, and, while 
the uncle went on to Hebron, the nephew settled in the 
district of Sodom. When Jehovah was about to destroy 
Sodom and the other cities of the plain two divine mes- 
sengers appeared, spent the night in Lot’s house, and 
next morning led Lot, his wife, and his two unmarried 
daughters out of the city. His wife looked back and 
was changed to a pillar of salt,? but Lot with his two 
danghters escaped first to Zoar and then to the moun- 
tains east of the Dead Sea, where the daughters, sup- 
posing themselves the only survivors of the catastrophe 
that had destroyed their home, planned and executed 
an incest by which they became mothers. The sons 
were the ancestors of Ammon and Moab. Such is the 
outline of the Jahvistic history of Lot, which the 
priestly narrator epitomizes in a few words, the only 
statement peculiar to his narrative being that in 
Gen. xi, 27-32. The account of Chedorlaomer’s in- 
vasion and of Lot’s rescue by Abraham belongs to an 
independent source, the age and _ historical value of 
which has been much disputed. See on the one hand 
Ewald, Geschichte, vol. i., and Tuch in his Genesis, and 
in an essay originally published in Z D. J. G., vol. i., 
and reprinted in the second edition of his Genesis, and 
on the other hand the essay in Néldeke, Untersuchun- 
gen, and Wellhausen, wé supra, p. 414. 


The name Lot (04%) signifies “a veil,” which has led | : 
aan Ae Me thi trang hunstha. | the most valuable mineral product of Lot. The manu- 


Goldzieher, Mythologie, p. 216, sy., to the arbitrary hypothe- 


sis that the story of Lot and his daughters isa myth about | tac Aw) ‘ 
‘mills, and wool spinning and carding as well as cloth 
/making, tanning, currying, brewing, and agricultural 


the night. Lot and his daughters passed into Arabic tradi- 
tion from the Jews. The daughters are named Zahy and 
Ra'wa by Mas fidy, ii. 189; but other Arabian writers give 
other forms. 

LOT, a southwesterly department of central France, 
corresponding to what was formerly known as Quercy 
(the country of the Cadurci), a district of the old pro- 
vince of Guyenne, is situated between 44° 12’ and 45° 
5’ N, lat., and between 1° and 2° 12’ Hi. long., and is 
bounded on the N. by Corréze, on the W. by Dordogne 
and Lot-et-Garonne, on the 8. by T'arn-et-Garonne, 
and on the E. by Aveyron and Cantal. Its extreme 
leneth, from northeast to southwest, is about 52 miles, 
and its breadth from northwest to southeast 31 miles, 
with an area of 2013 square miles. It slopes towards 
the southwest, from a maximum altitude of 2560 feet 
on the borders of Cantal to a minimum of 213 feet at 


the point where the river Lot quits the department, | 


through a wide geological range beginning with 
primary rocks (granite, gneiss, mica-schists), which 
are succeeded by lias, oolitic limestone (oceupying 


the greater portion of the area), chalks, and finally | 


by Tertiary formations. The Lot, which traverses it 
from east to west, is navigable for the whole distance 
(78 miles) with the help of locks; its principal tribu- 
tary within the department is the Célé (on the right). 
In the north of the department the Dordogne has a 
course of 37 miles; among its tributaries are the Cére, 
which has its rise in Cantal, and the Ouysse, a river 
of no great length, but remarkable for the abundance 
of its waters. The streams in the south of Lot all 
flow into the Tarn. By the Dordogne and Lot the 
surface is divided into a number of limestone plateaus 
known by the name of “‘causses’’; that to the north 
of the Dordogne is called the Causse de Martel; be- 
tween the Dordogne and the Lot is the Causse de 
Gramat or de Rocamadour; south of the Lot is the 
Causse de Cahors. These ‘‘causses,’”’ owing to the 
rapid disappearance of the rain through the faults in 
the limestone, have for the most part an arid appear- 
ance, and their rivulets are generally mere dry beds; 
but their altitude (from 700 to 1300 feet, much lower 
therefore than that of the similar plateaus in Lozére, 


1 In Gen, xii. 10 sq., where Abraham’s visit to Egypt is recorded, 
there is no mention of Lot, and Wellhausen (Jahrb. f. D. Theol., 1876, 
p. 4138) has made it probable that this episode is no part of the 
Jahvyistie narrative, to which the history of Lot mainly belongs. 

2 Such a pillar in the neighborhood of Usdum is described by 
Lynch, Narrative, p. 307. See also Robinson, Bib. Res., 2d ed., i. 
108, 


/to north. 
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Hérault, and Aveyron) admits of the cultivation of 
the vine; they also yield a small quantity of maize, 
wheat, oats, rye, and potatoes, and some wood. The 
deep intervening valleys are full of verdure, being well 
watered by abundant springs supplied by drainage 
from the plateaux above. The climate is on the whole 
that of the Girondine region; the valleys are warm, 
and the rainfall is somewhat above the average for 
France. ‘The difference of temperature between the 
higher parts of the department belonging to the central 
plateau and the sheltered valleys of the southwest is 
considerable. Of the entire area of the department 
691,920 acres are arable, 222,402 are forest land, 168,- 
038 are occupied by vineyards, 64,250 are heath, and 
61,778 are meadow. Sheep are the most abundant 
kind of live stock; but pigs, horned cattle, horses, 
asses, and mules, and goats are also reared, as well as 
poultry in large quantities, and bees. Wine is the 
principal product of the department, the mdst valued 
being that of Cahors or Céte du Lot. It is used partly 
for blending with other wines and partly for local con- 
sumption. The northeast cantons supply large quanti- 
ties of chestnuts; apples, cherries, and peaches are 
common, and the department also grows tobacco and 
supplies truffles. The iron, lead, and zine deposits are 
unimportant. Marble, millstones, limestone, and clay 
are obtained to some extent, but phosphate of lime is 


factures are inconsiderable; but there are numerous 


implement making are carried on to some extent. The 
exports consist of grain, flour, wine, brandy, live stock 
nuts, truflies, prunes, tobacco, wood, phosphate of 
lime, leather, and wool. The population in 1876 was 
276,512. The three arrondissements are Cahors, 
Figeac, and Gourdon; there are twenty-nine cantons 
and three hundred and twenty-three communes. 
LOT-ET-GARONNE, a department of South- 
western France, made up of Agenais and Bazadais 
two districts of the former province of Guyenne, an 
Condomois and Lomagne, formerly portions of Gascony, 
lies between 43° 507 and 44° 45’ N. lat., and 1° 77 Hi, 
and 8” W. long., and is bounded on the W. by Gironde, 
on the N. by Dordogne, on the E. by Lot and Tarn-et- 
Garonne, on the S. by Gers, and on the 8.W. by 
Landes® its extreme length from southwest to north- 
east is 62 miles, and it has an area of 2067 square miles, 
The Garonne, which traverses the department from 
southeast to northwest, divides it into two unequal 
parts; in that to the north the slope is from east to 
west, while in that to the south it is directly from south 
A small portion in the southwest belongs 
to the sterile region of the Landes; the valleys of the 
Garonne and of the Lot (its greatest affluent here) on 
the other hand are proverbial for their fertility. The 
wildest part is in the borders of Dordogne, where oak, 
chestnut and beech forests are numerous; the highest 
point is also here (896 feet). The Garonne, where it quits 
the department, is only some 33 or 36 fect above the sea- 
level; itis navigable throughout, with the help of its lat- 
eral canal, as also are the Lot and Bayse with the help of 
locks. The Dropt, a right affluent of the Garonne in 
the north of the department, is also navigable in the 
lower part of its course. The climate is that of the 
Girondine region, the mean temperature of Agen be- 
ing 56.6° Fahr., or 5° above that of Paris; the rain- 
fall (31.5 inches) is also above the average of France. 
Of the entire area 741,342 acres are arable, 210,047 are 
vineyard, 172,980 underwood, 85,254 natural meadow, 
and 56,836 waste. Horned cattle are the chief live 
stock; next in order come pigs, sheep, horses, asses 
and mules, and a small number of goats. Poultry and 
bees are also reared. Its wines and its cereals are a 
great source of wealth to the department; in 1875 
488,000 quarters of grain and 14,000,000 gallons of 
wine were produced. Potatoes, beetroot, pulse, and 
maize are also largely grown; next come rye, barley, 
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meslin and buckwheat. In 1877, 7759 acres produced 
5,838,849 lb of tobacco, worth upwards of two million 
francs. Colza, hemp, and flax are also extensively 
cultivated, The fruit harvest (nuts, chestnuts, apri- 
cots) is large and valuable, the prunes which take their 
name from Agen being especially in demand. The 
forests in the southwest supply pine wood and cork, 
The forges, high furnaces, and foundries of the depart- 
ment are important; brazier’s ware is also produced ; 
and there are workshops for the manufacture of agri- 
cultural implements and other machines. he making 
“st geri ime, and hydraulic cement; of tiles, bricks, 
and pottery, of confectionery and other eatables, and 
brewing and distilling, occupy many of the inhabitants, 
At Tonneins there is a national tobacco manufactory, 
and the list of industries is completed by the mention 
of boatbuilding, cork eutting, hat and candle making, 
wool spinning, weaving of woollen and cotton stufls, 


tanning, paper making, oil making, and flour and saw | 


milling. In 1876 the population was 816,920 (1100 
Protestants), The inhabitants speak a patois in which 
elegant and graceful works have been written, such as 
the poems of JASMIN (q.v.). The arrondissements 
are four,—Agen, Marmande, Nérac, and Villeneuve ; 
and there are thirty-five cantons and three hundred 
and twenty-five communes, 

LOTHAIR I, Roman emperor, eldest son of Louis 
the Pious, was born in 795. Ata diet held at Aix-la 
Chavpelle in 817 he received Austrasia with the greater 

art of Germany, and was associated with his father 
in the empire, while separate territories were granted 
to his brothers Louis and Pippin, This arrangement 


being modified in favor of Louis’s youngest son Charles | 


(afterwards Charles the Bald), the three brothers re- 
peatedly rebelled, and for a time Lothair usurped su- 

reme power. After the death of Louis in 840, 
Reshaie as his successor, claimed the right to govern 
the whole empire. His brothers Louis and Charles 
(Pippin being dead) united against him, and in 841 he 
was defeated in the great battle of Hontenay. On the 
11th of August, 843, the war was brought to an end by 
the treaty of Verdun, by which Lothair was confirmed 
in the imperial title, but received as his immediate terri- 
tory only Ltaly (which he had ruled from 822) with along 
narrow district reaching past the Rhone and the Rhine 
to the North Sea. His subsequent reign was, full of 
trouble, for many of his vassals had become virtually in- 
dependent, and he was unable to contend successfully 
with the Norsemen and the Saracens. In 855, weary of 
the cares of government, he divided his kingdom 
among his sons, and retired to the monastery of Priim, 
where he died on the 28th of September of the same 

ear. As emperor he was succeeded by his son Louis 


LOTHAIR rn Saxon, German king and Roman 
emperor, was originally count of Suplinburg. In 1106 
he was made duké of Saxony by the emperor Henr 
V., against whom he afterwards repeatedly rebelled, 
After the death of Henry V. in 1125, the party which 
supported imperial in opposition to papal claims wished 
to grant the crown to Duke Frederick of Swabia, 

The papal party, however 

waded by Archbishop Adalbert of Maing, managed 
to secure the election of Lothair, who obtained their 
fayor by making large concessions by which he was 
afterwards seriously hampered. In 1183 he was 
crowned emperor in Rome by Innocent If,, whom he 
had supported in a disputed papal election. In later 
that he had done homage 

to the pope for the empire, but what he really received 
in fief was the hereditary territory of the, Countess 
Matilda. Meanwhile he had been engaged in bitter 
strife with the Hohenstaufen family, from whom he 
had demanded the allodial lands which they had in- 
herited from the emperor Henry V. Duke Frederick 
of Swabia, and his brother Conrad, had resisted these 
pretensions; and Conrad had even been erowned king 
in Milan. ‘The quarrel was ultimately settled by the 


|lands in dispute being granted in fief to the house of 
Hohenstaufen, In order to strengthen his position, 
Lothair had given his daughter Gertrude (a child of 
eleven) in marriage to Henry the Proud, duke of Ba- 
varia, Whom he made also duke of Saxony, Henry 
was further enriched by receiving the hereditary and 
imperial territories of the Countess Matilda, so that 
the Guelphs became by far the most powerful family 
in the empire. Lothair secured other important ad- 
herents by giving North Saxony laheohasts Branden- 
burg) to Albert the Bear, and Thuringia (which he 
took from Landgrave Hermann) to Count Louis, tn 
his relations to the neighboring populations Lothair 
jacted with great vigor. ‘The cae of Bohemia and 
ithe duke of Poland were compelled to do homage, and 
the margraviate of Meissen and the county of Bur 
| gundy he gave to two of his supporters, the former to 
) Count Conrad of Wettin, the Sides to Duke Conrad 
of Zihringen, The kingdom of the Abotrites he 
granted to the Danish king Cnut; and Onut's sue- 
lcessor Magnus was forced to accept it as a fief of the 
empire, In 11386 Lothair undertook a second expe 
dition to Italy for the defence of Pope Innocent If, 
against Roger of Sicily, and after accomplishing his 
object he died on the 3d of December, 1137, in an Al- 
ine hut near Trent, on his way back to Germany. 

Juring his reign the papaey gained ground in its ri- 
valry with the empire, but he displayed courage and 
resource In maintaining the rights of the crown againgt 
all his secular opponents, 

See Gervais, Politiache Ceachichte Dentachlunda water der 
Regierung der Kaiser Heinrich Vi und Lothar IIL, 141-42; 
Jatt, Geschichte dea deutachen Reicha witer Lothar dem Sach« 
sen, 1843, 


LOTHIAN, Loraine, LAODONTA, a name whose 
origin is unknown,' now preserved in the three Secot- 


tish counties of Hast, West, and Mid Lothian—ILAp- 
DINGTON, Linnirnaow, and Hpinnunan (¢.0.)—orig- 
inally extended from the Forth to the Tweed, The 


Korth separated it from Celtic Alba, and the weed 
from the southern part of Bryneich (Bernicia)., Its 
western boundaries appear to have been the Cheviots 
and the Lowthers, fter the Anglo-Saxon migration 
it formed part of the Anglian kingdom of Northum- 
berland, founded by Ida the Mlame-bearer in 547, 
which in its widest extent, under the powerful Nor- 
thumbrian kings of the 7th century, reached from the 
Humber to the Forth, A different but allied branch 
of the Angles settled along the tributaries of the 
Tweed, and the Cheviot, Lowther, Moorfoot, and 
Pentland (Pictish) hills separated the colonists of 
southern Scotland from the British kingdom of Strath 
Clyde or Cumbria. The victories of Catreeth (596) 
and Dregsastan (603) in the reign of Mthelfvith repre- 
sent the close of the struggle which drove the British 
or Cumbrian Celts (Cymry) into the western hill 
country, afterwards known as Westmoreland and Cunm- 
berland, and the Picts to the north of the Borth and 
Clyde, so that Anglian Northumberland secured the 
former river as its northern boundary, and even for a 
time threatened to pass it, MWdwin of Deira (617-83) 
the chief king of Mngland in his time, probably founded 
Hdinburgh, although its Celtic name Dun Kden has 
been thought by some to suggest a different derivation, 
Kefrid at the cloge of the 7th century established an 
Anglian bishop ab Abercorn on the Worth, but was 
defeated and slain at’ Nechtansmere, or Dunnichen, in 
Vorfarshire, by the Pictish king Brude (685), and Trum- 
wine the bishop at Abercorn was forced to retire to 
Whitby. In the 8th century the Northumbrian kings 
were engaged in a conflict with Mercia, and in 827 the 
supremacy of Nebert, the founder of the West Saxon 
monarchy, was acknowledged, although on the part of 
the Northumbrians the recognition must have aera aut 


1 Loth, son of Anna, the sister of Arthur, a Seottish consul and 
lord of Laudonia (Mordun, ti, 24), the Llew of the Arthurian le« 
gend (Skene, Lour Books of Wales, chap, iy,), ls, of course, an 
/ eponymus, 
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first almost nominal, for it was not until more than a 
century later that Athelstan, by the victory of Bru- 
nanburg (937) over the allied Welsh, Scots, and Nor- 
thumbrian Danes, really extended the boundaries of 
the Wessex kingdom over the greater part of Nor- 
thumbria, which was reduced to an earldom by Edred 
in 954. Athelstan had in 934 ravaged Scotland north 
of the Forth, and must for atime have reduced Lo- 
thian, the northern district of Northumberland, but it 
does not appear that either he or any of his successors 
had real sovereignty over Lothian, which was left to 
the rule of Northumbrian earls, sometimes of Anglian 
and at other times of Danish race. Its population 
continued Anglian, as is proved by the fact that there 
are no Danish monuments and few Danish place names 
between the Tweed and the Forth. The Scottish Celts, 
like the English Anglo-Saxons, were during this period 
occupied with warding off the Danes and Norsemen, 
but about the middle of the 9th century Kenneth 
Macalpine united the Scottish and Pictish kingdoms, 
and fixed the capital at Scone. ‘This monarch is said 
by the Pictish chronicle to have six times invaded 
Saxony (the name given by the Celts to the Anglo- 
Saxon territory), and to have burnt Dunbar and Mel- 
rose. The Anglians of Northumbria had been con- 
verted to Christianity by Paulinus in 627, and recon- 
verted by a Celtic mission from Iona between 635 and 
651 under Aidan, who planted a mission station—a 
southern [ona—on the Holy Island, and became first 
bishop of Lindisfarne. Cuthbert, one of his successors 
in this bishopric, which had become Anglian and con- 
formed to the Roman ritual and discipline after the 
council of Whitby (664), has the credit of spreading 
the gospel in Lothian, where he had been first monk 
and then prior of the recently-founded monastery of 
Melrose. 

About the middle of the 10th century (954-62) 
Edinburgh was abandoned by the Northumbrian An- 
gles and occupied by Indulph, son of Constantine, 
king of the Scots. According to John of Walling- 
ford and Roger of Wendover, Edgar the West Saxon 
king ceded in 966 Lothian to Kenneth III., son of 
Malcolm I., on condition that he should do homage 
for it and give pledges not to deprive the people 
of that region of their ancient customs, aad that 
they should still retain the name and language of 
the Angles. This cession, which is not in the older 
chronicles, has been matter of controversy between 
Freeman (Norman Conquest, i., note B, p. 610), who 
accepts the statement, and H. W. Robertson ( Scotland 
under her Early Kings, i. 390) and Skene (Celtic 
Scotland, i. 370), who reject it upon what appear bet- 
ter grounds. But the dispute is of small importance, 
as it is admitted on the authority of Simeon of Dur- 
ham that, whether or not it was then ceded on condi- 
tion of homage, it was annexed to Scotland by con- 
quest in 1018 in consequence of the victory at Carham 
by Malcolm the son of Kenneth over the Northumbrian 
earl Hadulf Ciudel,—‘‘ Hoe modo,’ says Simeon 
writing before 1129, ‘‘ Lodonium adjectum est regno 
Scotie.’’ Canute and William the Conquerer made 
temporary conquests of Scotland including Lothian, 
and homage of various kinds was rendered to them and 
other Norman monarchs, but there is no trace of any 
special homage for Lothian except in two dubious 
charters by Edgar to William Rufus, so that it seems 
certain that from the beginning of the 11th century 
it was an integral part of Scotland. Freeman, in his 
Historical Geography, styles it an English earldom, 
but it is never so called in any authentic record. While 
it was an integral part of Scotland its population was 
recognized as a distinct branch of the Scottish nation, 
and the men of Lothian are frequently separately 
named, as in the contemporary account of the Battle 
of the Standard (1138). It also retained its language, 
customs, and laws, which were those of the Angles of 
Northumbria. Although united in civil government 
to Scotland, Lothian, or at least many places in it, 


LOTTERIES. 


continued ecclesiastically subject to the see of Durham, 
which had succeeded that of Lindisfarne, until the be- 
ginning of the 12th century (Stubbs and Haddan, 
Ooncilia, ii. p. 161), but it then came under the bishop 
of St. Andrews, and was divided into three rural dean- 
eries, the Merse, Haddington, and Linlithgow, with 
an archdeacon of Lothian, who first distinctly appears 
under that name at the commencement of the 13th 
century. 

The division of Scotland into shires was probably 
made by David I., and Lothian included the shires of 
Berwick or the Merse (the march or borderland, as 
Knelish Mercia and Spanish Murcia), Roxburgh, and 
Hdinburgh, which inolied the constabularies of Had- 
dington and Linlithgow, afterwards erected into sepa- 
rate counties. Its principal burghs—Berwick, Rox- 
burgh, and Edinburgh—formed along with Stirlin 
the court of the four burghs, whose laws were collecte 
by David I. (‘‘ Leges Quatuor Burgorum,” Act. Pari. 
Scot., i. 327), and whose meeting-place was Hadding- 
ton, but the frequent occupation of Berwick and Rox- 
burgh by the English caused Lanark and Linlithgow 
to be substituted, and the place of meeting to be 
changed to Stirling in 1368. The convention of royal 
burghs may be traced back to this court. 

The independence of Scotland, including Lothian, 
though frequently disputed by the English sovereigns, 
was always maintained by the Scotch, except when 
surrendered by William the Lion as a prisoner by the 
treaty of Falaise 1174, cancelled by Richard I. in 1189. 
It was finally acknowledged by Edward I. in the treaty 
of Brigham. but after the death of the Maid of Nor- 
way this acknowledgment was repudiated, and it was 
only finally established by the war of independence, 
and definitely recognized in the treaty of Northamp- 
ton in 1328, 

By a singular but fortunate series of events, of 
which the first was the marriage of Malcolm Caumore 
with the Saxon princess Margaret, Lothian, the 
Anglian part of the Scottish kingdom, though its bor- 
derland, became its centre. Hdinburgh, its chief 
town, was from that time a favorite residence of 
the court, and under the Stuart kings became the cap- 
ital ofthe kingdom. Its language, the dialect of north- 
ern England, became the basis of the Lowland Scots, 
at first called Inglys or English, but afterwards Scotch, 
when Celtic, Erse, or Gaelic had ceased to be spoken in 
the lowland districts, in distinction from Southern Eng- 
lish. Its customary law, with additions prior to the 
war of independence of Norman feudal institutions from 
England, is the basis of those parts of the common law 
of Scotland which are not taken from Roman jurispru- 
dence. And it was from Lothian that ‘Angle Sage 
and Anglo-Norman civilization radiated to the remotest 
parts of the Highlands and Islands. (za. M.) 

LOTTERIES. The word lottery has no very defi- 
nite signification. It may be applied to any process of 
determining prizes by lot, whether the object be amuse- 
ment, or gambling, or public profit. In the Roman 
| Saturnalia and in the banquets of aristocratic Romans 
the object was amusement; the guests received apoph- 
oreta. The same plan was followed on a magnificent 
scale by some of the emperors. Nero excited the 

eople by giving such prizes as a house or a slave. 
Fichowatalaa introduced an element of absurdity,—one 
ticket for a golden vase, another for six flies. This 
amusing custom descended to the festivals given by the 
feudal and merchant princes of Hurope, especially of 
Italy ; and it afterwards formed a prominent feature of 
the splendid court hospitality of Louis XIV. In the 
Italian republics of the 16th century the lottery prin- 
ciple was applied to encourage the sale of merchandise. 
The lotto of Florence and the seminario of Genoa are 
well known, and Venice established a monopoly and 
drew a considerable revenue for the State. ‘The first 
‘letters patent for a lottery in France were granted by 
Francis L., and in 1656 the Italian Tonti (the originator 
-of ‘‘Tontines’’) opened another for the building of a 
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stone bridge between the Louvre and the Faubourg 
St. Germain. The institution became very popular in 
France, and gradually assumed an important place in 
the Government finance. The parliaments frequently 
protested against it, but it had the support of Mazarin, 
and Pontchartrain by this means raised the expenses 
of the Spanish Succession War. Necker, in his Ad- 
ministration des Finances, estimates the public charge 
for lotteries at 4,000,000 livres per annum. There 
were also lotteries for the benefit of religious commu- 
nities and charitable purposes. Two of the largest 
were the Loterics de Piété and des, Enfuns Trouvés. 
These and also the great Loterie del Heolemilitatrewere 
practically merged in the Loterie Royale by the famous 
decree of 1776, suppressing all private lotteries in 
France. The financial basis of these Jarger lotteries 
was to take »°;ths for expenses and benefit, and return 
32ths to the public who subscribed. The calculation 
of chances had become a familiar science. It is ex- 
plained in detail by M. Caminade de Castres in Ene. 
Méth. Finances, ii., s. v. ‘ Loterie.’”” The names of 
the winning numbers in the first drawing were (1) 
extrait, (2) ambe, (3) terne, (4) quaterne, (5) quine. 
After this there were four drawings called primes gra- 
twites. The extrait gaye fifteen times the price of the 
ticket; the guine gave one million times the price. 
These are said to be much more favorable terms than 
were given in Vienna, Frankfort, and other leading 
European cities at the end of the 18th century. There 
is no doubt that lotteries had a demoralizing effect on 
French society. They were denounced by the eloquent 
bishop of Autun as no better than the popular games 
of belle and biribi; they were condemned on financial 
grounds by Turgot; and Condillac compared them to 
the debasement of money which was at one time prac- 
tised by the kings of France. The Loterie Royale 
was ultimately suppressed in 1836. Under the law 
of 29th May, 1844, lotteries may be held for the as- 
sistance of charity and the fine arts. The Société du 
Credit Foncier, and many of the large towns, are per- 
mitted to contract loans, the periodical repayments of 
which are determined by lot. This practice, which is 
prohibited in Germany and England, resembles the 
older system of giving higher and lower rates of inter- 
est for money according to lot. Lotteries were sup- 

ressed in Belgium in 1830, but they still figure large- 
y in the State budgets of Germany, Holland, Spain, 
and Italy. 

In England the earliest lotteries sanctioned by Goy- 
ernment were for such purposes as the repair of 
harbors in 1569, and the Virginia Company in 1612. In 
1696 by the Act 10 & 11 Will. IIL. ¢. 17, lotteries, with 
the exception of the Royal Oak lottery, were prohib- 
ited as common nuisances, by which children, servants, 
and other unwary persons had been ruined. This pro- 
hibition was in the 18th century gradually extended to 
illegal insurances of marriages and other events, and 
to a great many games with dice, such as faro, basset, 
hazard, except backgammon and games played in the 
royal palace. In spite of these prohibitions, the Gov- 
ernment from 1709 down to 1824 showed a bad ex- 
ample to the nation by annually raising considerable 
sums in lotteries authorized by Act of Parliament. 
The prizes were in the form of terminable or perpetual 
annuities. The £10 tickets were sold at a premium of 
say 40 per cent. to contractors who resold them in retail 
(sometimes in one-sixteenth parts) by ‘‘morocco 
men,’ or men with red leather books who travelled 
pepoeh the country. As the drawing extended over 
forty days, a very pernicious system aruse of insuring 
the fate of tickets during the drawing for a small pre- 
mium of 4d. or 6d. This was partly cured by the Lit- 
tle Go Act of 1802, 42 Geo. III. c. 119, directed 
against the itinerant wheels which plied between the 
state lotteries, and partly by Perceval’s Act in 1806, 
which confined the drawing of each lottery to one day. 
From 1793 to 1824 the Government made an average 
yearly profit of £346,765. Cope, one of the largest 
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contractors, is said to have spent £36,000 in adver- 
tisements ina single year. The English lotteries were 
used to raise loans for general purposes, but latterly 
they were confined to particular objects, such as the 
improvement of London, the disposal of Cox’s mu- 
seum, the purchase of Tomkin’s picture gallery, ete. - 
Through the efforts of Lyttleton and others a strong 
public opinion was formed against them, and in 1826 
they were finally prohibited. An energetic proposal 
to revive the system was made before the select com- 
mittee on metropolitan improvements in 1830, but it 
was not listened to. By a unique blunder in legisla- 
tion, authority was given to hold a lottery under the 
Act 1 & 2 Will. IV. ©. 8, which provides a scheme for 
the improvement of the city of Glasgow. These 
‘* Glasgow lotteries ’’ were suppressed by 4 & 5 Will. 
LV. ¢. 37. The statute law in Scotland is the same as 
in England. At common law in Scotland it is prob- 
able that all lotteries and raffles, for whatever purpose 
held, may be indicted as nuisances. The art unions 
are supposed to be protected by a special statute. 

The American Congress of 1776 instituted a national 
lottery. The scheme was warmly advocated by J efter- 
son and other statesmen, and before 1820 at least sev- 
enty Acts were passed by Congress authorizing lotteries 
for various nate purposes, such as schools, roads, 
ete.,—about 85 per cent. of the subscriptions being 
returned in prizes. A sounder opinion now prevails 
on this subject in America. 

The only systematic work on this subject is the Critique 
hist. pol. mor. écon. et comm. sur les loteries anc. et mod, spirit- 
uelles et temporelles des Ltats et des Lglises, Amsterdam, 1697, 
3 vols., by the Bolognese historian Gregorio Leti. The 
subject is also dealt with by J. Dessaulx in his work De 
la passion du jew depuis les anciens temps jusqw a nos jours, 
Paris, 1779. Wanless.) 


LOTUS-EATERS (Greek Acwroodyor) were a Libyan 
tribe known to the Greeks as early as the time of Homer. 
Herodotus (iv. 177) describes their country as in the 
Syrtic district, and says that a carayan route led from 
it to Egypt. The lotus still grows there in great 
abundance. It is a prickly shrub, the jujube tree, 
bearing a fruit of a sweet taste, compared by Herodo- 
tus to that of the date; it is still eaten by the natives, 
and a kind of wine is made from the juice (see JU- 
JUBE). Marvellous tales were current among the early 
Greeks of the virtues of the lotus, as we see in Odys., 
ix. 84. When Ulysses comes to the coast many of 
his sailors eat the lotus and lose all wish to return 
home. The idea has been worked up by Tennyson 
in a very fine poem. This lotus must not be con- 
founded with the Heyptian plant, a kind of water-lily 
that grows in the Nile. See Ritter, Mrdkunde, i. ; 
and Heeren, Jideen, ii., or in Historical Pesearches, ete. 

LOTZE, RupotpH Hermann, one of the most 
eminent philosophers of our age, was born May 21, 
1817, in Bautzen, in the kingdom of Saxony, and died 
at Berlin Ist July, 1881. The incidents of the life of 
a philosopher, especially if his career has been 
exclusively an academic one, are usually passed over as 
unimportant. In external events no life could be less 
striking than that of Lotze, who, moreover was of a 
retiring disposition, and was forced through delicate 
health to seclude himself from even such external ex- 
citement and dissipation as the quiet university town 
of Géttingen, where he passed nearly forty years of 
his life, might afford. His interests on the contrary, 
as exhibited in his various writings, are most univer- 
sal; and in a surprising degree he possessed the power 
of appreciating the wants of practical life, and the 
demands of a civilization so complicated as that of our 
age, so full of elements which have not yet yielded to 
scientific treatment. But, although in his teachings 
he rose more than most thinkers beyond the tempo- 
rary and casual influences which surrounded him, it 
was significant for the development of his ideas that 
the same country produced him which gave to Ger- 
many Lessing and Fichte, that he received his educa- 
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tion in the gymnasium of Zittau under the guidance 
of eminent and energetic teachers, who nursed in him 
a love and tasteful appreciation of the classical au- 
thors, of which in aes later years he gave a unique 
example in his masterly translation of the Antigone 
of Sophocles into Latin, and that, himself the son of 
a physician, he went to the university of Leipsic as a 
student of philosophy and natural sciences, but enlisted 
officially as a student of medicine. He was then only 
seventeen. It appears that thus early Lotze’s studies 
were governed by two distinct interests and emanated 
from two centres. The first was his scientific interest 
and culture, based upon mathematical and physical 
studies, under the guidance of such eminent repre- 
sentatives of modern exact research as EK. H. Weber, 
W. Volckmann, and G. T. Fechner. The others were 
his esthetical and artistic predilections, which were 
developed under the care of C. H. Weisse. To the 
former he owes his appreciation of exact investigation 
and a complete knowledge of the aims of science, to 
the latter an equal admiration for the great circle of 
ideas which had been cultivated and diffused through 
the teachings of Fichte, Schelling, and Hegel. But 
each of these aspects, which early in life must have 
been familiar to him, exerted on the other a tempering 
and modifying influence. The true method of science 
which he possessed forced him to condemn as useless 
the entire form which Schelling’s and Hegel's exposi- 
tions had adopted, especially the dialectic method of 
the latter, ra 9 

his appreciation of moral purposes, revealed to 
him the existence beyond the phenomenal world 
of a world of values or worths into which no 
exact science could penetrate. It is evident how 
this initial position at once defined to him a varie- 
ty of tasks which philosophy had to perform. First 
there were the natural sciences themselves only just 
emerging from an undlear conception of their true 
method,—especially those which studied the border- 
land of physical and mental phenomena, the medical 
sciences, pre-eminently that science which has since 
become so popular, the science of biology. Lotze’s 
first essay was hie dissertation De future biologice prin- 
cipibus philosophicis, with which he gained (1838) the 
degree of doctor of medicine, after having only four 
months previously got the degree of doctor of philos- 
ophy. ‘Then, secondly, there arose the question, 
whether the methods of exact science sufficed to ex- 
plain the connection of phenomena, or whether for the 
explanation of this the thinking mind was forced to 
resort to some hypothesis not immediately verifiable 
by observation, but dictated by our higher aspirations 
and interests. And, if to satisfy these we are forced 
to maintain the existence of a world of moral stand- 
ards, it was, thirdly, necessary to form some opinion 
as to the relation of these moral standards of value to 
the forms and facts of phenomenal existence. These 
different tasks, which philosophy had to fulfil, mark 


pretty accurately the aims of Lotze’s writings, and the | 


order in which they were published. But, though he 
laid the foundation of his philosophical system very 
early, in his Metaphysti: (Leipsic, 1841) and his Logik 
(1843), and commenced lecturing when only twenty- 
two years old on philosophical subjects, in Leipsic, 
though he accepted in 1844 a call to Gottingen to fill 
the chair of philosophy which had become vacant 
through the death of Herbart, he did not proceed to 
an exhaustive development of his peculiar views till 
very much later, and only during the last decade of his 
life, after having matured them in his eminently pop- 
ular lectures, did he with much hesitation venture to 
present his ideas in something like a systematic form. 
‘The two small publications just referred to remained 
unnoticed by the reading public, and Lotze became 
first known to a larger circle through a series of works 
which had the object of establishing in the study of 
the physical and mental phenomena of the human 
organism in its normal and diseased states the same 
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general principles which had been adopted in the in- 
vestigation of inorganic phenomena. These works 
were his Allgemeine Pathologie und Therapie als me- 
chanische Naturwissenschaften (Leipsic, 1842, 2d ed. 
1848), the articles ‘‘ Lebenskraft’’ (1843) and ‘‘Seele 
und Seelenleben”’ (1846) in Rud. Wagner's Hand- 
worterbuch der Physiologie, his Allgemeine Physiol- 
ogie des Kérperlichen Lebens (Leipsic, 1851), and his 
Medicinische Psychologie oder Physiologie der NSeele 
(Leipsic, 1852). When Lotze came out with these 
works, medical science was still much under the influ- 
ence of Schelling’s philosophy of nature. The mechan- 
ical laws, to which external things were subject, were 
conceived as being valid only in the inorganic world ; 
in the organic and mental worlds these mechanical 
laws were conceived as being disturbed or overriden by 
other powers, such as the influence of final causes, the 
existence of types, the work of vital and mental forces. 
This confusion Lotze, who had been trained in the 
| school of mathematical reasoning, tried to dispel. The 
laws which govern particles of matter in the inorganic 
world govern them likewise if they are joined into an 
organism. A phenomenon a, if followed by 6 in the 
one case, is followed by the same } also in the other 
|ease. Final causes, vital and mental forces, the soul 
‘itself can, if they act at all, only act through the inex- 
|orable mechanism of natural laws. If a is to be fol- 
lowed by d and not by 6, this can only be effected b 
the additional existence of a third something c, whic 
again by purely mechanical laws would change b into 
id. As we therefore have only to do with the study of 
| existing complexes of material and spiritual phenomena, 
the changes in these must be explained in science by the 
rule of mechanical laws, such as obtain everywhere in the 
world, and only by such. One of the results of these 
investigations was to extend the meaning of the word 
mechanism, and comprise under it all laws which obtain 
in the phenomenal world, not excepting the phenom- 
ena of life and mind. Mechanism was the unalterable 
connection of every phenomenon a@ with other phenom- 
‘ena, c, d, either as following or preceding it; mechan- 
‘ism was the inexorable form into which the events of 
this world are cast, and by which they are connected. 
The object of those writings was to establish the all- 
|pervading rule of mechanism. But the mechanical 
|view of nature is not identical with the materialistic. 
In the last of the above-mentioned works the question 
‘is discussed at great length how we have to consider 
mind, and the relation between mind and body; the 
answer is—we have to consider mind as an immaterial 
|principle, its action, however, on the body and vice 
| versa as purely mechanical, indicated by the fixed laws 
of a psycho-physical mechanism. These doctrines of 
Lotze—though pronounced with the distinet and reit- 
erated reserve that they did not contain a solution of 
| the philosophical question regarding the nature, origin, 
or deeper meaning of this all-pervading mechanism, 
neither an explanation how the action of external 
things on each other takes place, nor yet of the relation 
of mind and body, that they were merely a preliminary 
formula of practical scientific value, itself requiring a 
deeper interpretation—these doctrines were neverthe- 
less by many considered to be the last word of the 
philosopher who, denouncing the reveries of Schelling 
or the idealistic theories of Hegel, established the 
science of life and mind on the same basis as that of 
material things. Published as they were during the 
| years when the modern school of German materialism 
was at its height,’ these works of Lotze were counted 
among the opposition literature which destroyed the 
phantom of esslian wisdom and vindicated the 
independent and self-sufficing position of empirical 
hilosophy. Even philosophers of the eminence of 
. H. Fichte (the younger) did not escape this mis- 
interpretation of Lotze’s true meaning, though they 
had his Metaphysik and Logik to refer to,though he 


| 1 See Vogt, Physiologische Briefe, 1845-47, Moleschott, Der Kreis- 
lauf des Lebens, 1852; Bachner, Kraft und Stoff, 1855. 
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promised in his Allgemeine Physiologie (1851) to enter 
ina subsequent work upon the ‘bounding province 
between esthetics and physiology,’’ and though in his 
Medicinische Psychologie he had distinctly stated that 
his position was neither the idealism of Hegel nor the 
realism of Herbart, nor materialism, but that it was 
the conviction that the essence of everything is the 
part it plays in the realization of some idea which isin 
itself valuable, that the sense of an all-pervading 
mechanism is to be sought in this that it denotes the 
ways and nieans by which the highest idea, which we 
may call the idea of the good, has voluntarily chosen 
to realize itself. : 

The misinterpretations which he had suffered induced 
Lotze to publish a small pamphlet of a polemical 
character (Streitschriften, Leipsic, 1857), in which he 
corrected two mistakes. The opposition which he had 
made to Hegel’s formalism ad induced some to asso- 
ciate him with the materialistic school, others to count 
him among the followers of Herbart, the principal 
oe of eminence who had maintained a life- 
ong protest against the development which Kant’s doc- 
trines had met with at the hands of Fichte, Schelling, 
and Hegel. Lotze publicly and formally denied that 
he belonged to the school of Herbart, though he ad- 
mitted that historically the same doctrine which might 
be considered the forerunner of Herbart’s teachings 
might lead to his own views, viz.: the monadology of 
Leibnitz. 

When Lotze wrote these explanations, he had already 
he to the world the first volume of his great work, 

‘ikrokosmus (vol. i. 1856, vol. ii. 1858, vol. ili. 1864; 
8d ed., 1876-1880).. In many passages of his works 
on pathology, physiology, and psychology Lotze had 
distinctly stated that the method of research which he 
advocated there did not give an explanation of the 
phenomena of life and mind, but only the means of ob- 
serving and connecting them together ; that the mean- 
ing of all phenomena, and the reason of their peculiar 
connections, was a philosophical problem which required 
to be attacked from a different point of view ; and that 
the significance especially which lay in the phenomena 
of life and mind would only unfold itself if by an ex- 
haustive survey of the entire life of man, individually, 
socially, and historically, we gain the necessary data 
for deciding what meaning attaches to the existence of 
this microcosm, or small world of human life, in the 
macrocosm of the universe. ‘This review, which ex- 
tends, in three volumes, over the wide field of anthro- 
pology, beginning with the human frame, the soul, and 


_ their union in life, advancing to man, his mind, and 


the course of the world, and concluding with history, 
progress, and the connection of things, ends with the 
same idea which was expressed in Lotze’s earliest 
work,—Metaphysik. The view peculiar to him is 
reached in the end as the crowning conception towards 
which all separate channels of thought have tended, 
and in the light of which the life of man in nature and 
mind, in the individual and in society, had been sur- 
veyed. This view can be briefly stated as follows. 
Everywhere in the wide realm of observation we find 
three distinct regions,—the region of facts, the region 
of laws, and the region of standards of value and worth. 
These three regions are separate only in our thoughts, 
not in reality. To comprehend the real position we 
are forced to the conviction that the world of facts is 
the field in which, and that laws are the means by 
which, those higher standards of moral and esthetical 
value are being realized; and such a union can again 
only become intelligible through the idea of a personal 
Deity, who in the creation and preservation of a world 
has voluntarily chosen certain forms and laws, through 
the natural operation of which the ends of His work 
are gained. 
hilst Lotze had thus in his published works closed 
the circle of his thought, beginning with a conception 
bined: proceeding to an exhaustive 
contemplation of things in the light it afforded, and 
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ending with the stronger conviction of its truth which 
observation, experience, and life could afford, he had 
all the time been lecturing on the various branches of 
philosophy according to the scheme of academical lec- 
tures transmitted from his predecessors. Nor can it 
be considered anything but a gain that he was thus in- 
duced to expound his views with regard to those topics, 
and in connection with those problems, which were the 
traditional forms of shitsea piel utterance. His lee- 
tures ranged over a wide field; he delivered annually 
lectures on psychology and on logic (the latter includ- 
ing a survey of the entirety of philosophical research 
under the title Hneyclopidie der Philosophie), then at 
longer intervals lectures on metaphysics, philosophy of 
nature, philosophy of art, philosophy of religion, rarely 
on history of philosophy and ethics. In these lectures 
he expounded his peculiar views in a stricter form, and 
during the last decade of his life he embodied the sub- 
stance of those courses in his System der Philosophie, 
of which only two volumes have appeared (voli. Logik, 
ist ed., Leipsic, 1874, 2d ed., 1880; vol. ii. Metaphysik, 
1879). The third and concluding volume, which was 
to treat in a more condensed form the principal prob- 
lems of practical philosophy, of philosophy of art and 
religion, did not appear. A small pamphlet on psy- 
chology, containing the last form in which he had 
begun to treat the subject in his lectures (abruptly ter- 
minated through his death) during the summer session 
of 1881, has been published by his son. Appended to 
this volume is a complete list of Lotze’s writings, com- 
piled by Professor Rehnisch of Gottingen. 


To understand this series of Lotze’s writings, it is neces- 
sary to start with his definition of philosophy. This is 
given after his exposition of logic has established two 
points, viz., the existence in our mind of certain laws and 
forms according to which we connect the material supplied 
to us by our senses, and, secondly, the fact that logical 
thought cannot be usefully employed without the assump- 
tion of a further set of connections, not logically necessary, 
but assumed to exist between the data of experience and 
observation. These connections of a real not formal char- 
acter are handed to us by the separate sciences and by the 
usage and culture of everyday life. Language has erystal- 
lized them into certain definite notions and expressions, 
without which we cannot proceed a single step, but which 
we have accepted without knowing their exact meaning, 
much less their origin. In consequence the special sciences 
and the wisdom of common life entangle themselves easily 
and frequently in contradictions. A problem of a purely 
formal character thus presents itself, viz., this—to try to 
bring unity and harmony into the scattered thoughts of 
our general culture, to trace them to their primary assump- 
tions and follow them into their ultimate consequences, to 
connect them all together, to remodel, curtail, or amplify 
them, so as to remove their apparent contradictions, and to 
combine them in the unity of an harmonious view of 
things, and especially to make those conceptions from 
which the single sciences start as assumptions the object of 
research, and fix the limits of their applicability. This is 
the formal definition of philosophy. Whether an harmoni- 
ous conception thus gained will represent more than an 
agreement among our thoughts, whether it will represent 
the real connection of things, and thus possess objective not 
merely subjective value, cannot be decided at the outset. 
It is also unwarranted to start with the expectation that 
everything in the world should be explained by one prin- 
ciple, and it is a needless restriction of our means to expect 
unity of method. Nor are we able to start our philosophi- 
cal investigations by. an inquiry into the nature of human 
thoughtvand its capacity to attain an objective knowledge, 
as in this case we would be actually using that instrument 
the usefulness of which we were trying to determine. The 
main proof of the objective value of the view we may gain 
will rather lie in the degree in which it succeeds in assign- 
ing to every element of culture its due position, or in which 
it is able to appreciate and combine different and appa- 
rently opposite tendencies and interests, in the sort of jus- 
tice with which it weighs our manifold desires and aspira- 
tions, balancing thenr in due proportions, nor sacrificing to 
a one-sided principle any truth or conviction which experi- 
ence has proven to be useful and necessary. The investi- 
gations will then naturally divide themselves into three 
parts, the first of which deals with those to our mind 


‘inevitable forms in which we are obliged to think about 
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things, if we think at all (metaphysics), the second being 
devoted to the great region of facts, trying to apply the 
results of metaphysics to these, specially the two great 
regions of external and mental phenomena (cosmology and 
psychology), the third dealing with those standards of 
value from which we pronounce our esthetical or ethical 
approval or disapproval. In each department we shall 
have to aim first of all at views clear and consistent within 
themselves, but, secondly, we shall in the end wish to form 
some general idea or to risk an opinion how laws, facts, and 
standards of value may be combined in one comprehensive 
view. Considerations of this kind will naturally turn up 
in the two great departments of cosmology and pyschology, 
or they may be delegated to an independent research 
under the name of religious philosophy. We have already 
mentioned the final conception in which Lotze’s specula- 
tion culminates, that of a personal Deity, Himself the 
essence of all that merits existence for its own sake, who 
in the creation and government of a world has voluntarily 
chosen certain laws and forms through which His ends are 
to be realized. We may add that according to this view 
nothing is real but the living spirit of God and the world 
of living spirits which He has created; the things of this 
world have only reality in so far as they are the appearance 
of spiritual substance, which underlies everything. It is 
natural that Lotze, having this great and final conception 
always before him, works under its influence from the very 
beginning of his speculations, permitting us—as we pro- 
gress to gain every now and then a glimpse of that inter- 
pretation of things which to him contains the solution of 
our difficulties, 

The key to Lotze’s theoretical philosophy lies in his meta- 
physics, to the exposition of which important subject the 
first and last of his larger publications have been devoted. 
To understand Lotze’s philosophy, a careful and repeated 
perusal of these works is absolutely necessary. The object 
of his metaphysics is soto remodel the current notions re- 
garding the existence of things and their connections with 
which the usage of language supplies us as to make them 
consistent and thinkable. The further assumption, that the 
modified notions thus gained have an objective meaning, 
and that they somehow correspond to the real order of the 
existing world which of course they can never actually 
describe, depends upon agenéral confidence which we must 
have in our reasoning powers, and in the significance of a 
world in which we ourselves with all the necessary courses 
of our thoughts have a place assigned to them in harmony 
with the whole. The object therefore of these investiga- 
tions is opposed to two attempts frequently repeated in the 
history of philosophy, viz.:—-(1) the attempt to establish 
general laws or forms, which the development of things 
must have obeyed, or which a Creator must have followed 
in the creation of a world (Hegel); and (2) the attempt 
to trace the genesis of our notions, and decide as to 
their meaning and value (modern theories of knowledge). 
Neither of these attempts is practicable. The world of 
many things surrounds us; ournotions, by which we man- 
age correctly or incorrectly to describe it, are also ready 
made, What remains to be done is, not to explain how 
such a world manages to be what it is, nor how we came to 
form these notions, but naerely this—to expel from the 
civele and totality of our conceptions those abstract notions 
which are inconsistent and jarring, or to remodel and 
define them so that they may constitute a consistent and 
harmonious view. In this endeavor Lotze discards as use- 
less and untenable many favorite conceptions of the school, 
many crude notions of everyday life. The course of things 
and their connection are only thinkable by the assumption 
of many things the reality of which (as distinguished 
from their existence in our thoughts) can be conceived only 
as a multitude of relations. This, standing in relation to 
other things, gives to a thing its reality. And the nature 
of this reality again can neither be consistently represented 
as a fixed and hard substance nor as an unalterable some- 
thing, but only asa fixed order of recurrence of continually 
changing events or impressions. But, further, every 
attempt to think clearly what those relations are, what we 
really mean, if we talk of a fixed order of events, forces 
upon us the necessity of thinking also that the different 
things which stand in relations or the different phases 
which follow each other cannot be merely externally strung 
together or moved about by some definable external power, 
in the form of some predestination or inexorable fate. The 
things themselves which exist and their changing phases 
must stand in some internal connection; they themselves 
must be active or passive, capable of doing or suffering. 
This would lead to the view of Leibnitz, that the world 
consists of monads, self-sutticient beings, leading an inner 
life. But this idea involves the further conception of 
Leibnitz, that of a pre-established harmony, by which the 
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Creator has cared to arrange the life of each monad, so 
that it agrees with that of all others, This conception, 
according to Lotze, is neither necessary nor thoroughly 
intelligible. Why not interpret at once and render intel- 
ligible the conception of everyday life originating in 
natural science, viz., that of a system of laws which goy- 
ern the many things? But, in attempting to make this 
conception quite clear and thinkable, we are forced to 
represent the connection of things as a universal substance, 
the essence of which we conceive as a system of laws 
which underlies everything and in its own self connects 
everything, but imperceptible, and known to us merely 
through the impressions it produces on us, which we call 
things. A final reflection then teaches us that the nature 
of this universal and all-pervading substance can only be 
imagined by us as something analogous to our own mental 
life, where alone we experience the unity of a substance 
(which we call self) preserve din the multitude of its (men- 
tal) states, It also becomes clear that only where such mental 
life really appears need we assign an independent existence, 
but that the purposes of everyday life as well as those of 
science are equally served if we deprive the material 
things outside of us of an independence, and assign to them 
merely a connected existence through the universal sub- 
stance by the action of which alone they can appear to us. 

The universal substance, which we may call the absolute, 
is at this stage of our investigations not endowed with the 
attributes of a personal Deity, and it will remain to be 
seen by further analysis in how far we are able—without 
contradiction—to identify it with the object of religious 
veneration, in how far that which to metaphysics is merely 
a postulate can be gradually brought nearer to us and 
become a living power. Much in this direction is said by 
Lotze in various passages of his writings; anything com- 
plete, however, on the subject is wanting. Nor would it 
seem as if it could be the intention of the author to do 
much more than point out the lines on which the further 
treatment of the subject should adyance. The actual 
result of his personal inquiries, the great idea which lies . 
at the foundation of his philosophy, we know. It may be 
safely stated that Lotze would allow much latitude to in- 
dividual convictions, as indeed it isevident that the empty 
notion of an absolute can only become living and signifi- 
sant to us in the same degree as experience and thought 
have taught us to realize the seriousness of life, the signifi- 
cance of creation, the value of the beautiful and the good, — 
and the supreme worth of personal holiness. To endow 
the universal substance with moral attributes, to maintain 
that it is more than the metaphysical ground of everything, 
to say it is the perfect realization of the holy, the beautiful, 
and the good, can only have a meaning for him who feels 
within himself what real not imaginary values are clothed 
in those expressions. 

We have still to mention that esthetics formed a princi- 
pal and favorite study of Lotze’s, and that he has treated 
this subject also in the light of the leading ideas of his 
philosophy. See his essays Ueber den Begriff der Schénheit, 
Gottingen, 1845, and Ueber Bedingungen der Kunstschonheit, 
ibid., 1847; and especially his Geschichte der Aisthetik in 
Deutschland, Munich, 1868. 

Lotze’s historical position is of much interest. Though 
he disclaims being a follower of Herbart, his formal defini- 
tion of philosophy and his conception of the object of 
metaphysics are similar to those of Herbart, who defines 
philosophy as an attempt to remodel the notions given by 
experience. In this endeavor he forms with Herbart an 
opposition to the philosophies of Fichte, Schelling, and 
Hegel, which aimed at objective and absolute knowledge, 
and also to the criticism of Kant, which aimed at determ- 
ining the validity of all human knowledge. But this for- 
mal agreement involves material differences, and the spirit 
which breathes in Lotze’s writings is more akin to the 
objects and aspirations of the idealistic school than to the 
cold formalism of Herbart. What, however, with the 
idealists was an object of thought alone, the absolute, is to 
Lotze only inadequately definable in rigorous philosophi- 
cal language; the aspirations of the human heart, the 
contents of our feelings and desires, the aims of art, and 
the tenets of religious faith must be grasped in order to 
fill the empty idea of the absolute with meaning. These 
manifestations of the divine spirit again cannot_be traced 
and understood by reducing (as Hegel did) the growth of 
the human mind in the individual, in society, and in his- 
tory to the monotonous rhythm of a speculative schema- 
tism; the essence and worth which is in them reveals 
itself only to the student of detail, for reality is larger 
and wider than philosophy; the problem, “how the one 
can be many,” is only solved for us in the numberless 
examples in life and experience which surround us, for 
which we must retain a lifelong interest, and which con- 
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stitute the true field of all useful human work. This con- 
viction of the emptiness of terms and abstract notions, and 
of the fulness of individual life, has enabled Lotze to com- 
bine in his writings the two courses into which German 
philosophical thought had been moving since the death of 
its great founder, Leibnitz. We may define these courses 
by the terms esoteric and exoteric,—the former the, philo- 
sophy of the school, cultivated principally at the univer- 
‘sities, trying to systematize everything and reduce all our 
knowledge to an intelligible principle, losing in this 
attempt the deeper meaning of Leibnitz’s philosophy; the 
latter the philosophy of general culture, contained in the 
literature of the classical period, in the unsystematic writ- 
ings of Lessing, Winkelmann, Goethe, Schiller, and Her- 
der, who more or less expressed their indebtedness to 
Leibnitz. Lotze can be said to have brought philosophy 
out of the schoolroom into the market of life. By under- 
standing and combining what was great and valuable in 
those divided and scattered endeavors, he has become the 
true suecessor of Leibnitz, and his philosophy will no 
doubt attain that universal celebrity which was attained 
by the monadology and the system of pre-established har- 
mony. 

The age in which Lotze lived and wrote in Germany 
was not one peculiarly fitted to appreciate the position he 
took up. Frequently misunderstood, yet rarely criticised, 
he was nevertheless greatly admired, listened to by devoted 
hearers, and read by an increasing circle. But no watch- 
word of easy currency, no ready Shibboleth, attracts or 
helps to combine this increasing circle to the unity of 
a philosophical school, The real meaning of Lotze’s 
teaching is reached only by patient study, and those who 
in a larger or narrower sense call themselves his followers 
will probably feel themselves indebted to him more for the 
general direction he has given to their thoughts, for the 
tone he has imparted to their inner life, for the serious- 
ness with which he has taught them to consider even 
small affairs and practical duties, and for the indestructible 


confidence with which his philosophy permits them to dis- | 


regard the materialism of science, the scepticism of shal- 
low culture, the disquieting results of philosophical and 
historical criticism. It is not unlikely that the present 
phase of English thought will more easily assimilate the 
valuable elements of Lotze’s philosophy, as indeed frag- 
ments and beginnings of a similar view exist already in 
English literature. Wherever his writings are widely 
read and appreciated it will be on account of the great 
moral influence which his philosophy exerts in common 
with some systems of the past, but almost alone among the 
systems of the day. Pe ag Be 


LOUDUN, capital of an arrondissement in the 
department of Vienne, France, stands on an emi- 
nence of 3820 feet, overlooking a fertile plain, 45 
miles (by rail) southwest from Tours. It was 
formerly surrounded by walls, of which only two 
towers and a single gateway now remain. 
the old castle which was destroyed under Richelieu, 
and of which the site is now turned into a public 
promenade, a fine old rectangular donjon of the 12th 
century has been preserved; at its base traces of Roman 
constructions have been found, with fragments of por- 

hyry pavement, mosaics, and mural paintings. The 
gee ite convent, now occupied by the Brethren of 
Christian Doctrine, was the scene of the trial of Urban 
Grandier, who was burnt alive for witcheraft in 1634 
(see Bayle’s Dictionnaire); the old Byzantine church 
of Sainte Croix, of which he was curé, is now used as 
amarket. There are several curious old houses in the 
town. Lace making and candle making are the chief 
industries, and there is a considerable trade in grain and 
flour. Before the revocation of the edict of Nantes the 
inhabitants numbered, it is said, more than 12,000; in 
1876 the population was 4522. 

LOUGHBOROUGH, the second town in Leicester- 
shire, England, on the Midland Railway, 11 miles from 
Leicester and 14 from Nottingham. In 1881 its three 
parishes had a population of 14,733. <A large tract of 
meadow-land lies between the town and the river Soar, 
which is connected with the town by two canals,—the 
Loughborough canal, formed in 1776, and the Leicester 
cae opened in 1791. On the Charnwood Forest side 
_ of the town there were once extensive parks. ‘The open 
' fields in the lordship were enclosed in 1762. The town 
has an excellent market-place, and is in the centre of 
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Its malt was once of special 
note. The old parish church of All Saints stands on 
rising ground, and is a conspicuous object for many miles 
round; the church itself (restored in 1862) is of the 
Decorated style, and dates from the 14th century; the 
tower is Perpendicular. Hmmanuel church was com- 
pleted in 1837, and Holy Trinity in 1878. The Roman 
Catholic chapel was built in 1833, and the extensive 
Karly English convent, since enlarged, in 1850, The 
town-hall and corn exchange, in the market-place, 
55, and the cemetery and its elegant 


were erected in 18! 
church date from 1857. The grammar school is a'l'udor 
structure, standing in some 15 acres of ornamental 
grounds and walks; it owes its origin to Thomas 
Burton’s charity, in 1495. The present buildings were 
erected in 1852, and the new scheme was devised under 
the Grammar School Act of 3 & 4 Viet. The girls’ 
grammar school, in the Karly English style, was erected 
in 1879. The other public buildings comprise a dispen- 
sary and infirmary (built at the cost of Mr. and Miss 
Herrick in 1862), local board offices, police station, 
schools, and nonconformist chapels. There are several 
large hosiery factories. Lace was a staple trade until 
1816 (see Hratncoatr). Bell-founding was introduced 
in 1840, and Messrs. Taylor cast here in 1881 the great 
bell for St. Paul’s, London (174 tons), Tron-foundries, 
dye-works, and horticultural glass-works also provide 
employment. 

The town is mentioned under the name of Lucteburne in 
Domesday Book. William the Conqueror gave the town 
and manor to Hugh Lupus, from whom they passed to the 
more famous Despensers. They were held by the Beanmonts 
from 1326 to 1464, when they passed into the Hastings 
family, returning to them, after several changes of owner- 
ship, in 1554. Lord Moira sold the manor in 1818, and the 
major part of the manorial rights have now been purchased 
by the local board. The title of Baron Hastings of Lough- 
borough was given to Sir Edward Hastings in 1558, and to 
Colonel Henry Hastings in 1643, Alexander Wedderburn, 
when made lord chancellor, assumed the title of Lord Lough- 
borough, in 1780.1. John Cleaveland, the royalist poet, was 
born here in 1613; John Howe, the Puritan divine, in 1630; 
and Richard Pulteney, the botanist, 1730, 

See Thomas Pochin's Jiistorical Description, 1770 (vol. vill. of 
Bibliotheca Topographica Britannica); Potter's Walks Rownd Lough- 
borough; Wood's Plan of Loughborough, 1857; W.G, Dimoeck Fletch- 
er’s Parish Registers, 1873, Rectors af Loughborough, and Historical 
Handbook, 1881. 

LOUIS I., Roman emperor (called ‘‘ der Fromme,”’ 
also “le Débonnaire’’), was born in 778. He sue- 
ceeded his father Charlemagne in 814, having in the 
previous year been declared co-regent. At the beginning 
of his reign he excited high anticipations by the earn- 
estness with which he attacked the abuses that had 
accumulated during the later years of Charlemagne’s 
sovereignty. The licentiousness which prevailed at 
court he sternly suppressed ; he punished counts who 
were proved to haye misused their authority; and he 
sought to reform the manners both of the secular and 
of the regular clergy. The Saxons and the Frisians, 
who, although conquered, had never cordially accepted 
Frankish rule, were conciliated by mild and generous 
treatment. A period of trouble and confusion, however, 
was opened in 817, when Louis, anxious to establish the 
order of suecession, declared his eldest son Lothair his 
successor, and made him co-regent, granting him Aus- 
trasia with the greater part of Germany. The younger 
sons of Louis, Pippin and Louis, received, the former 
Aquitania, the latter Bavaria, Bohemia, Carinthia, 
and the subject Slavonic and Avar territories. This 
arrangement was resented by Bernard, king of Italy, 
the emperor’s nephew, who forthwith rebelled. He 
was soon captured, and condemned to the loss of his 
sight, while his kingdom was transferred to Lothair, 
After the death of Bernard, the emperor, who was a 
man of a gentle and sensitive temper, bitterly repented 
the harsh punishment which he had sanctioned, and, 
being further depressed by the death of his first wife, he 

1 The present courtesy title borne by the eldest son of the earl 
of Rosslyn was taken from Loughborough in Surrey, in 1795, 
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roposed to resign the crown and retire to a monastry. 

e was induced to abandon this intention, and (in 819) 
to marry Judith, the beautiful daughter of Count Welf 
of Bavaria. In 829 he made a new division of the em- 
pire in favor of Charles (afterwards Charles the Bald), 
a son by his second wife. The three brothers, deeply 
dissatisfied, combined to declare war against him, and 
at Compiégne he was taken prisoner. ‘The empress 
Judith was condemned to the cloister for alleged infi- 
delity to her husband, and Louis was virtually deposed. 
Pippin and the younger Louis, suspecting that Lothair 
meant to usurp exclusive authority, changed their 
policy, and at a diet in Nimeguen the emperor was 
restored. Soon afterwards he provoked fresh disturb- 
ance by granting Aquitania, the territory of Pippin, 
to Charles, and in 833 the army of the three brothers 
confronted that of their father near Colmar. When 
Louis was negotiating with Pope Gregory IV., who had 
crossed the Alps in the hope of restoring peace, his 
troops were persuaded to desert him, and on the Liig- 
enfeld (‘‘the field of lies’’) he was obliged to surrender 
to his sons. The empress was sent to Italy, her son to 
the monastery of Priim, and at Soissons Louis not only 
abdicated, but made public confession of his sins, a long 
list of which he read aloud. Again the arrogance of 
Lothair awoke the distrust of his brothers, and they 
succeeded in reasserting the rights of the emperor, 
whose sufferings had excited general sympathy. He 
went through the ceremony of coronation a second time, 
and Lothair found it necessary to confine himself to 
Italy. After the death of Pippin in 838 Louis proposed 
a scheme by which the whole empire, with the excep- 
tion of Bavaria, would have been divided between 
Charles and Lothair, to whom the empress had been 
reconciled. The younger Louis prepared to oppose this 
injustice, and he was supported by the people of 
Aquitania in the interest of Pippin’s sons. A diet was 
summoned at Worms to settle the dispute, but before it 
met the emperor died on an island in the Rhine near 
Mainz, on the 20th of June 84). He had capacities 
which might have made him a great churchman, but 
as a secular ruler he lacked prudence and vigor, and his 
mismanagement prepared the way for the destruction 
of the empire eases by his father. His son Lothair 
J. succeeded to the imperial title. 

See Funck, Ludwig der Fromme, 1832; and Simson, Jahr- 
biicher des Frankischen Reiches unter Ludwig dem Frommen, 
1874-76. 

LOUIS IL., Roman emperor, grandson of the pre- 
ceding, was born about 822 and crowned king of 
Lombardy in 844. From 849 he shared the imperial 
title with his father, Lothair IL, being crowned at 
Rome by Leo IV. in 850. He succeeded tothe undi- 
vided but almost entirely nominal dignity in 855. On 
the death of his childless brother, Lothair of Lor- 
raine, in 869, the inheritance was seized and shared 
by his uncles Charles the Bald and Louis the German ; 
the pope, however, espoused the cause of the emperor, 
crowning him king of Lorraine in 872. Louis IL 
died in 875, and the imperial crown was forthwith be- 
stowed on Charles the Bald. 

LOUIS IIL, Roman emperor, surnamed ‘‘the 
Blind,”’ was the son of Boso, king of Provence, and 
through his mother, grandson of the emperor Louis 
Il. He was born about 880, called to the throne of 
Provence in 890, and crowned emperor in succession 
to Berengar I. at Rome in 901. In 905, while residing 
at Verona, he was surprised by his discrowned rival, 
blinded, and ultimately sent back to Provence, where 
he lived in inactivity and comparative obscurity until 
929. 

LOUIS tHe Cup, though he never actually re- 
ceived the imperial crown, is usually reckoned as the 
emperor Louis III. or Louis TV. He was the son of 
the emperor Arnulf, was born in 893, and succeeded 
to the throne of Hast Francia or Germany in 900, 
when he was six years of age. During his brief reign 
Germany was desvlated by the Hungarians, who in- 
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vaded the country year after year, defeating every 
force that ventured to oppose them. At the same 
time the kingdom was weakened by internal strife. 
The result of the prevailing anarchy was that the im- 
perial constitution established by Charlemagne broke 
down, and Germany was gradually divided into several 
great duchies, the rulers of which, while acknowledg- 
ing the supremacy of the king, sought to become 
virtually ‘capaho Louis, the last of the Caroling- 
lan race in Germany, died in 91]. 

LOUIS IV. (or V.), ‘‘the Bavarian,’’ German 
king and Roman emperor, was born in 1286. He was 
the son of the duke of Bavaria, and in 1314, after the 
death of the emperor Henry VII., was elected to the 
throne by five of the electors, the others giving their 
votes for Frederick, duke of Austria. This double 
election led to a civil war, in which Frederick was sup- 
ported by the church and by many nobles, while the 
inhabitants of the great cities rallied round Louis. In 
1322 Louis gained the battle of Miihldorf, taking 
Frederick prisoner; but the war still went on. Pope 
John XXII. excommunicated Louis in 1324; where- 
upon, wishing to bring the conflict to an end, Louis 
offered to liberate Frederick on condition that he would 
withdraw his claim to the throne, and restore the 
cities and imperial lands seized by his party in Swabia. 
Frederick, finding that the obstinacy of his brother, 
Duke Leopold, would render it impossible to fulfil 
these terms, returned to captivity; and Louis was so 
touched by his magnanimity that he proposed that 
they should share the responsibilities of government. 
The plan was tried but did not succeed, and was vir- 
tually abandoned before Frederick’s death in 1330. 
In 1327 Louis had gone to defend his rights in Italy, 
where he was crowned emperor by Pope Nicholas ss 
whom he supported in opposition to Pope John XXII. 
Returning to Germany in the year of Frederick’s 
death, he made peace with the house of Austria, 
but John XXII. refused to be conciliated, and his 
successor Benedict XII., acting in part under the 
influence of France, continued the struggle. Irri- 
tated by the revival of papal pretensions which no 
longer commanded respect in Germany, the electors 
met at Rhense, and on the 15th of July 1338, issued an 
important declaration to the effect that the emperor de- 
rived his right to the German and imperial crowns, not 
from the pope, but from the electors by whom he was 
appointed. As the representative of national inde- 
pendence, Louis might have made himself one of the 
most popular of the emperors, but he excited bitter 
jealousies by his grasping and unscrupulous disposi- 
tion. By his marriage with Margaret, the sister of 
Count William of Holland, he secured Holland, Zea- 
land, Friesland, and Hainault; and he obtained the 
mastery of Tyrol by separating the heiress, Margaret 
Maultasch, from her husband, a son of John, the pow- 
erful king of Bohemia, and making her the wife of 
his own son Louis, to whom (in 1322) he had granted 
the march of Brandenburg. The enemies he thus 
created were reinforced by Pope Clement VI., who 
not only excommunicated him again, but (in 1346) 

ersuaded a party of the electors to appoint a new 
bene Their choice fell on Charles, margrave of Mora- 
via, the son of King John of Bohemia, who at once 
made an unsuccessful attempt to recover Tyrol. The 
outbreak of a new civil war was prevented by the sud- 
den death of Louis at a bear hunt near Munich, on the 
11th of October, 1347. The conflict between the 
papacy and the empire was practically closed during 
the reign of Louis, and he marked an epoch by his 
encouragement of the cities in opposition to the princes 
and nobles. 


See Mannert, Kaiser Ludwig IV., 1812; Fr. von Weech, 
Kaiser Ludwig der Baier und Konig Johann von Bohmen, 1860 5 
and Débner, Die Auseinandersetzung zwischen Ludwig IV. 
dem Baier und Friedrich dem Schonen von Oesterreich, 1875. 


LOUIS tae GERMAN, son of the emperor Louis I., 
was born in 804. In the first partition of the empire 
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in 817 he received Bavaria, Bohemia, Carinthia, and | 
the subject territories on his eastern frontier. Dis- 
om by later schemes of partition in favor of his 

alf-brother Charles, he associated himself with his 
brothers Lothair and Pippin against the emperor, and 
he was in the field in defence of his rights when his 
father died. After the emperor’s death in 840, Louis 
‘and Charles united against Lothair, whom they 
defeated in the battle of Kontenay, and in 843 Louis 
received by the treaty of Verdun the whole of Ger- 
many to the east of the Rhine, with Mainz, Spires, and 
Worms on the left bank. He was a wise and vigorous 
ruler, but his forces were inadequate. to protect the 
northern part of his kingdom against.the Norsemen, 
and he was not always successful in his wars with 
Slavonie tribes. In 858 he invaded West Francia, 
which he hoped to unite with Hast Francia, his own 
state; but Charles the Bald proved to be stronger than 
Louis had supposed, and he was obliged to retreat. 
When Lothair of Lorraine died in 869, his kingdom 
was seized by Charles, who caused himself to be 
crowned at Metz; but in the following year, by the 
treaty of Mersen, the eastern half of the country was 
ceded to Louis. Louis expected to receive the imper- 
ial crown after the death of the emperor Louis II. 
Charles, however, outwitted him, and Louis was 
attempting to avenge this supposed wrong when he 
died at Frankfort, on August 28, 876. Hast Francia 
and West Francia were again united under Charles the 
Fat; but, as Louis was the first sovereign who ruled 
over the Germans. and over no other Western people, 
he is generally considered the founder of the German 
kingdom. 


See Dimmiler, Geschichte des Ostfrainkischen Reichs, 1862. 


LOUIS L, king of France, surnamed Le Débonnaire 
or the Pious. See FRANcE, vol. ix. p. 471; GER- 
MANY, vol. x. p. 431; and Lours I., emperor, supra. 

LOUIS II., surnamed Le Bégue or the Stam- 
merer, the son of Charles I. (‘‘The Bald’’) by 
Irmentrud of Orleans, and the grandson of Louis 
the Pious, was born on November 1, 846. On the 
death of his elder brother Charles, the second son of 
Charles the Bald, he was consecrated king of Aqui- 
tania in 867, and ten years afterwards he suc- 
ceeded his father, being erowned by Hinemar of 
Rheims under the title of ‘‘ king of the French, by the 
mercy of God and the election of the people’? (Decem- 
ber 8, 877). In the following year (September 7) he 
availed himself of the presence of Pope John VILL. at 
‘Troyes to obtain a fresh consecration. He died at 
Compiégne, after a feeble and ineffectual reign of 
eighteen months, on April 10, 879. 

‘LOUIS III., son of the preceding by Ansgarde, 
daughter of Count Hardouin of Brittany, was born 
about the year 863, and in 879 was designated by his 
father sole heir to the French throne. _ It was decided 
among the nobles, however, that the inheritance 
Should be divided between Louis and his younger 
‘brother Carloman, the former receiving Neustria, or 
all France north of the Loire, and the latter Aquitania 
and Burgundy. On the Loire and elsewhere the two 

brothers inflicted several defeats on the Northmen 
(879-881) ;. but in 882 Louis succumbed to the fatigues 
of war, leaving his inheritance to Carloman. 

LOUIS TV., surnamed D’ Outremer (‘Transmarinus), 
son of Charles IIT. (‘‘ The Simple’’) and grandson of 
Louis IL., was born in 921. In consequence of the 
disasters which befell his father in 922, Louis was 
taken by his mother Odgiva, sister of Athelstan, to 
England, where his boyhood was spent,—a circum- 
stance to which he owes his surname. On the death 
of Raoul or Rodolph of Burgundy, who had been 
elected king in place of Charles, the choice of Hugh 
‘the Great, count of Paris, and the other nobles, fell 


upon Louis, who was accordingly brought over the 
annel and consecrated in 936. His de facto soy- 


ereignty, however, was confined to the countship_ 
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of Laon. In 989 he became involved in a struggle 
with Otto I. (‘‘The Great’’) of Germany about 
Lorraine, which had transferred its allegiance to him: 
the victory remained at last with the emperor, who 
married his sister Gerbergato Louis. After the death 
of William Longsword, duke ot Normandy, Louis en- 
deavored to strengthen his influence in the duchy by 
obtaining possession of the person of Richard the infant 
heir, but a series of intrigues resulted only in his own 
captivity at Rouen in 944, from which he was not 
released in the following year until he had agreed to 
surrender Laon to his powerful vassal Hugh the Great. 
By the interposition of Otto, the brother-in-law of 
Louis, Hugh, who for some years had effectually 
resisted both the carnal resources of the empire and 
the spiritual weapons of the church, was at last per- 
suaded to restore Laon. ‘I'he last years of this reign 
were marked by repeated Hungarian invasions of 
France. Louis died in 954, and was succeeded by his 
son Lothaire. 

LOUIS V., Le Fainéant, son of Lothaire and 
grandson of Louis LV., and the last of the Carolingian 
dynasty, was born in 966, sueceeded Lothaire in March 
986, and died in May 987. He was succeeded by 
Hugh Capet. 

LOUIS VLI., surnamed Le Gros, L’Eveillé, and Le 
Batailleur, the son of Philip I. of France and Bertha 
of Holland, was born about 1078, was associated with 
his father in the government in 1100, and succeeded 
him in 1108. For some account of his character, and 
of the events of his reign, see FRANCE vol. ix. pp. 475, 
476. He died on August 1, 1137. 

LOUIS VILI., Le Jeune and Le Pieux, son of Louis 
VI., was born in 1120, and was associated with his 
father on the death of his elder brother Philip in 113), 
being crowned at Rheims on October 25 by Pope Inno- 
cent II. He succeeded to the undivided sovereignty 
ib 1187, the news of his father’s death reaching him 
as he was engaged at Poitiers in the festivities con- 
nected with his unlucky marriage to Eleanor of Aqui- 
tania. In 1141 he made an unsuceessful attempt to 
assert his rights as duke of Aquitania over the count- 
ship of Toulouse, and in 1142 he fell into a vehement 
quarrel with Pope Innocent II., who had presumed too 
much on the piety of the well brought up young prince 
by appointing a nephew of his own to the archbishop- 
ric of Bourges. In the course of the contest Louis, 
who had been excommunicated, pursued the new 
archbishop into the territory of the count of Cham- 
pagne, and stormed Vitry, in the sack of which the 
cathedral was burned, causing the death of three hun- 
dred persons who had taken refuge within its walls 
(1143). Louis, horror-struck, made peace with the 
pope and his secular adversary, but found that nothing 
less than a pilgrimage to the Holy Land would suffice 
to expiate his offence. The capture of Edessa and the 
massacre of the Christians in 1144 led to the preaching 
of the second crusade by St. Bernard, and in 1147 the 
king, leaving the regency in the hands of the Abbé 
Suger-and Raoul, count of Vermandois, set out for the 
Hast, accompanied by his queen, a large company of 
nobles, and twenty-four thousand men. The disastrous 
results of the expedition, personal, domestic, and pub- 
lic, have already been recorded in the article FRANCE 
(vol. ix. p. 476), where also his long struggle with 
Henry iid of England, which terminated only in 1178, 
is briefly deseribed. In 1178 he made a pilgrimage to 
the tomb of St. Thomas of Canterbury on behalf of his 
eldest son Philip Augustus, then dangerously ill, and 
in the following year he associated him with himself 
in the sovereignty. Louis died on September 18, 


1180. 

LOUIS VIIL., surnamed Le Lion, born on Septem- 
ber 5, 1187, was the son of Philip Augustus, whom he 
succeeded in July, 1223. In 1200 he had married 
Blanche of Castile, the granddaughter of Henry LI. of 
England, and in virtue of this connection he received 
from the Knglish barons in 1216 an offer of the crown, 
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whi: he accepted. Landing in England in May, he 
achieved several military successes, but retired early 
in 1217; laterin the same year he renewed the attempt 
to make good his claims, but finally quitted Hnglish 
soil iu September. He next took charge of the war 
against ie Albigenses with varying success; it con- 
tinued after his accession to the throne, and ultimately 
proved fatal to him. He died, most probably of pes- 
tilence, shortly after the capture of Avignon, at Mont- 
pensier in Auvergne on November 8, 1226, and was 
succeeded by his son Louis LX. 

LOUIS IX., Sarnr (1215-1270). See Francn, vol. 
ix. pp. 478, 479. He was canonized by Boniface VIII. 
in 1297, and is commemorated in the Roman Catholic 
Church on August 25 or 26, He was succeeded by 
his son Philip IIT. 

LOUIS X., Le Hutin, was the eldest son of Philip 
IV. (the Fair) and Joan of Navarre, and was born in 
1289. He succeeded his mother in the kingdom of 
Navarre and countships of Champagne and Brie in 
1305. Historians are not agreed as to the origin of the 
surname (‘‘ The Quarreller’’) by which he is known 
in France, but it seems with most probability to com- 
memorate the wild and boisterous character of his 
youth. He succeeded his father in 1314, and died, 
after a short and unimportant reign of less than two 
years, in June, 1316. He was succeeded by his brother 
Philip V. 

LOUIS XI, son of Charles VII. and Mary of 
Anjou, was born at Bourges on July 3, 1423. His 
jealous, ambitious, and restless character early mani- 
fested itself in the attitude of opposition he assumed to 
his father’s mistress Agnes Soma, and in the part he 
took (1439) as leader of the ‘‘ Praguerie,’’ as the 
league formed by the nobles against the introduction 
of a standing army was called. Though pardoned by 
his father in 1440 after the failure of the attempt, he 
never thenceforward enjoyed any of his corte nna: 
He distinguished himself in the years immediately 
following in several military expeditions, but finally 


settled (1446) in his apanage of Dauphiné, where 
he acted with great independence, until in 1456 Charles, 
irritated by the intrigues of his son, intimated his in- 
tention of himself resuming the government of that 
province, Not waiting the arrival of the army which 
tad been sent to take possession, Louis fled for pro- 
tection to his uncle the duke of Burgundy, who as- 
signed him a pension and a residence at Nieppe near 
Brussels. ‘The death of Charles on July 22, 1461, per- 
mitted his return to France, where he was crowned at 
Rheims as Louis XI. in the following month. For 
the leading events of the three periods of his reign the 
reader is referred to FRANCE, vol. ix. pp. 487, 488. 
He died at Plessis-lés-Tours on August 30, 1483, and 
was succeeded by his son Charles VIII. 

LOUIS XII. was born at Blois in 1462. His father 
was Charles, duke of Orleans, the grandson of Charles 
VY. and the cousin of Charles VIL., who spent twenty- 
five years of captivity in Hngland, and ie still holds 
an honorable place on the roll of Hrench poets. Louis 
himself was for three years (1487-90) the prisoner of 
his second cousin, Charles VIII., in the castle of 
Bourges, but afterwards seconded his ambitious 
schemes faithfully and well, and on his death (1498) 
succeeded him, taking the titles of king of France, 
Jerusalem, and the two Sicilies, and duke of Milan. 
For the events of his reign see RaNcR, vol. ix. pp. 
489, 490. He died on January 1, 1515, and was suc- 
ceeded by Francis I. 

LOUIS XIIL., the son of Henry TV. and Mary de’ 
Medici, was born at Fontainebleau on September 27, 
1601, and sueceeded his father on May 14, 1610, his 
mother meanwhile availing herself of the confusion 
caused by the assassination to seize the regency. Vor 
some years the affairs of the kingdom were directed by 
the council of regency in which the Florentine Concini, 
created Marquis d’ Anere and a marshal of France, was 
the most prominent figure. After the assassination | 
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of D’Ancre in 1617, Marshal Luynes, the favorite of 
the weak young king, held the reins of power for 
about four years; his death of camp fever in the end 
of 1621, in the course of the Huguenot campaign, lett 
Louis free to assert his own independence, which he 
did by ¢arrying on the war with some yigor until its 
termination in the peace of Montpellier (1622), In 
1624 Richelieu entered the council oy ati and guided 
the affairs of Louis and of Mrance for the next eighteen 
years (see ’RANOK, vol. ix. pp. 500-508). Louis, who 
died at St, Germain-en-Laye on May 14, 1648, was 
married at the age of fourteen (December, 1615) to 
Anne of Austria, daughter of Philip LIL. of Spain; 
but his eldest son, who succeeded him as Louis XLV., 
was not born until twenty-three years afterwards, 

LOUIS XIV., surnamed Le Grand, the elder son 
of the preceding, was born at Saint-Germain-en-Laye 
on September 16, 1638, succeeded to the throne of 
France in his fifth year, was declared of age in Sep- 
tember, 1651, and was crowned on June 7, 1654. Tis 
marriage with the infanta Maria Theresa of Avstria, 
daughter of the Spanish Philip [V., was solemn.zed at 
St. Jean-de-Luz on June 9, 1660, On the death of 
Mazarin in 1661 Louis XLV, began his true reign, the 
leading events of which will be found recorded in the 
article RANE (vol. ix. p. 506-515). Te died a, Ver- 
sailles on September 1, 1715. Of his legitimate chil- 
dren by Maria ‘Theresa, only one, Louis the Dauphin 
Clade uk 1), reached manhood ; he was married to a 

Javarian princess by whom he had three sons—Louis 

the Dauphin, duke of Bureundy, who was the father 
of Louis XV.; Philip, duke of Anjou, afterwards 
Philip V. of Spain; and Charles, duke of Berri. 

LOUIS XYV., great-grandson and successor of the 
preceding, born at Versailles on February 15, 1710, 
was the third son of Louis, duke of Burgundy. is 
father became dauphin in 1711, and died in 1712, and he 
himself sueceeded to the throne of Mrance on Septem- 
ber 1, 1715. His majority was declared in Vebruary 
1723, and on September 5, 1725 (his cousin, to whom 
he had been engaged since 1721, having been sent back 
to Spain), his marriage to Maria Leezinski of Poland, 
his senior by seven years, was solemnized at Montaine- 
bleaun. ‘This union continued to subsist after a fashion 
until the queen’s death in 1768; but the successive re- 
lations of the king with De Chateauroux, De Pompa- 
dour, and Du Barry are elements of much greater in- 
terest and importance to the student of his reign, His 
siapame of ‘Le Bien-aimé”’ is said to date from 
August 1744, when he was seized with a dangerous 
illness at Metz; the people of Paris rushed in erowds 
to the churches to pray for his recovery, nor could they 
sleep, eat, or enjoy any amusement. until the “ bat 
beloved king’’ was out of danger, He died of small- 
pox on May 10, 1774, having been predeceased for 
some years by his only son Louis, His successor was 
his grandson Louis XVI. Vor his reign see RANGE 
(vol, ix. pp. 515-522), 

LOUIS XVI., third son of Louis the Dauphin, and 
grandson of Louis XV., was born at Versailles on Au- 
gust 23, 1754, was married to Marie Antoinette, arch- 
duchess of Austria, at Versailles, on May 16, 1770, 
sueceeded his grandfather on May 10, 1774, and was 
beheaded on January 21, 1793. See BRanon (vol. ix. 
pp. 528-582), ‘ 

LOUIS XVI, titular king of Mrance, the third son 
of Louis XVI. and Marie Antoinette, was born at 
Versailles on March 27, 1785, became dauphin in June 
1789, was proclaimed king after the exeeution of his 
father, was recognized as such by the Governments of 
KHngland and Russia, but died in captivity in the Tem- 
ple, Paris, June 8, 1795. 

LOUIS XVIII, brother of Louis XVI., was the 
fourth grandson of Louis XV,, and was born at Ver= 
sailles on November 17, 1755, receiving at his birth the 
title of count of Provence, During the oarlier stages 
of the revolutionary struggle he showed considerable 
sympathy with the popular party, but in June 1791 
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he found it necessary to withdraw to Coblentz, and sub- 
sequently he took some part in the operations of the 
army of Oondé. He was at Hamm in Westphalia 
when the tidings of his brother's murder. arri vei. and 
lost no_time in proclaiming the succession of his nephew 
Louis XVII, himself being recognized as regent. In 
June 1795 he succeeded to the regal title; after gev- 
eral years of involuntary wandering he found an asylum 
in Kngland from October 1807 till April 1814, when he 
re-entered France, He only once left it again, during 
the “Tundred Days’’ (March to June 1815); his 
death took place at Paris on September 18, 1824, Mor 
his reign, see FRANCE (vol. ix. pp. 544,545). Te was 
succeeded by his brother Charles X. 
LOUIS-PHILIPPH, king of the French, was born 
at the Palais Royal, Paris, on October 6, 1773. His 
father was Louis-Philippe-Joseph, duke of Orleans, a 
descendant of the younger ten Sk of Louis XLV,, and 
by his mother he derived his origin from the Comte 


de Toulouse, the legitimized gon of Louis XTV. and | 


Madame de Montespan. 
title of duke of Valois; and after 1785, when his father 
succeeded to the Orleans title, he himself bore that of 
duke of Chartres. In 1781 Madame de Genlis was ap- 
pointed his ‘yvouverneur.’’ Irom 1789 onwards he 
manifested a sincere sympathy with the new ideas then 
gainiig currency, and in dine 1791 he joined at Ven- 
6me the regiment of dragoons of which he had been 
colonel since 1785. In 1792 he took part in the 
battles of Valmy and Jemmapes, holding high military 
rank under Kellermann and Dumouriez; in the 
following year he was prevent at the bombard: 
ment of Venloo and of Maestricht, and showed 
remarkable courage at Neerwinden.  Proseribed 
along with Dumouriez, he entered upon a period of 
twenty-one years of exile from France, spent partly in 
Switzerland and other Kuropean countries, partly in 
the United States and in the Spanish American colo- 
nies. By the execution of his father he became duke 
of Orleans in 1793; and he was married to Marie 
Amélie, daughter of Ferdinand IV. of Naples, at 
Palermo, on November 25, 1809. In April 1814 he 
returned to Paris, where his old military rank and the 
property of his father were restored to him; the 
‘Hundred Days” in 1815 condemned him to a re- 
newed but much briefer exile; during the reign of 
Louis XVILL. he was regarded with some jealousy by 
the court on account of his liberal opinions, but en- 
joyed greater favor under Oharles X.; immediately 
after the three days of July 1830 he was called to 
exercise the functions of “ lieutenant-general of the 
kingdom,’’ and on August 9 he accepted the title of 
king of the French, [or his reign see Mranow (vol, 
ix. p. 546, 547). Mscaping in disguise from Paris at 
the Revolution of 1848, heon March 3 reached Mng- 
land, where Claremont was his home until his death 
on August 26, 1850, | 

LOUISA (1776-1810), queen of Prussia, was born 
March 10, 1776, in Hanover, where her father, Duke 
Charles of Mecklenburg-Strelitz, was commandant, 
After the death of her mother, who was by birth a 
princess of Hegse-Darmstadt, she was entrusted to the 
care of a Vriulein yon Wolzogen, and afterwards to 
that of her grandmother, the landgravine of Hesse- 
Darmstadt. During the period of the revolutionary 
wars, she lived for some time with her sister Charlotte, 
the wife of Duke Frederick of Saxe-Hildburghausen. 
In 1793 she met at Frankfort the crown prince of 
Prussia, afierwards King Mrederick William [11., who 
Was 80 fi 

f her character, that he asked her to become his wife, 

n April 24 of the same year they were betrothed, 
and on the 24th of December they were married. 
queen of Prussia she commanded universal respect and 
affection, and nothing in Prussian history is more 
athetic than the petience and dignity with which she 


ore the sufferings inflicted on her and her family away ina succession of mir 


At his birth he received the | 


ascinated by her beauty, and by the nobleness 
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the battle of Jena she went with her husband to 
Konigeberg, and when the battles of Bylaw and 
Mriedland had placed Prussia absolitely at the marey 
of France, she made a personal appeal to Napoleon at 
his headquarters in ‘Tilsit, but without duces, Marly 
in 1808 sho accompanied the king from Memel to 
Konigsberg, whenee, towards the end of the year, 
she visited St, Petersburg, returning to Berlin on the 
23d of December 1800. During the war Napoleon, 
with ineredible brutality, attempted to destroy the 
queen's reputation, but the only effeet of hia charges 
in Prussia was to make her more deeply beloved. On 
the 19th of July 1810 she died in her husband's arma, 
while visiting her father in Strelitz. No other queen 
in modern times has been more sineerely mourned 
She was buried in the gardenof the palace at Charlot 
tenburg, where a beautifil mausoleum, containing i 
fine recumbent statue by Ruueh, was built over hor 
rave. Tn 1840 her husband was buried by her aide, 
Vhe Louisa Moundation (Luisenatift) for the education 
of girls wae established in her honor, and in t8t4 
Vrederiek William TEL, instituted the Order of Louten 
(Luisenorden), On the loth of Mareh 18760 the 
Prussian people celebrated the hundredth anniversary 
of her birth, and it was then decided to erect a statue 
of Queen Louisa in the Thiergarten ab Berlin, 

Seo Adami, Lutve, Kinigin von Prenasen, Thh ed, TA7hy 
Engel, Konigin Luise, VA705 Kluckhohn, Live, Konigin von 
Preniien, (S70; Momimeen and Troitsehkea, Konigin Dadae, 
IN76; in Bnglish, Wudson, Life and Times of Louisa, Queen 
of Prussia, VATA, 
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| OUISTANA, one of the Southern States of the 
4 American Union, situated on the lower mM 
' asad ype : ale T 
course and debouchement of the Mississippi 
river. It ia bounded 8. by the Gulf of Mexieo, W. by 
Texas, N. by Arkansas, and i. by Mississippi, Its 
western boundary is a line through the 
middle of Sabine lake and river, aa far 
north as the 62d parallel, whenee it follows 
the meridian of the point of intersection of the river 
with that parallel. The northern boundary is the par 
allel of 33°. The eastern boundary ia the mid-chiannel 
of the Mississippi river, as far south as the diet parallel, 
whence it follows that parallel eastward to the middle 
of Pearl river, and passes down that stream to the Gaile 
The area of the State, according to a late determina 
tion made by the Census Buronu, is 44,720 square 
miles, of which 1060 consists of land locked haya, 1700 
of inland lakes, and 540 of river surface, leaving 45,420 
square miles as the total land area of the State, 
The average clevation of the State is only 75 feat, 
and no part of it reaches 500 feet above gistiag 
sea-level, ‘The most elevated portion is ia 
near its northern border, The surfiece is naturally 
divided into two partethe upland, and the allavial 
and coast swamp regions. Mach of the larger strennis, 
as well as a large proportion of the smaller OneH, IH 
accompanied by a Volt of bottom land, of wreater or 
less width, lying low as regards the stream, and lable 
to overflow at times of high water, These bottom 
lands form collectively what is known ag the alluvial 
region. It extends in a broad belt down the Mis 
sissippt, from the mouth of the Ohio to the Gulf of 
Mexico, and up the Ouachita and its branches and the 
Red River, to and beyond the limits of the State. 
Tits breadth along the Mississippi within this State 
ranges from 10 to 50 or 60 miles, and that along the 
Red River and Ouachita has an average breadth of 10 
miles, Through its great flood-plain the Mississippi 
river winds upon the summit of a ridge formed by its 
own deposits. In each direction the country falls 
ior undulations, the sume 
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during the war between Prussia and Irance. After mits of the ridges being oceupied by the streams and 
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bayous. Nearly all of this vast flood-plain lies below 
the level of the high water in the Mississippi, and, were 
it not for the protection afforded by the levees, with 
which most of the course of the stream is lined, every 
considerable rise of its waters would imundate vast 
areas of fertile and cultivated land. 

Stretching along the coast, and extending inland to 
a varying distance, ranging from 20 to 50 or even 60 
miles, is a low, swampy region, the surface of which 
is diversitied only by theslight ridges along the streams 
and bayous which traverse it, by occasional patches of 
slightly elevated prairie, and by live oak ridges. It is 
in and along the borders of this coast swamp region 
that most of the sugar-cane and rice produced in the 
State are grown. 

The low regions of Louisiana, including the alluvial | 
lands and the coast swamps, comprise about 20,100 
square miles, or nearly one-half the area of the State. 
The remainder consists of uplands of prairie and forest. 
The borders of these uplands are generally defined by 


lines of bluffs of no great height. 

The principal rivers are the Mississippi, which flows 
nearly 600 miles through and along the. 
border of the State, the Red River, the 
Ouachita or Washita, Sabine, and Pearl, all which, | 
excepting the last, are navigable at all stages of the | 
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water. Besides those streams which may properly | 
be called rivers, the State is intersected by | 
‘“bayous,’’ several of which are of great im-| 


portance both for navigation and for drainage. | 
They may be characterized as secondary outlets 
of the rivers. Among them may be mentioned , 
Achafalaya Bayou, Bayou la Fourche, and Bayou | 
Boeuf. The signification of the name has, however, | 
been extended, so that many rivers in this region, par- 
ticularly if they have sluggish courses, are known as 
bayous. The alluvial portion of the State, particularly 
below the mouth of the Red River, is a perfect net- 
work of these bayous, which serve, in time of flood, to 
carry off the invading surplus waters. 

The lakes of the State are mainly comprised in three 
uae classes. First come the lagoons of the coast, 

akes. - ae d 

many of which are merely land-locked bays, 
whose waters are salt, and which rise and fall with the 
tides. Of this class are Pontchartrain, Borgne, Mau- 
yepas, and Sabine, and indeed all or nearly all those 
situated in the region of the coast swamps. ‘These are 
simply parts of the sea which have escaped the filling- 
in process carried on by the great river and the lesser 
streams. A second class, large in numbers but small 
in area, is the result of ‘‘ cut-offs’? and other changes 
of channel in the Mississippi, and, to a small extent, 
in the Red River. The part of the river left by this 
change of channel becomes gradually isolated from the 
stream by the deposit of silt along the borders of the 
latter, thus changing what were formerly windings of 
the river into crescent-shaped lakes. A third class 
may be mentioned, namely, those upon Red River and 
its branches which are caused by the partial stoppage 
of the water by the ‘‘raft’’ above Shreveport. ‘These 
are, of course, much larger at flood season than at 
other times, and, it may be added, have been much 
reduced in size by the cutting of a channel through 
the raft. 

The climate of the State is semi-tropical; the mean 
annual temperature ranges from 60° to 75°, 
changing approximately with the latitude. 
The mean temperature of the hottest month is about 
85°, while that of the coldest month ranges in different 
parts of the State from 45° to 60°. The temperature 
rarely, if ever, falls below 0° Fahr., while the hea of 
summer reach 105° insome parts. The rainfall is very 
heavy along the coast, exceeding 60 inches annually, 
but decreases inland, and is not more than 50 inches 
in the northern districts. 

This large amount of moisture, together with the 
high temperature and the fertile soil, suffices 
to cover the greater part of the State, and 
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future to form an important element of its 
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particularly the alluvial regions and the coast swamps, 
with the most luxuriant sub-tropical vegetation, both 
arborescent and herbaceous. Much of the latter re- 
gion is covered with lofty cypress trees, from which 
hang testoons of Spanish moss. The most common 
species of the alluvial regions and the drier portions 
of the coast swamps are live and other species of oaks, 
sweet gum, magnolia, the tulip tree, black walnut, 
pine, and cedar. Along the streams in the alluvial re- 
gion are found willows, cotton-woods, basket oaks, and 
other species of similar habitat. For the beauty and 
fragrance of its flowers Louisiana is justly celebrated. 
Its bottom lands and its upland prairies are decked 
with them in tropical profusion. Prominent among 
them in abundance are roses, magnolias, jasmines, ca- 
mellias, and oleanders. Most fruits common to asemi- 
tropical region are to be found here, either native or 
cultivated, such as oranges, olives, figs, peaches, and 
plums. 

The forests cover a very considerable portion of the 
area of the State, and are destined in the 

Forests, 
wealth, although up to the present time the lumber 
interest has not been very extensively developed. The 
most valuable timber is that of the long-leaved pine 
(Pinus australis) and the short-leaved pine (Pinus 
mitis). These are mainly confined to the upland re- 
gions, being nowhere found in the alluvial or coast 
sections. The northwestern part of the State is oc- 
cupied by the short-leaved pine, while the long-leaved 
pine is found mainly in large masses north and south 
of the Red River and also in the east of the State.1 

The native fauna of the State resembles in its gen- 
eral features that of the other Gulf States. 
Large quadrupeds are comparatively rarely 
met with, although occasionally there are seen black 
bears and wolves, and in the swamps an occasional 
panther. Smaller quadrupeds, such as raccoons, squir- 
rels, wild cats, opossums, ete., are still common. 
Kyery bayou contains alligators; and reptiles of vari- 
ous species, such as turtles, lizards, horned toads, rat- 
tlesnakes, and moccasin snakes, are abundant. The 
avifauna of the State is varied and abundant, compris- 
ing eagles, vultures, hawks, owls, pelicans, cranes, 
turkeys, geese, partridges, ducks, etc., besides num- 
berless smaller species, many of these, as in other parts 
of the world in the same latitude, being brilliant of 
plumage, but harsh of voice. 

The surface geology in its general outlines is very 
simple. The whole alluvial region and 
the coast swamps, besides a considerable 
portion of the prairie and pine flats bordering upon 
the lowlands, are of the most recent or Quaternary 
formations, while the remainder of the State, com- 
prised mainly in the region west of the Ouachita and 
Caleasieu rivers, is Tertiary, with the exception of a 
few very small islands of the Cretaceous formation in 
northwestern part of the State. 

In the Tertiary region are found small quantities of 
iron ore, and an indifferent brown coal. 
But the only important mineral product 
of the State is rock salt; the deposit upon Petite Anse 
Island, in the coast swamp region, has been exten- 
sively worked, and produces a very high quality of 
salt. In 1880 its production was 312,000 bushels. 


The principal industry of the State is agrieulture, and in 
that cotton takes the first place. Out of a total ormowle 
area of tilled land of two and a half million toate. 
acres, more than one-third was planted in 1879 
with cotton. The total production was 508,569 bales, an 
average of .59 of a bale per acre, Louisiana stood.seyenth 
in the list of cotton-producing States, being exceeded by 


Fauna. 


Geology. 


Minerals. 


1 Of these two species of trees, Professor Sargent, of the United 
States Census Bureau, estimates that there were standing on 
June 1, 1880, 26,558,000,000 feet of the long-leaved and 21,625,000, 
The cut of the former for the 
census year was 61,882,000, and of the latter 22,709,000 feet, the 
total feet cut being but .2 per cent. of the amount standing. 
There is every probability, however, that the rate of destruction 
will increase greatly in the future. 
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_Mississippi, Georgia, Texas, Alabama, Arkansas, and South 


Carolina. The cotton crop is cultivated both in the allu- 
vial and the upland regions. In the former there were 
raised in 1879, 282,390 bales, on 364,790 acres, an average 
yield of .77 of abale. In the latter region 498,080 acres 
were planted, giving a total yield of 225,385 bales, an aver- 
age of .45 of a bale per acre. The great depth and fertility 
of the alluvial soils are strikingly illustrated by these 
average yields. In the coast swamp region but little cotton 


is cultivated,—the total yield in these parishes, as reported 


by the census, being but 794 bales. 
The production of otheragricultural products, as given by 
the census of 1880, is as follows :— 


POMMIMMAE SOL ccasstos shiv ovesea.cicrvss siveose sne'onavea's Soar 9,906,189 

tS 5 ssi sie *299°840 
Wheat... Phe 5. 034 
aes “(Ss “ahds. 17 o é 

sugar....... we. S. ( if) 

Buger-cane... {atolas asses.. “Gals. 11,696,248 
Sweet potatoes... ..Bush, 1,318,110 
RO aia tinevas ion bu aaee «» Ib 23,189,038 
REE Sean ch iuissd aapsts sshechesacseinja saaseonn, 55,954 


Rice is cultivated almost entirely in the lower coast region, 
on the margin of the swamps, upon their prairie islands, and 
in the alluvial region south of Red River. 

With the exception of its navigable streams, the State is 
not well supplied with the means of transpor- 
tation. The only railroads of importance are 
—the Chicago, St. Louis, and New Orleans, 
which connects New Orleans with Cairo, Illinois; the Lou- 
isiana and Texas Railroad (Morgan’s), which runs from 
New Orleans westward to Vermillionville, and thence 
northward to Cheneyville; the Louisiana Western Railroad, 
from Vermillionville to Orange in Texas; the New Orleans 
and Pacific Railroad, from New Orleans to Shreveport ; and 
the Vicksburg, Shreveport, and Pacific Railroad, running 
from Delta to Monroe. Besides these there are several 
minor lines. The total length of railroad is 6324 miles, 
and the cost of construction $44,869,342. The gross returns 
for 1880 were $3,238,318, and the net returns $984,497. 

Louisiana, like the other Southern States, has latterly 
made great advances in the manufacture of 
home products. In 1880 there were 120 looms 
and 6096 spindles, which used 1354 bales of 
raw cotton. 

The banking interest is not extensive, as will be seen 
Banki from the following statement, from the report 

m8- of the comptroller of the currency in 1880 :— 


Communi- 
cation. 


Manu- 
factures. 


Number. Capital. 

Wational banks, ...... 7 2,875,000 
State banks, . Seri SAO 3 2,723,698 
Private bankers, . ... 8 53,333 
SELENA och. isha lo) Kei 8s 58 18 $5;652,031 


The number and circulation of newspapers and period- 
icals for 1880 are as follows :— 


} Number. Circulation. 


Dailies,. . haas 13 38,765 
Weeklies, semi- “weeklies, ¢ ete, Sep Sls 97 ae 
| 


Monthlies, .. i eee’ 2 


According to the census of 1880, the population of the 


State was 939,946. This was divided nearly 
equally between the sexes, females being but 
slightly in excess. The proportion of the popu- 
lation which was of foreign birth was very small, being 


Popula- 
tion.. 


but 5.5 per cent., while in respect of race, the negro ele- 


ment outnumbered the whites, being 51.5 per cent. of the 
total population. The following table gives the number 
in each of the above classes :— 


VL Ce ver aariesnitss vases) 408; 704. |, WICC... .00<as 090 snseeee ave 

Female....... .-. 471,192 | Colored.. a5) 
Native... +e. 885,800 | Chinese. 489 
PIOVCIGM cscs cccccsccerescee 04,146 | Indian..,....ccseseceece 848 


The following table exhibits the growth of the State in 


population since it became a portion of the United States : 


23 


° 


Per cent, | Density per cent.) Densit 
ae do of of Popu- Popu-| of of Pope 
ation. Tnerease.| lation. lation.'Increase.| lation, 

aes de 1850|517,762 46.9 11.4 
99.7 3.4 |1860 708,002; 36.7 15.6 
41.0 4.7 |!1870)726,915} 2.6 16.0 
63.3 7.8 1880 aati 29.3 20.6 

{ 


The principal cities are New Orleans, with a popula- 
tion of 216,090; Shreveport, in the northwestern Corner, 
population 3009 ; and Baton Rouge, the State capital, 7197. 

The State is fairly well provided with the means Ks 
education. School attendance, however, is not 
very general. Out of a population of 330,930 
between the ages of six and sixteen, 78,528 were enrolled 
in publie schools, and the estimated average attendance 
was 50,248, or less than one-sixth. There are in the State 
seven colleges, with 49 instructors and 786 students. 

As in the other States of the Union, the government is 
distributed among the executive, legislative, 
and judicial departments. The executive is 
represented by the governor, lieutenant-gover- 
nor, secretary of state, State treasurer, auditcr of public 
accounts, attorney-general, and superintendent of instruc- 
tion—all these offices being elective, and the period of in- 
cumbeney four years. The legislative power is vested in 
a general assembly consisting of two branches, the lower 
one being the house of representatives and the upper one 
the senate. The members of the former body are elected 
every two years, and the number is by law never to exceed 
120 nor be less than 90. The members of the senate are 
elected for four years. The number of senators is fixed 
at 36, and the senatorial districts are apportioned according 
to the population. The judicial power is vested in a su- 
preme court, district and parish courts, and justices of the 
peace. The supreme court, except in cases specially pro- 
vided for by law, has appellate jurisdiction only. It is 
composed of one chief justice and four associate justices, 
These are appointed by the governor, by and with the ad- 
vice and consent of the senate, and hold office for a 
term of eight years. The State is divided by the legisla- 
ture into judicial districts, in each of which there is a 
district court. The number of districts in the State cannot 
by law be less than twelvenor more than twenty. The 
district judges are elected by the voters of the district, and 
hold office for four years. Each parish has its own court. 
The parish judge is elected by the voters of the parish, and 
holds his oflice for two years. In addition to this each 
parish elects acertain number of justices of the peace with 
power to try minor cases. The State is divided into fifty- 
eight parishes (equivalent to counties), and each of these 
into a certain number of police jury wards which are 
designated by their numbers. 

Louisiana is represented inthe National Congress by two 
senators who are chosen by the legislature of the State for 
a term of six years, and by six representatives who are 
chosen for a term of two years by the ypvere of the several 
representative districts. 

The following table, compiled from the returns of wealth, 
debt, and taxation of the tenth United States 
census, shows the financial condition of the 
State in 1880 :— 


Education. 


Adminis- 
tration, 


Finance. 


Valuation (Assessed)— 
Real estate.. ercece Pe eicien seer $122,862,297 
Personal property... + 87,800,142 
Debt— 
REPEL Ga svinchicqtty cok a2h GA ldsy earisdp bps sun snine’s od¥aa sshd 23,437,640 
Parish... 1,107,951 
WGUTOLDON ccc seclesaciuaresssssisassasriosinetiasttetasne'’s: | | LO; p a0 GOL 
Taxation— 
BELO le rapheetacse clan cas tinierolasucss ley pacesslasecdslclancers 1,171,084 
Parish... 710,573 
Municipal... 1 914,219 


History. —The ale nh a of the ji seslatstied of Louisi- 
ana forms one of the most interesting chapters 
in the annals of the country. It was first 
visited in 1541 by De Soto, of the Spanish Government 
service. This daring explorer, landing on the coast of 
Florida, made his way through the pathless forests and 
almost impassable swamps to the Mississippi, and even 
penetrated many leagues west of it, finally leaving his 
bones upon its shores. In 1673 Marquette and Joliet, 
starting from the settlements in Canada, descended the 
great river from Northern Illinois to the mouth of the 
Arkansas. In 1682 La Salle descended the Mississippi, also 
starting from the French settlements in the Canadas. He 


1 The capital was removed from New Orleans to Baton Rouge 
in 1880. ; 
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navigated the river from the mouth of the Illinois to the 
Gulf. Returning to France, he originated a scheme for 
colonizing the country, and succeeded in obtaining from 

rance the desired concessions, and in collecting a com- 
pany of colonists, which set sail from Rochelle on the 24th 
of July, 1684. Owing to the difficulty of obtaining correct 
longitudes at sea, the vessel missed the mouth of the Mis- 
sissippi, and finally landed on the shore of Matagorda Bay, 
in Texas, where they established a colony. From this 
point La Salle started to make his way overland to Canada, 
but was treacherously murderedby his companions. Shortly 
after his death the colony disappeared. 

The first successful attempt at settlement within the 
State was made by the French under the leadership of 
Iberville in 1700. The colony was located at a point on the 
Mississippi about 38 miles below the present site of New 
Orleans, now known as “ Poverty Point.” At first it was 
by no means prosperous, and it was only after the treaty 
of Utrecht thatit appears to have gained ground. At that 
time there were not over five hundred Europeans in the 
whole territory of Louisiana as then constituted; the 
greater part were in what is now the State of Louisiana, 
the others being scattered at a few little posts along the 
Mississippi and Illinois rivers. Immediately after the 
treaty of Utrecht the king of France granted the whole 
territory of Louisiana to Antoine Crozat, ceding to him all 
the territories watered by the Mississippi and its tribu- 
taries below the mouth of the Illinois, with all the privi- 
leges of. hunting, fishing, commerce, mining, ete., which 
might arise in this new territory. Crozat appointed 
Cadillac governor of the colony. Affairs, however, went 
badly under the new administration, and after a succession 
of governors, the whole district fell into the hands of John 
Law, the originator of the famous ‘ Mississippi scheme.” 
Desiring to control, among other commercial monopolies, 
the colony of Louisiana, Law found it an easy matter to 
obtain the charter and privileges from Crozat, who was 
only too glad to relinquish them in his fayor, A company 
was formed under the name of the ‘“ Western Company.” 
Grants made to it were for twenty-five years. Subseribers 
to the stock were allowed to pay three-fourths of the, pur- 
chase money in the depreciated bonds of France, one-fourth 
only of the subscription being asked forin coin. Bienville, 


brother of Iberville, and a man possessing great influence | 


in the colony, was appointed governor. One of his first 


acts was to found the city of New Orleans on its present | 


site. During the year 1718 7 vessels were 


sent out | 


with stores and emigrants, numberiug in all about 1500 | 


The following year 11 ships were despatched, and 
In 


persons, 
500 negroes from the Guinea coast were imported. 
1721 1000 white emigrants arrived, and 1367 slaves. 

In the meantime the Western Company had obtained 
from the regent power to join with it the East India 
Company grants, and its name was changed to that of the 
India Company. This inflated scheme burst in due time, 
but the misfortunes of the company did not check the 
prosperity of the colony. The year 1721, which was that 
following the financial ruin of the former, witnessed the 
greatest immigration to the colony wirich it had ever re- 
ceived. The company retained its organization and its 
grant of Louisiana until 1732, when the province reverted 
to the crown. At that time the population of the colony 
was said to have been 5000 whites and 2000 slaves; but a 
census taken fifteen years later shows a population of only 
4000 whites. 

In 1762, by a secret treaty, the province was trans- 
ferred from France to Spain. This treaty was not made 
public till a year and a half after it was signed, and 
Spain did not obtain possession until 1769. Meanwhile, 
in February, 1763, by a treaty made between France and 
Spain on the one hand and Great Britain and Portugal 
on the other, the portion of Louisiana lying east of the 
Mississippi from its source to the river Iberville, and 
thence along the middle of the Iberville and the lakes 
Maurepas and Pontchartrain to the sea, was ceded to Great 
Britain. In this treaty, by implication, Louisiana was 
made to extend to the sources of the Mississippi, and 
this is the view commonly held. The province was gov- 
erned by Spain till the year 1800, in the meantime mak- 
ing little or no progress owing to the narrow and op- 
pressive policy pursued towards it by the home govern- 
ment. By the treaty of 1783 with Great Britain, the 
United States were placed in possession of the eastern bank 
of the Mississippi river, as far down as the 31st degree of 
latitude, while Spain held possession of the other bank, 
and had complete possession of the river below the 31st par- 
allel. 

From the time of the first settlement in the valley of the 
Mississippi and its tributaries, the importance of the river 
as a means of transportation to the seaboard, and the almost 


' the Federal Government. 
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absolute necessity of possessing the country about its mouths, 
were recognized by the United States. As settlements in- 
creased in the valley and spread down the river, and as the 
hostile policy of Spain became more and more plainly 
developed, the feeling of the settlers became stronger 
against the restrictions’ of the Spanish Government. In 
1800, however, Spain ceded the territory back to France, 
and in 1803 it was sold to the United States by Napo- 
leon, in order to prevent it from falling into the hands of 
Great Britain. The price was 60,000,000 franes, with a 
stipulation that the United States should assume the claims 
of its citizens against France (French spoliation claims), 
which were estimated to amount to $3,750,000, The pro- 
vince which thus came into the possession of the United 
States was of vast though ill-defined territorial extent. 

In 1804 nearly all of what is now the State of Louisiana 
was erected into a territory, under the name of Orleans. 
In 1810 this was increased by the addition of the south- 
eastern portion, east of the Mississippi river, and in 1812 it 
was admitted as a State under its present name, and with 
its present boundaries. During the war with Great Britain, 
which followed shortly after, a battle was fought for the 
possession of New Orleans, between the British forces under 
Pakenham and the American army under Jackson, in 
which the former was signally defeated. Upto 1860 the 
development of the State was very rapid, especially in the 
direction of agriculture and commerce. 

Upon the outbreak of the civil war the State promptly 
joined its fortunes with the Southern Confederacy. Its act 
of secession from the Union was passed December 23, 1860, 
and from that time until the final suppression of the rebel- 
lion the State Government was in the hands of the Confeder- 
ates, although for the last two years of the war its terri- 
tory was held in the main by the Federal forces. In the 
early part of the war the State suffered but little, but in 
April, 1862, Admiral Farragut with a powerful fleet suc- 
ceeded in passing Forts Jackson and St. Philip, which de- 
fended the approaches to New Orleans, and captured the city, 
thus compelling the evacuation of the forts, The naviga- 
tion of the Mississippi being secured by this means and by 
operations from the north, the State was at the mercy of 
At the close of the war, on the 
reorganization of the State government, the administration 
fell into the hands of the ignorant negro classes led by un- 
scrupulous whites, and an unfortunate state of affairs 
ensued, which was brought to an end only by the arbitrary 
and forcible assumption of power by the better elements of ~ 
society. This occurred in 1877, and since that time the 
State has prospered markedly in all material materi ' 

Bea: 


LOUISVILLE, the sixteenth city of the United 
States in population, and the most important place in 
the State of Kentucky, is situated on the south bank 
of the Ohio river, in 38° 8’ N. lat. and 85° 307 W. 
long. The river is here interrupted by a series of 
rapids which, except at high water, oblige the steam- 
boat traffic to make use of the Louisville and Portland 
Canal (23 miles long, constructed in 1833). The city, 
which has an area of 13 square miles, and a water 
front of 8 miles, occupies an almost level site about 70 
feet above low-water mark. Its plan is regular and 
spacious, and in the residential portions the houses, 
for the most part, have lawns and gardens in front. 
Among the public buildings of importance may be 
mentioned the city-hall, the cour: aaa the public 
library, the female high-school, the industrial exhibi- 
tion building, the Roman Catholic cathedral, and the 
State school for the blind. 

From the time of the introduction of steam navigation 
upon the Ohio by Fulton in 1812, Louisville rapidly gain- 
ed in importance as acentre of river trade. Owing to its 
position at the ‘‘ falls of the Ohio,”’ which obstruction 
long made necessary the transfer of goods at this point, 
the city became an important depot of supplies for the 
cotton-growing States lying immediately to the south. 
The owners of plantations in those States devoted them- 
selves wholly to the culture of cotton, and relied upon 
Kentucky for supplies of wheat, Indian corn, oats, and 
the like cereals, for the hempen bagging and rope used 
in baling the cotton, and for mules and horses, large 
droves of which were annually driven south from 
Louisville. The city was also for many years one of the 
principal points in the United States for pork-pack- 
ing. 


_ decline of the river trade. 
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After the close of the civil war, the development of 
Kentucky, as of the South generally, entered new 
channels. Largely increased facilities of railway trans- 
portation, while bringing Louisville into more direct 
competition with Cincinnati, St. Louis, and Chicago, 
resulted in a marked increase of both its commercial 
and manufacturing interests, notwithstanding the 
The extensive tobacco 
crop of Kentucky, with much of that grown in neigh- 
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boring States, now finds a market at Louisville, 
instead of at New Orleans as formerly ; and it has be- 
come probably the largest market in the world for leaf 
tobaceo, 68,300 hogsheads of which, of an aggregate 
value exceeding $5,000,000, were sold here during 
1881. Thé manufacture of whisky is also important, 


this, with that of tobacco, paying to the Federal Gov- 
ernment nearly $3,000,000 annually in revenue taxes, 
Pork-packing employs a 


in the Louisville district. 
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Plan of Louisville. 


capital of $2,520,000, and the tanning of leather 
$1,704,000, this industry being twenty times larger 
than before the war, and the product, especially of sole 
leather, being in high demand. The manufacture of 
agricultural and mechanical implements employs 
$1,915,000 capital, the plough factories, which produce 
125,000 ploughs annually, being among the largest in the 
United States. Steam-power is chiefly employed, the 
available water-power of the rapids having been neg- 
lected. The greater part of the coal consumed by the 
factories is brought down the Ohio from Pittsburg. The 
mountainous eastern portion of the State, rich in vast 
deposits of both saat and iron, is now penetrated by 
several railroads, and others are being constructed, 
whose influence in developing this mineral wealth will 
add largely to the prosperity of the city. 

The reports of the United States census of 1880 give 
the following summary of the industries of the city :— 


1860. 1870. 1880. 
Number of establishments, . 436 801 1,191 
Number of hands employed, | __7,396 11,589 21,937 
Capital invested,. . . . .| $5,028,491 $11,129,291 | $20,864,449 
Wages paid,. ... 2,120,179 | 4,464,040} 5,765,387 
Value of material, . . 7,896,891 | 10,369,556 | 22,362,704 
Value of product, . | 14,185,517 | 20,364,650 | 35,908,338 


The Louisville and Nashville Railway, opened in 


1859, controls, under one management, nearly 4000 
_ miles of connected lines, reaching New Orleans, Pensa- 


cola, and Savannah. Various other lines contribute 
to make Louisville an important railway centre. 

A bridge across the river, 52184 feet long between 
abutments, with twenty-seven spans, and admitting the 
free passage of steamboats at high water, affords contin- 
uous railway transit, and connects the city with the thriy- 
ing towns of New Albany (population 16,423) and Jef- 
fergonville (population 9357), situated on the opposite 
bank of the Ohio, in the State of Indiana. A second 
railway bridge, having wagon-ways and foot-ways in 
addition, is now (1882) building. 

Louisville is provided with adequate water-works, 


gas-works, etc. The famous Dupont artesian well, 
2066 feet deep, has a flow of 330,000 gallons per day, 
with a force of ten-horse power, its water resembling 
slightly that of the Kissingen and Blue Lick (Ky.) 
springs. Although once regarded as unhealthy, the 
city has now an effective system of sewerage, and is in 
good sanitary condition. 

The public school system is sustained at an annual 
expense of over $300,000, abundant separate pro- 
vision being made for colored children. There are 
four medical colleges, having a large attendance and 
reputation, and numerous private seminaries and 
schools. Among the newspapers published at Louis- 
ville the Courier-Journal deserves mention both for 
its early connection with George D. Prentice, andas a 
leading representative of the best order of American 
journalism. There are four other dailies (two Hnglish 
and two German), besides thirteen weekly sheets. 

Louisville is a port of entry for foreign imports, 
which aggregate annually about $125,000. The city is 
roverned by a mayor, elected every third year, with a 
Foard of aldermen and a common council, the former 
containing one, and the latter two representatives of 
each of the twelve wards. The population in 1830 
was 10,341; in 1840, 21,210; in 1850, 43,196; in 
1860, 68,033 ; in 1870, 100,753; and in 1880 it was 
123,758. his last total includes 20,905 persons of 
color and 23,156 foreigners, the larger proportion of 
the latter being Germans. 


It was in 1778 that Colonel George Rogers Clarke, on his 
way down the Ohio, left a company of settlers who took 
possession of Corn Island (no longer existing), near the 
Kentucky shore above the falls ; and in the following year 
the first rude cluster of cabins appeared on the site of the 
present city. An Act of the Virginian legislature in 1780 
gave the little settlement the rank of a town and called it 
Louisville in honor of Louis XVI. of France, then assisting 
the American colonies in their struggle for independence. 
The rank of city was conferred by the Kentucky legisla- 
ture in 1828. 


LOULK, an old town of Portugal, in the district. of 
Faro and province of Algarve, is beautifully situated 
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inan inland hilly district about 5 miles to the north- 
west of the port of Faro. It is surrounded by walls 
and towers dating from the Moorish period, and the 
principal church is large and fine. The special indus- 
try of the place is basket-making. The population in 
1878 was 14,862. The neighboring church of Nues- 
tra Senhora da Pietade is a favorite resort of pilgrims. 

LOURDES, capital of a canton, and seat of the 
civil court of the arrondissement of Argelés, in the 
department of Hautes-Pyrénées, France, lies 12 miles 
by rail south-southwest of Tarbes, on the right bank 
of the Gave de Pau, and at the mouth of the valley of 
Argelés. It has grown up around what was originally 
a Roman castellum, and subsequently a feudal castle, 
eae ee) situated on the summit ofa bare scarped 
rock. Near the town are marble quarries employing 
six hundred workpeople; and forty slate quarries give 
occupation to two hundred and sixty more. The pas- 
tures of the highly picturesque neighborhood support 
the race of milch cows ach is most highly valued in 
southwestern France. The present fame of Lourdes 
is entirely associated with the grotto of Massavielle, 
where the Virgin Mary is believed in the Catholic world 
to have revealed herself repeatedly to a peasant girl in 
1858; the spot, which is resorted to by multitudes of 

ilgrims from all quarters of the world, is now marked 
Ve a large church above the grotto, consecrated in 1876 
in presence of thirty-five cardinals and other high 
ecclesiastical dignitaries. There isa considerable trade 
in rosaries and other ‘‘ objets de piété,’’ as well as in 
the wonder-working water of the fountain, for which 
a miraculous origin is claimed. Not far from the 
grotto of Massavielle are several other caves where 
prehistoric remains, going back to the Stone Age and 
the period of the reindeer, have been found. The 
population of Lourdes in 1876 was 5470. 

LOUSE, a term applied indiscriminately in its 
broad sense to all epizoic parasites on the bodies of 
other animals. T'rom a more particular point of view, 
however, it is strictly applicable only to certain of these 
creatures that affect the bodies of mammals and birds. 
The former may be considered as lice proper, the latter 
are commonly known as bird-lice (although a few of 
their number infest mammalia). Scientifically they 
are now generally separated into Anoplura and Mallo- 
phaga, although some authors would include all under 
the former term. In the article INsxrcts it has been 
shown that modern ideas tend towards placing the 
Anoplura as degraded members of the order Hemip- 
tera, and Mallophaga as equally degraded Pseudo- 
Neuroptera, according to the different formation of 
the mouth parts. Both agree in having nothing that 
can be termed a metamorphosis; they are active from 
the time of their exit from the egg to their death, 
gradually increasing in size, and undergoing § several 
moults or changes of skin; but it should be remem- 
bered that many insects of the hemimetabolic division 
would scarcely present any stronger indications of 
metamorphoses were it not for the usual outgrowth of 
wings, which are totally wanting in the lice. 

The true lice (or Anoplhura) are found on the bodies 
of many mammalia, and, as is too well known, occa- 
sion by their presence intolerable irritation. The num- 
ber of genera is few. Two species of Pediculus are 
found onthe human body, and are known ordinarily as 
the head-louse (P. capitis) and the body-louse (P. ves- 
timenti) ; some appear to recognize a third (P. tabes- 
centium), particularly affecting persons suffering from 
disease, burrowing (at any rate when young) beneath 
the skin, and setting up what is termed “‘ phthiriasis”’ 
in such a terrible form that the unhappy victims at 
length succumb to its attacks ; to this several historical 
personages both ancient and modern are said to have 
fallen victims, but it is open to very grave doubts 
whether this frightful condition of things was due to 
other than the attacks of myriads of the ordinary body- 
louse. PP. capitis is found on the head, especially of 
children. The eggs, laid on the hairs, hatch in about 
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eight days, and the lice are full grown in about a month. 
Such is the fecundity of lice that it is asserted by Leeu- 
wenhoek that one female (probably of P. vestimenti 
may in the course of eight weeks witness the birth ot 
five thousand descendants. Want of cleanliness un- 
doubtedly favors their multiplication in a high degree, 
but it is scarcely necessary here to allude to the idea 
once existing, and probably still held by the very igno- 
rant to the effect that they are directly engendered 
from dirt. The irritation is caused by the rostrum of 
the insect being inserted into the skin from which the 
blood is rapidly pumped up. Attempts have been 
made to prove that the head-louse (and, in a smaller 
degree, the body-louse) is liable to slight variation in 
structure, and also in color, according to the races of 
men infested. This was probably first enunciated by 
Pouchet in 1841, and the subject received more ex- 
tended examination by Andrew Murray in a paper pub- 
lished in the Zransactions of the Royal Society of Edin- 
burgh in 1861 (vol. xxii. pp. 567-577), who apparently 
shows that some amount of variation does exist, 
but there is yet need for further investigation. That 
lice are considered bonnes bouches by certain uncivilized 
tribes is well known. It would be out of place to dis- 
cuss here the possible interpretation of the Biblical ref- 
erence to “‘lice’’ (ef. Exodus viii. 16, 17). A third 
human louse is known as the ecrab-louse (Phthirius 
pubis); this disgusting creature is found amongst the 
hairs on other parts of the body, particularly those of 
the pubic region, but probably never on the head; al- 
though its presence may generally be looked upon as 
indicating dissolute association, it should not be re- 
garded as always resulting therefrom, as it may be ac- 
cidentally acquired by the most innocent. The louse 
of monkeys is now generally considered as forming a 
separate genus (Pedicinus), but the greater part of those 
infesting domestic and wild quadrupeds are mostly 
grouped in the large genus Haematopinus, and yery 
rarely is the same species found on different kinds of 
animals ; one species is found on the seal, and even the 
walrus does not escape, a new species (7. trichechi) 
having been recently discovered affecting the axillee 
(and other parts where the skin is comparatively soft) 
of that animal. 

The bird-lice (or Mallophaga) are far more numer- 
ous in species, although the number of genera is com- 
paratively small. With the exception of the genus 
Trichodectes, the various species of which are found on 
mammaiia, all infest birds (as their Knglish name im- 
plies). As the mouth parts of these creatures are not 
capable of being extended into a sucking tube, but are 
clearly mandibulate, it appears probable that they feed 
more particularly on the scurf of the skin and feathers ; 
nevertheless great irritation must be caused by their 
presence, for it is notorious that cage-birds, much in- ’ 
fested, will peck themselves to such an extent as to cause 
death in their endeavors to get rid of the parasites. 
Several hundred species are already known. Sometimes 
two or three species (ordinarily of different genera) 
infest the same species of bird, and the same species 
of louse is not often found in different birds, unless 
those latter happen to be closely allied. But in avia- 
ries and zoological gardens such cases do occasionally 
occur, as is natural under the circumstances. ‘These 
are analogous to the occasional presence of the flea of 
the cat, dog, domestic fowl, etc., on man; temporary 
annoyance is caused thereby, but the conditions are 
not favorable for the permanent location of the para- 
sites. Notwithstanding the marked preference heh 
by a special kind of bird-lice for a special host, there 
is also a marked preference shown be the individual 
species of certain genera or groups of lice for allied 
species of birds, which bears upon the question of the 
possible variation of human lice according to the race 
infested. ; 

Literature.—The following works are the most important : 


—Denny, Monographia Anoplurorum Britanniz, London, 
1843; Giebel, Insecta Epizoa (which contains the working- 
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up of Nitzsch’s posthumous materials), Leipsic, 1874; Van 
Beneden, Animal Parasites, London, 1876; Piaget, Les Pédi- 
culines, Leyden, 1880; Mégnin, Les Parasites et les Maladies 
Parasitaires, Paris, 1880. 


LOUTH, a maritime county in the province of 
Leinster, Ireland, is bounded on the N. E. by Car- 
lingford Bay and the county of Down, E. by the Irish 
Sea, 8. W. by Meath, and N. W. by Monaghan and 
Armagh. It is the smallest county in Ireland, the 
area comprising 202,124 acres, or 316 square miles. 

The greater part of the surface is undulating, with 
occasionally lofty hills; and in the northeast, on the 
borders of Carlingford Bay, there is a range of moun- 
tains approaching 2000 feet in height. Many of the 
hills are finely wooded, and towards the sea-coast the 
scenery, in the more elevated districts, is strikingly 
picturesque. The northern mountains are composed 
of felspathic and pyroxenic rocks. The lower dis- 
tricts rest chiefly on clay-slate and limestone. With 
the exception of the promontory of Clogher Head, 
which rises abruptly to a height of 180 feet, the sea- 
coast is for the most part low and sandy. ‘The narrow 
and picturesque bay of Carlingford is navigable beyond 
the limits of the county, and the bay of Dundalk 
stretches to the town of that name and affords con- 
venient shelter for a harbor. The principal rivers are 
the Fane, the Lagan, the Glyde, and the Dee, which 
all flow eastwards. None of these are navigable, but 
the Boyne, which forms the southern boundary of the 
oe is navigable for large vessels as far as Drog- 

eda, 

Agriculture.—In the lower regions the soil is a very 
rich deep mould, admirably adapted both for cereals 
and green crops. The higher mountain regions are 
covered principally with heath. Agriculture generally 
is in an advanced condition, and the farms are for the 
most part well drained. 


In 1880 there were 97,954 acres, or nearly one-half of the 
total area, under tillage, while 74,944 were pasture, 4585 
plantations, and 24,135 waste. The total number of hold- 
ings in 1880 was 8216, of which 1294 were less than 1 acre 
in extent. No less than 5340 were below 15 acres in ex- 
tent, and of these 2486 were between 5 and 15 acres. The 
following table shows the areas under the principal crops 
in 1855 and 1881 :— 


Oats. 
ad 
Potatoes. 
Turnips 
Crops. 
Meadow 
and Clover. 
Total. 


| Other Green 
| Flax. 


1855 | 9,674 | 38,530 | 22,028 
1881 | 3,382 | 26,543 | 20,620 


12,010 9,235 
11,356 9,906 


2,548 | 190 
1,696 | 1,307 


17,286 | 111,501 
22,581 | 97,391 


Between 1855 and 1881 horses have diminished from 
12,133 to 10,810, of which 7394 are used for agricultural 
purposes. The number of cattle has increased only slightly, 
from 32,107 to 34,739, of which 8728 are milch cows. Sheep 
in 1855 numbered 31,712, and 33,362 in 1881. Pigs in 1881 
numbered 10,471, and poultry 241,446. According to the 
last return the land was divided among 1279 proprietors, 
who possessed 200,287 acres, with an annual rateable value 
of £209,090, or 20s. 10d. per acre. Of the owners, 45 per 
cent. possessed less than 1 acre, and the average size of the 
properties was 156 acres. The largest proprietors were 
Lord Clermont, 20,369 acres; Viscount Masserene, 7193; 
A. Hf. Smith Barry, 6239; Colonel J. C. W. Fortescue, 5262 ; 
and Lord Bellew, 5109. 

Manufactures and Trade.—Sheetings and coarse linen 
cloth are manufactured in some places. Many of the in- 
habitants are engaged in deep-sea fishing, and there is a 
very valuable oyster fishery in Carlingford Bay. At Newry, 
Drogheda, and Dundalk a considerable coasting trade is 
carried on. 

Railways.—The county is intersected from north to 
south by the Dundalk and Belfast line, and the Irish 
North-Western line passes westwards from Dundalk to 
Enniskillen. 

Administration and Population —The county includes 6 
baronies, 64 parishes, and 674 townlands. It is in the 
northeastern circuit. Assizes are held at Dundalk, and 
quarter sessions at Ardee, Drogheda, and Dundalk. There 
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are ten petty sessions districts within the county and a 
portion of one. It includes portions of the three poor-law 
unions of Ardee, Drogheda, and Dundalk. With the ex- 
ception of Drogheda, which is in the Dublin military dis- 
trict, the county is in the Belfast military district; and 
there are barracks at Dundalk. Besides the two members 
at present returned by the county, and one member by each 
of the boroughs of Drogheda and Dundalk, Louth in the 
Irish parliament was represented by an additional member 
for each of the boroughs of Drogheda and Dundalk, and by 
two members for each of the boroughs of Ardee, Carling- 
ford, and Dunleer. The principal towns are Drogheda 
(14,662) and Dundalk (12,294). In 1760 the population 
was estimated at 67,572, which in 1841 had increased to 
128,347, but in 1851 had diminished to 108,018, in 1871 to 
84,021, and in 1881 to 78,228, of whom 38,241 were males 
and 39,987 females. From 1st May, 1851 to 31st December, 
1881, the number of emigrants was 33,521, a percentage of 
37.2 of the average population during that period. The 
marriage rate to every 1000 of estimated population in 
1880 was 3.4, the birth rate 23.5, and the death rate 21.4. 

History and Antiquities—In the time of Ptolemy, Louth 
was inhabited by the Voluntii. Subsequently it was in- 
cluded in the principality of Orgial or Argial, which com- 
prehended also the greater part of Meath, Monaghan, and 
Armagh. <A subordinate territory which included Louth 
was known as Hy-Conal and Machuire-Conal. The chief- 
tain of the district was conquered by John de Courcy in 
1183, and in 1210 that part of the territory now known as 
Louth was made shire ground by King John, and peopled 
by English settlers. Until the time of Elizabeth it was 
included in Ulster. 

In the county there are a large number of antiquarian 
remains of special interest. There are ruins of Druidical 
altars at Balrighan and Carrick Edmond, and of a Druidical 
temple at Ballinahatrey near Dundalk. The round tower 
at Monasterboice is in very good preservation, and there 
are remains of another at Dromiskin. The most remarka- 
ble cromlechs are those on Killin Hill and at Ballymas- 
eanlan. At Killin Hill there is an extraordinary fort 
called Faghs-na-ain-eighe, or “the one night’s work ;” and 
near Ballymascanlan is Castle Rath, surrounded by lesser 
raths, and having a remarkable tumulus in its vicinity. 
About 2 miles from Dundalk there is a very ancient struc- 
ture, the origin of which has been much discussed. Near 
Balrighan there is a curious artificial cave. A large num- 
ber of spears, swords, axes of bronze, gold ornaments, and 
other relics of antiquity have been discovered. There are 
a great number of Danish and other old forts. Originally 
there are said to have been no fewer than twenty religious 
houses within the county. Of these there are interesting 
remains at Carlingford; at Faughart, where is also to be 
seen St. Bridget’s stone and pillar; at Mellifont, the archi- 
tecture of which is specially beautiful and elaborate ; and 
at Monasterboice, where there are two crosses, one of 
which, St. Boyne’s, is the most ancient and most finely 
decorated in Ireland. 

LOUTH, a municipal borough and market-town of 
Lincolnshire, Hngland, is pleasantly situated on the 
river Lud, and on a branch of the Great Northern 
Railway, 25 miles east-northeast of Lincoln. By 
means of a canal, completed in 1763, at a cost of 
£28,000, there is water communication with Hull. 
The town is about a mile in length, and is well built 
and paved. The church of St. James, completed 
about 1516, in the Later English style, with a spire 
288 feet’ in height, is one of the finest ecclesiastical 
buildings in the county. There are an Edward VI. 
grammar school, which is richly endowed, a commer- 
cial school founded in 1676, and a national school. 
The other public buildings include a town-hall, a corn 
exchange, and a market-hall. In the vicinity are the 
ruins of a Cistercian abbey, founded in 1139. The 
industries include the manufacture of carpets, tanning, 
iron-founding, brewing, malting, lime burning, and 
rope and brickmaking. The population, which in 
1851 was 10,467, had increased in 1871 to 10,500, and 
in 1881 to 10,690. 


Louth is a corruption of Ludd, the ancient name of the 
river Lud. It received a charter of incorporation from 
Edward VI. In 1536 the town took part in the “ Pilgrimage 
of Grace,” on which account the vicar was executed at 
Tyburn. Alfred and Charles Tennyson were educated at 
the grammar school, and their little volume entitled Poems 
by two Brothers was published by a Louth bookseller, whose 
shop still exists. 
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LOUVAIN, a town of Belgium in the province of 
Brabant, 18 miles east of Brussels, on the Liége and 
Cologne Railway, and on the river Dyle. The popula- 
tion in 1880 was 34,700. Louvain possesses some fine 
specimens of Gothic art,—the town-hall, which displays 
a wealth of decorative architecture almost unequalled 
on the Continent, and the collegiate church of St. 
Pierre, with some fine sculptures and panels by Quentin 
Matsys. The general aspect of the town to the casual 
observer is dull and cheerless ; the newer portions, ex- 
tending between the town-hall and station, consist of 
broad streets of monotonous regularity, while the old 
medizeval quarter, despite its historic interest, is some- 
what dingy and lifeless. Louvain has a market for 
corn and cattle as well as for cloth wares; wood cary- 
ing is also carried on; but the chief industry of the 
locality is brewing, the Louvain beer, a lemon-colored 
frothy beverage, being held in high repute in the 
country. In the world of science Louvain holds hon- 
orable rank, haying a celebrated university, an academy 
of painting, a school of music, extensive bibliographic 
collections, a museum of natural history, and a botani- 
eal garden. The university, a stronghold of the Roman 
Catholic faith, was first instituted in 1425, and soon 
grew famous among the learned of all nations. In the 
15th and 16th centuries not less than six thousand 
students flocked thither yearly, and it became the 
nursery of many illustrious men. Swept away for a 
time by the first French Revolution, it was re-estab- 
lished in 1835; and though Jess conspicuous than in 
bygone ages, and more generally confined to the instruc- 
tion of the youth of Belgium, it is yet of considerable 
impcrtance in the country as the only Catholic uni- 
versity, and one of the main supports of the Conserva- 
tive party. 

Like Bruges and many other Flemish towns, Louvain 
was at one time a great and flourishing city, with a popu- 
lation of 200,000 souls, and one of the principal markets of 
the Continent. The turbulent spirit of the people, their 
frequent outbreaks against their rulers, and in particular 
the massacre of the patricians in 1378, were the chief causes 
of its decline. Duke Wenceslaus of Brabant, in a spirit of 
revenge after the last-mentioned rising, imposed so heavy 
taxes upon the people that they emigrated in large num- 
bers. A hundred thousand weavers left the country, carry- 
ing abroad, mainly to England, the secrets of their trade; 
and from that period the material prosperity of Louvain 
has steadily diminished. 


LOUVIERS, capital of an arrondissement in the 
department of Kure, France, is pleasantly situated, in 
a green valley surrounded by wooded hills, on the Kure 
(here divided into many branches), 71 miles west-north- 
west from Paris, and some 13 miles from Rouen and 
Evreux. The old part of the town, built of wood, 
stands on the left bank of the river; the more modern 
portions, in brick and hewn stone, on the right. There 
are seyeral good squares, and the place is surrounded 
by boulevards. The Gothic church of Notre Dame 
has a fine square tower, recently restored, and a portal 
which ranks among the richest and most beautiful 
works of the kind produced in the 15th century; it 
contains several interesting works of art. The chief 
industry of Louviers is the cloth and flannel manufac- 
ture. There are also nineteen wool-spinning mills, five 
fulling mills, and important thread factories ; and paper- 
making, tanning, currying and tawing, dyeing, and 
bleaching are also carried on. The town has a court 
of first instance, a tribunal of commerce, chambers of 
manufactures and agriculture, and a council of prud- 
hommes. The population in 1876 was 10,973. 


Louviers was originally a villa of the dukes of Normandy ; 
its cloth-making industry first arose in the beginning of 
the 18th century. 1t changed hands once and again during 
the Hundred Years’ War, and from Charles VII, it received 
extensive privileges, and the title of Louviers le France for 
the bravery of its inhabitants in driving the English from 
Pont del’Arche, Verneuil, and Harcourt. It passed through 
various troubles successively at the period of the “ligue du 
bien public” under Louis XI., in the religious wars (when 
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the parliament of Rouen sat for a time at Louviers), and in 
the wars of the Fronde. Its industries nevertheless de- 
veloped steadily; before the Revolution its production of 
cloth amounted to 3000 pieces annually, in 1837 the number 
had risen to 15,000, and it is still greater now. 


LOUVOIS, Franogots Micuen Le TeLirer, Mar- 
QUIS DE (1641-1691), the great war minister of Louis 
XIV., was born at Paris on January 18, 1641.- His 
father, Michel le Tellier, sprung from a bourgeois 
family of Paris, but had aitached Hii to the parle- 
ment of Paris, and married the niece of the chancellor 
Aligre. He won the favor of De Bullion, the spperin- 
tendent of finances, and through ‘him obtained the 
intendancy of Piedmont, where he made the aequaint- 
ance of Mazarin. He was Mazarin’s right hand 
through the troublous times of the Fronde, and was 
the medium of communication between him and the 
queen, when the cardinal was in nominal disgrace at 

riihl. He had been made secretary of state in 1643, 
and on the death of Mazarin was continued in his 
ofice. Like Colbertsand unlike Fouquet he recognized 
the fact that Louis intended to govern, and by humor- 
ing his master’s passion for knowing every detail of 
personnel and administration he gained great favor 
with him. He married his son to a rich heiress, the . 
Marquise de Courtenvaux, and soon began to instruct 
him in the management of state business. The young 
man speedily won the king’s confidence, and in 1666 
was made secretary of state for war in his father’s room. 
His talents were perceived by the great Turenne in the 
short war of: the Devolution (1667-68), who gave him 
instruction not so much in the art of war as in the art 
of providing armies. The peace of Aix-la-Chapelle 
signed, Louvois devoted himself to the great work of 
organizing the French army. ‘The years between 1668 
and 1672, says Camille Rousset, ‘‘ were years of prepa- 
tion, when Lionne was laboring with all his might to 
find allies, Colbert to find money, and Louvois soldiers 
for Louis.’’ Louvois’s work was not the least import- 
ant of the three. ‘Till then armies were either bodies 
of free lances collected round a particular general and 
looking to him for pay, or a sort of armed militia, who 
looked on soldiering as an interlude, not a profession. 
Louyois understood the new condition of things, and 
organized a national standing army. In his organiza- 
tion, which lasted almost without a change till the 
period of the French Revolution, the leading points 
must be noted. First among them was the almost 
forcible enrolment of the nobility and gentry of France, 
which St. Simon so bitterly complains of, and in which 
Louvois carried out part of Louis’s measure for curb- 
ing the spirit of independence by service in the army 
or at court. Then must be mentioned his elaborate 
hierarchy of officers, the grades of which with their 
respective duties he established for the first time, and 
his new system of drill, perfected by Martinet. Besides 
the army itself, he organized for its support a system of 
payment and commissariat, and a hospital system, which 
made it more like a machine, less dependent on the 
weather, and far superior to the old German system. 
Further, with the help of Vauban he formed a corps of 
engineers, and lastly, to provide the deserving with 
suitable reward, and encourage the daring, he reorga- 
nized the military orders of merit, and founded theHé6tel 
des Invalides at Paris. The success of his measures is to 
be seen in the victories of the great war of 1672-1678, in 
which his old instructor Turenne was killed. After 
the peace of Nimeguen in 1678, Louvois was high 
in favor, his father Michel le Tellier had been made 
chancellor, and his only opponent Colbert was in grow- 
ing disfavor. The ten years of peace between 1678 
and 1688 were distinguished in French history by the 
rise of Madame de Maintenon, the capture of Stras- 
burg, and the revocation of the edict of Nantes, in 
all of which Louvois bore a prominent part. The 
surprise of Strasburg in 1681 in time of peace, in pur- 
suance of an order of the chamber of reunion, was 
not only planned but executed by Louvois and Mon- 
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clar, and after the revocation of the Edict of Nantes 
he claims the credit of inventing the dragonnades. 
Colbert died in 1683, and had been replaced by Le 
Pelletier, an adherent of Louvois, in the controller- 
generalship of finances, and by Louvois himself in his 
ministry for public buildings, which he took that he 
might be the minister’ able to gratify the king’s two 
favorite pastimes, war and buildings. Louvois was 
able to superintend the successes of the first years of 
the war of 1688, but died suddenly of apoplexy after 
leaving the king’s cabinet on July 16, 1691. His sud- 
den death caused a suspicion of poison, and struck 
everybody with surprise. ‘‘He is dead,’’ writes 
Madame de Sevigné, ‘‘ that great minister, that im- 
portant man, who held so grand a position, and whose 
Moi spread so far, who was the centre of so much.” 
“ell the king of England,’”’ said Louis the next day, 
‘*that I have lost a good minister, but that his affairs 
and mine will go none the worse for that.’’ He was 
very wrong; with Louvois the organizer of victory 
was gone. Great war ministers ave far rarer than 
great generals. French history can only point to Car- 
not as his equal, English history only to the elder Pitt. 
The comparison with Carnot is an instructive one: 
both had to organize armies out of old material on a | 
new system, both had to reform the principle of ap- | 
poinging officers, both were admirable contrivers of 
campaigns, and both devoted themselves to the mate- 
rial well-being of the soldiers. But in private life the 
comparison will not hold; Carnot was a good husband, 
an upright man, and a broad-minded thinker and poli- 
tician, while Louvois married for money and lived 
openly with various mistresses, most notoriously with 
the beautiful Madame de Courcelles, used all means 
to overthrow his rivals, and boasted of having revived 
persecution in his horrible system of the dragonnades. 

The principal authority for Louvois’s life and times is | 
Camille Rousset’s Histoire de Lowvois, 4 vols., 1862-63, a great | 
work founded on the 900 volumes of his despatches at the 
Depot de la Guerre. Saint Simon from his class prejudices 
is hardly to be trusted, but Madame de Sevigné throws | 
many bright side-lights on his times. Vestament Politique 
de Lowvois (1695) is spurious. 


LOV AT, Sr1on Fraser, BARON, a famous Jacobite 
intriguer, executed for the part which he took in the 
rebellion of 1745, was born about the year 1676, and 
was the second son of Thomas, afterwards twelfth 
Lord Lovat. He was educated at King’s College, 
Aberdeen, and there seems reason to believe that he was 
there no negligent student, as his correspondence after- 
wards gives abundant proof, not only of a thorough 
command of good Hnglish and idiomatic)French, but 
of such an acquaintance with the Latin classics as to 
leave him never at a loss for an apt quotation from 
Virgil or Horace. Whether Lovat ever felt any real 
principle of loyalty to the Stuarts or was actuated 
throughout merely’ by what he supposed to be self- 
interest it is difficult to determine, but that he was a 
born traitor and deceiver there can be no doubt. One 
of his first acts on leaving college was to recruit three 
hundred men from his clan to form part of a regiment 
in the service of William and Mary, in which he him- 
self was to hold command,—his object. being, as he 
unhesitatingly avows, to have a body of’ well-trained 
soldiers under his influence, whom at a moment’s 
notice he might carry over to the interest of King 
James. Among other wild outrages in which he was 
engaged about this time was a rape and forced mar- 
riage committed on the widow of a previous Lord 
Loyat with the view apparently of securing his own 
succession to the estates; and it is a curious instance 
of his plausibility and power of influencing others 
that, after being subjected’by him to the most horrible 
ill-usage, the woman is said to haye ultimately become 
seriously attached to him. i 


A prosecution for his 
violence, however, having been instituted against him 
by Lady Lovat’s family, Simon found it prudent to 
retire first to his native strongholds in the Hichlacde 


| last outbreak of 1745. 
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and afterwards to France, where he at length found 
his way in July, 1702, to the court of St Germains. 
One of his first steps towards gaining influence there 
seems to have been to announce his conversion to the 
Catholic faith. He then proceeded to put the great 
project of restoring the exiled family into a practical 
shape. Hitherto nothing seems to have been known 
among the Jacobite exiles of the efficiency of the 
Highlanders as a military force. But Lovat, who was 
of course well acquainted with their capabilities, saw 
that, as they were the only part of the British popula- 
tion accustomed to the independent use of arms, they 
could be at once put in action against the reigning 
power. His plan thatefare was to land five thousand 
French troops at Dundee, where they might reach the 
northeastern passes of the Highlands in a day’s march, 
and be in a position to divert the British troops till the 
Highlands should have time to rise. Immediately 
afterwards five hundred men were to land on the west 
coast, seize Fort William or Iverlochy, and thus pre- 
vent the access of any military force from the south 
to the central Highlands. The whole scheme affords 
strong indication of Lovat’s sagacity as a military 
strategist, and it is observable that his plan is that 
which was continuously kept in view in all the future 
attempts of the Jacobites, and finally acted on in the 
The advisers of the Pretender 
seem to have been either slow to trust their astute 
coadjutor or slow to comprehend his project. At last, 
however, he was Heapatched on a secret mission to the 
Highlands to sound those of the chiefs who were likely 


‘to rise, and to ascertain what forces they could bring 
|into the field. 


He very soon found, however, that 
there was little disposition to join the rebellion, and he 
then made up his mind to secure his own safety by 
revealing all he knew to the Government of Queen 
Anne. Having by this means obtained a pardon for 
all his previous crimes, he was sent back to France to 
act as a spy on the Jacobites. On returning to Paris 


/suspicion soon got afloat as to his proceedings, and in 


the end he was committed close prisoner in the castle 
of Angowéme, where he remained for nearly ten 
years, or until November, 1714, when he made his 
escape to Hngland. For some twenty-five years after 
this he was chiefly occupied in lawsuits for the recoy- 
ery of his estates and the re-establishment of his 
fortune, in both of which objects he was successful. 
The intervals of his leisure were filled up by Jacobite 
and Anti-Jacobite intrigues, in which he seems to have 
alternately, as suited his interests, acted the traitor to 
both parties. But he so far obtained the confidence 
of the Government as to haye secured the appoint- 
ments of sheriff of Inverness and of colonel of an 
independent company. His disloyal practices, how- 
ever, soon led to his being suspected; and he was 
deprived of both of his appointments. When the 
rebellion of 1745 broke out, Lovat acted with his 
characteristic duplicity. He represented to the 
Jacobites—what was probably in the main true—that 
though eager for their suecess his weak health and 
advanced years prevented him from joining the stand- 
ard of the prince in person, while to the Lord Presi- 
dent Forbes he professed his cordial attachment to the 
existing state of things, but lamented that his head- 
strong son, in spite of all his remonstrances, had 
insisted on joining the Pretender, and succeeded in 
taking with him a strong force from the clan of the 
Frasers. The truth was that the poor lad was most 
unwilling to go out, but was compelled by his father 
to do so. Lovat’s false professions of fidelity did not 
of course long deceive the Government, and after the 
battle of Culloden he was obliged to retreat to some 
of the wildest recesses of the Highlands, after seeing 
from a distant height his proud castle of Dounie de- 
livered to the flames by the royal army. ven then 
however, broken down by disease and old age, carried 
about on a litter and unable to move without assist- 
ance, hig mental resources did not fail him; and in a 
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conference with several of the Jacobite leaders he 
proposed that they should raise a body of three thou- 
sand men, which would be enough to make their 
mountains impregnable, and at length force the Goy- 
ernment to give them advantageous terms. ‘The pro- 
ject, though by no means a chimerical one, was not 
carried out, and Lovat, after enduring incredible hard- 
ships in his wanderings, was at last arrested on an 
island in Loch Morar close upon the west coast. He 
was conveyed ina litter to London, and after a trial of 
five days sentence of death in ‘‘the ordinary brutal 
form peculiar to England ’’ was pronounced upon him 
on the 19th of March, 1747. His execution took place 
on the 9th of April following. His conduct to the 
last was dignified and even cheerful,—his humor, his 
power of sarcasm, and his calm defiance of fate never 
deserting him. Just before submitting his head to 
the block he repeated the line from Horace— 


“Dulce et decorum est pro patria mori.” 


LOVE-BIRD, a name somewhat indefinitely be- 
stowed, chiefly by dealers in live animals and their 
customers, on some of the smaller short-tailed Parrots, 
from the remarkable affection which examples of oppo- 
site sexes exhibit towards each other, an affection pop- 
ularly believed to be so great that of a pair that have 
been kept together in captivity neither can long sur- 
vive the loss of its partner. By many systematic or- 
nithologists the little birds thus named, brought almost 
entirely from Africa and South America, have been 
retained in a single genus, Psittacula, though those 
belonging to the former country were by others sepa- 
rated as Agapornis. This separation, however, was 
by no means generally approved, and indeed it was 
not easily justified, until Garrod (Proc. Zool. Society, 
1874, p. 593) assigned good anatomical ground, afforded 
by the structure of the carotid artery, for regarding 
the two groups as distinct, and thus removed what had 
seemed to be the almost unintelligible puzzle presented 
by the geographical distribution of the species of Psit- 
tacula in a large sense, though Professor Huxley (op. 
cit., 1868, p. 319) had indeed already suggested one 
way of meeting the difficulty. As the genus is now 
restricted, only one of the six species of Psittacula 
enumerated in the Nomenclator Avium of Messrs. 
Sclater and Salvin is known to be found outside of the 
Neotropical Region, the exceptional instance being the 
Mexican P. cyanopygia, and not one of the seven recog- 
nized by the same authors as forming the very nearly 
allied genus Urochroma. On the other hand, of Aga- 
porns, from which the so-called genus Poliopsitta can 
scarcely be separated, five if not six species are known, 
all belonging to the Ethiopian Region, and all but one, 


A. cana (which is indigenous to Madagascar, and, 


thenee has been widely disseminated), are natives of 
Afvica. In this group probably comes also Psrttinus, 
with a single species from the Malayan Subregion. 
These Old-World forms are the ‘‘Love-birds”’ proper ; 
the others scarcely deserve that designation, and still 
less do certain even smaller Parrots, the very smallest 
indeed of the Order Psittac?, included in the genera 
Cyclopsitta and Nasiterna, which are peculiar to the 
Australian Region, though on account of their dimin- 
utiye size they may here be just mentioned by name, 
but their real affinity remains to be determined. 


(A. N. 

LOVELACH, Ricrarp (1618-1658), English ae 
was born in 1618. On the father’s side he was a scion 
of a Kentish family, and inherited a tradition of mili- 
tary distinction, maintained by successive generations 
from the time of Edward III. His mother’s family 
was legal; her grandfather had been chief baron of 
the eet ust Loyelace’s fame has been kept alive 
by a few songs and the romance of his career, and his 
poems are commonly spoken of as careless improvisa- 
tions, and merely the amusements of an active soldier. 
But the unhappy course of his life gave him more 
leisure for verse-making than opportunity of soldier- 
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ing. Before the outbreak of the civil war in 1642 his 
only active service was in the bloodless expedition 
which ended in the Pacification of Berwick in 1640. 
By that time he was one of the most distinguished of 
the company of courtly poets gathered round Queen 
Henrietta, and influenced as a school by contemporary 
French writers of vers de société. Lovelace had prob- 
ably a more serious and sustained poetical ambition 
than any of them. He wrote a comedy, Zhe Scholar, 
when he was sixteen, and a tragedy, Zhe Soldier, 
when he was one and twenty. [rom what he says of 
Fletcher, it would seem that this dramatist was his. 
model, but only the spirited prologue and epilogue to 
his comedy have been preserved. When the rupture 
between king and parliament took place, Lovelace was 
committed to the Gatehouse at Westminster for pre- 
senting to the Commons a petition from Kentish roy- 
alists in the king’s favor. It was then that he wrote 
his most famous song, ‘‘'l’o Althaea from Prison.’’ He 
was liberated on bail of £40,000,—a sign of his im- 
portance in the eyes of the parliament,—and through- 
out the civil war was a prisoner on parole, with this 
security in the hands of his enemies. His only active 
service was after 1646, when he raised a regiment for 
the French king, and took part in the siege of Dun- 
kirk. Returning to Hiwland in 1648, he was again 
thrown into prison. During this second imprisonment, 
he collected and revised for the press a volume of occa- 
sional poems, many if not most of which had _pre- 
viously appeared in various publications. The volume 
was published in 1649 under the title of Zucasta, his 
poetical name—contracted from Laa Casta—for Lucy 
Sacheverell, a lady who married another during his 
absence in France, on a report that he had died of his 
wounds at Dunkirk. The last ten years of Lovelace’s 
life were passed in obscurity. His fortune had been 
exhausted in the king’s interest, and he is said to have 
been supported by the generosity of more fortunate 
friends. He died, according to Aubrey, ‘‘in a cellar 
in Longacre.’”’ A volume of Loyelace’s Posthwme 
Poems was published in 1659 by one of his brothers. 
They are of very inferior merit to his own collection. 


The world has done no injustice to Lovelace in neglect- 
ing all but a few of his modest offerings to literature. But 
critics often do him injustice in dismissing him as a gay 
cavalier, who dashed off his verses hastily and cared little 
what became of them. It isa mistake to class him with 
Suckling; he has neither Suckling’s easy grace nor his 
reckless spontaneity. We have only to compare the version 
of any of his poems in Lucasta with the form in which it 
originally appeared to see how fastidious was his revision. 
In many places it takes time to decipher his meaning. The 
expression is often elliptical, the syntax inverted and tor- 
tuous, the train of thought intricate and discontinuous. 
These faults—they are not of course to be found in his two 
or three popular lyrics, “Going to the Wars,” “To Althea 
from Prison,” “The Scrutiny’”’—are, however, as in the 
case of his poetical master, Donne, the faults not of haste 
but of over-elaboration. His thoughts are not the first 
thoughts of an improvisatore, but thoughts ten or twenty 
stages removed from the first, and they are generally as 
closely packed as they are far-fetched. Lovelace is not 
named by Johnson among the “metaphysical pocts,” but 
in elaboration of workmanship as well as in intellectual 
force he comes nearer than any other disciple to the founder 
of the school. His most far-fetched conceits are worth the 
carriage, and there is genuine warmth in them. The wine 
of his poetry is a dry wine, but it is wine, and not an arti- 
ficial imitation. His career as a dramatist was checked by 
the suppression of the stage; if he had been born thirty 
years earlier or thirty years later, Fletcher or Congreve 
would have had in him a powerful rival. The most recent 
edition of his poems is that by W. C. Hazlitt, in 1864. 


LOVER, Samurnt (1797-1868), novelist, artist, song- 
writer, and musician, was born in Dublin in 1797. His 
father was a member of the stock exchange. Lover 
began life as an artist, and was elected an academician 
of the Royal Hibernian Society of Arts—a body of 
which he afterwards became secretary. He acquired 
repute asa miniature painter; and a number of the 
local aristocracy sat to him for their portraits. His love 
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for music showed itself at a very early age. At a din- 
ner given to the poet Moore in 1818 Lover sang one of 
his own songs, which elicited special praise from Moore. 
One of his best-known portraits was that of Paganini, 
which was exhibited at the Royal Academy. He at- 
tracted attention as an author by his Legends and 
Stories of Ireland (1832), and was one of the first 
writers for the Dublin University Magazine. He went 
to London about 1835, where, among others, he painted 
Lord Brougham in his robes as lord chancellor. His 
varied gifts rendered him very popular in society; and 
he appeared often at Lady Blessington’s evening re- 
ceptions. There he sang several of his songs, which 
were so well received that he published them (Songs 
and Ballads, 1839). Some of them illustrated Trish 
superstitions, among these being ‘‘ Rory O' More,”’ 


The Angel’s Whisper,’’ ‘‘ The May Dew,” and ‘‘ The | 


Four-leaved Shamrock.’? In 1837 appeared Rory 
O’ More, a National Romance, which at once made 
him a great reputation as a novelist; he afterwards 
dramatized it for the Adelphi Theatre, London. In 
1842 was published his best-known work, Handy Andy, 
an Trish Tule. Meanwhile his multifarious pursuits 
had seriously affected his health; and in 1844 he gave 
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cotton consumed annually, 34,087 tons; clean wool, 
11,750,000 tb ; yards cotton dyed and printed, 97,240,- 
000; coal consumed, 80,000 tons. There are many 
secondary industries connected with the cotton manu- 
facture, including the making of machinery, elastic 
and leather goods, tools, boilers, ete., and also a num- 
ber of small factories for the production of cartridges, 
chemicals, wire cloth, paper, doors, sashes, blinds, and 
carriages. The Lowell machine-shop employs 1400 
men in the manufacture of machinery, and consumes 
9800 tons of iron and steel annually. Lowell has 90 
public day schools, 6 evening and 4 technical schools, a 
reform school, and 2 parochial schools. The principal 
public buildings are the city-hall, court-house, Middle- 
sex county jail, Green school-house, and St. John’s 
Hospital. There are 7 national banks with a total 
capital of $2,500,000, and 6 savings banks with deposits 
of $11,000,000. The religious congregations number 
35, all but three of which own their places of worship. 
The two largest Roman Catholic eiansice St. Pat- 
rick’s and the Church of the Immaculate Conception, 
are among the finest in the State. Seven railroads 
connect Lowell with the railroad system of the country. 


| The benevolent institutions include a home for young 


up writing for some time, substituting instead public | 


entertainments, called by him “‘ Irish Evenings,” illus- 
trative of his own works and his powers as a musician 
and composer. ‘These were very successful both in 
Great Britainand in America. In addition to publish- 


‘orphanages, and 3 hospitals. 


| high ¢ 


ing numerous songs of his own, Lover edited a collec- | 


tion entitled The Lyrics of Lreland, which appeared in | 


1858. He died on July 6, 1868. Lover was remarka- 


ble for his versatility ; but his fame rests mainly on his | 


songs and novels; the latter are full of sunny Ivish | 


humor, and teem with felicitous pictures of national 
life. Besides those already mentioned he wrote 7’reas- 
ure Trove (1844), and Metrical Talesand Other Poems 


(1860). 

LOWELL, the twenty-seventh city in population of 
the United States, in Middlesex county, Massachusetts, 
at the junction of the Concord and Merrimack rivers, 
26 miles northwest from Boston. It is often called the 
‘* Spindle City,’’ and the ‘‘ Manchester of America,”’ 
because of the extent of its cotton manufacture. The 
principal source of its water-power is Pawtucket Falls in 
the Merrimack, and steam is employed asan auxiliary to 
the amount of 19,793 horse-power. The first cotton- 
mill was started in 1823, when the place was the village 
of Hast Chelmsford. In 1826 it was made a town, and 
named Lowell in memory of Francis Cabot Lowell, from 
' whose plans it had been developed, but who died in 

1817. Tb was incorporated asa city in 1836. It origi- 
nally comprised 2885 acres, but by annexation from 
neighboring towns its area has been increased to 7615 
acres, or 11.8 square miles. ‘The population, which in 
1836 was 17,633, was 40,928 in 1870, and 59,475 in 1880 
(males, 26,855 ; females, 32,630), and in 1882 was esti- 
mated at 64,000. 

The following table shows the extent of the principal 
manufacturing companies in 1882 :— 


Estab Opera Bae 

Company. lished. Looms. Spindles. ies aoe 
Merrimac, . « . .| 1823 4,267 153,552 | 3,300 | 947,000 
Hamilton,. . . . .| 1825 | 1,597 | 59,816 | 1,387 | 364,000 
Appleton. . . - .| 1828 | 1,228 | 45,000 $20 | 285,000 
Rowell. .% . .| 1828 892 24,750 | 1,700 | 48,000 
Middlesex, .. . .| 1830 250 18,640 836 25,000 
Tremont and Suffolk, | 1882 | 2,700 94,000 | 1,500 | 550,000 
Lawrence, . 3 -< |. 1833 | 2,360 | 100,000 | 2,130 | 425,000 
AGC « 2 | 1836 8,600 | 127,000 | 1,875 | 650,000 
-Massachusetts, . . .| 1840 | 8,658 | 119,528 | 1,717 | 907,000 


The capital invested is $17,300,000 ; number of mills, 
153; spindles, 806,000; looms, 20,521; females em- 
ployed, 12,809; males, 9750; yards per year, cotton 
209,056,000, woollen 8,335,000, carpetings 2,700,000 ; 
shawls, 350,000; hosiery per year, 13,695,520 pairs; 


9 


women and children, and ene for aged women, 
There are 2 reading- 
rooms, 5 daily newspapers (one French), 6 weeklies, 
and 4 oe libraries. Lowell was early famed for the 

1aracter of its operatives, who for some years 
published a periodical of considerable literary merit 
called The Lowell Offering, which was, it is believed, 
the only publication of the kind ever sustained by 
workpeople. Many of the young women rose to posi- 
tions of prominence in American society, and at least 
one, Miss Lucy Larcom, is known to readers on both 
sides of the Atlantic by her contributions to leading 


| magazines. 


In 1843 Charles Dickens visited the place, and de- 
voted achapter of his American Notes to its praise. 
The manufacturers have from the first provided for the 
moral and social as well as the physical wellbeing of 
their operatives, so that labor troubles have been ex- 
ceedingly rare in Lowell. The corporation boarding- 
houses are model dwellings for the workpeople. The 
first blood shed in the American civil war was that of 
two Lowell young men, Luther C. Ladd and A. O. 
Whitney, who were killed by a mob while their regi- 
ment was passing through the streets of Baltimore, on 
the way to the defence of Washington, April 19, 1861. 
In their honor a granite monument has been erected 
in Merrimack Street, and in the same inclosure is a 
bronze statue of Victory by the German szulptor Rauch 
to commemorate the triumph of the Northern cause. 

The assessed valuation in May, 1881, was $42,785,434 
(an increase of $3,108,035 since 1879); the net debt 
December 31, 1881, was $1,992,868, of which $1,565,- 
539 was on account of the introduction of water in 
1873. . Lowell is divided into six wards, and is gov- 
erned by a mayor, a board of eight aldermen, and a 
common council of twenty-four members. 

LOWESTOFT, a watering-place, seaport, and 
market-town of Suffolk, England, is picturesquely situ- 
ated on a lofty declivity, which includes the most east- 
erly point of land in England, 23 miles southwest of 
Norwich by rail. Previous to the opening of a rail- 
way, it was only a small fishing village, but since then 
it has risen to some importance as a seaport, while its 

icturesque situation, and its facilities for sea-bathing, 
faye rendered it a favorite watering-place. The church 
of St. Margaret, in the Later hiaahah style, with 
tower and spire, possesses a very ancient font. There 
are a town-hall, a county-hall, two foundation schools, 
a large general hospital, and a number of charities. 
Along the shore there is a fine esplanade, and a new 

ark was opened in 1874. Two piers 1300 feet in 
ength inclose a harbor of 20 acres, which is much 
used as a harbor of refuge. For the last five years 
the average value of the foreign and colonial imports 


32 


has been over £100,000, and the exports have been 
valued at about £5000. The fisheries of Lowestoft are 
of some importance, and there are shipbuilding yards, 
oil and flour mills, and rope-works. ‘The population 
of the urban sanitary district in 1871 was 15,246, and 
in 1881 it. had increased to 19,597. 

LOWICZ, a town of Russian Poland, on the Bzura 
river, inthe government of Warsaw, 54 miles by rail 
west from the capital, on the line between Skiernewice 
and Bromberg. It has lately become a centre of man- 
ufacture and trade, and the population (6650 in 1872) 
is rapidly increasing. Its fairs are important as regards 
the trade in horses and cattle. In the immediate 
neighborhood are situated the hamlet Liezcowice, 
which has a beetroot sugar factory, and the rich es- 
tates Nieboron and Villa Arcadia of the Radziwill 
family. 

LOW'TH, Roperrt (1710-1787), bishop of London, 
was born at Buriton, Hampshire, or, according to other 
authorities, in the Close of Winchester, on November 
27, 1710. He was the younger son of Dr. William 
Lowth (1661-1732), rector of Buriton, a man of con- 
siderable learning, author of A Vindication of the 
Divine Authority and Inspiration of the Old and New 
Testuments (1692), Directions for the Profitable Read- 
ing of the Holy Scriptures (1708-26), and A Com- 
mentary on the Prophets (4 vols., 1714). Robert was 
educated on the foundation of Winchester College, and 
in 1730 was elected to a scholarship at New College, 
Oxford, where he took his degree of M.A. in 1737. 
In 1741 he was appointed professor of poetry, and it 
was in this capacity that he delivered the Prrelectiones 
Academice de Sauera Poesi Hebrworwm, afterwards 
published in 1753. Bishop Hoadly appointed him in 
1744 to the rectory of Ovington, Hampshire, in 
1750 to the archdeaconry of Winchester, and in 1753 
to the rectory of Hast Woodhay, also in Hamp- 
shire. In 1754 he received the degree of doctor of 
divinity from his university, and in the following year 
he went to Ireland along with the duke of Devonshire, 
then lord-lieutenant, as first chaplain. 
wards he declined a presentation to the see of Lim- 
erick, but accepted a prebendal stall at Durham and 
the rectory of Sedgfield. In 1758 he published his 


1762 by A Short Introduction to English Grammar. 


Soon after- | 


In 1765, the year of his election into the Royal Socie- | 
ties of London and Gottingen, he engaged in a hot! 


war of pamphlets with Warburton on a now obsolete 
question about the relations between the book of Job 
and the Mosaic economy; and (Gibbon being judge), 
‘‘whatsoever might be the merits of an _ insig- 
nificant controversy, his victory was clearly estab- 
lished by the silent confession of Warburton and his 
slaves.’’ In June, 1766, Lowth was promoted to the see 
of St. David's, whence about four months afterwards 
he was translated to that of Oxford,where he remained 
till 1777, when he became bishop of London. This 
last appointment he continued to hold until his death, 
having declined the archbishopric of Canterbury in 
1783. In 1778 appeared his last work, Jsaiah, a new 
Translation, with a Preliminary Dissertation, and 
Notes, Critical, Philological, and Explanatory. He 
died at Fulham on November 3, 1787. 


The Prelectiones exercised a great influence both in Eng- 
land and on the Continent. Their chief importance lay in 
the idea of looking at the sacred poetry as poetry, and ex- 
amining it by the standards applied to profane literature. 
Lowth’s esthetic criticism was that of the age, and is now 
in great part obsolete, a more natural method having been 
soon after introduced by Herder. The principal point in 
which Lowth’s influence has been lasting is his doctrine 
of poetic parallelism, and even here his somewhat mechani- 
cal classification of the forms of Hebrew sense-rhythm, as it 
should rather be called, is open to serious objections. The 
Prelectiones reached a second edition in 1763, and were re- 
published with notes by J. D. Michaelis in 1770; both text 
and notes were translated by G. Gregory (1787; 4th ed., 
1839). The Oxford edition of the original (1821) contains 


| gerous cannibals. 


| the book is now much less read than the Prelectiones. 
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additions by Rosenmiiller, Richter, and Weiss. The editions 
of Lowth’s Isaiah have been nuimerous (13th ed., 1842), but 
A 
volume of Sermons and other Remains, with memoir by Hall, 


| was published in 1834, and there is a comparatively recent 


edition of the Popular Works of Robert Lowth, 3 vols., 1843. 
LOYALTY ISLANDS, a group in the South Paci- 


fic, about 60 miles east of New Caledonia, consistin 

of Uveaor Uea (the northmost), Lifu, Toka and severa 
small islands, and Mare or Nengone. They are coral 
islands of comparatively recent elevation, and in no 
place rise more than 250 feet above the level of the sea, 
Lifu, the largest, is about 50 miles in length by 25 in 
breadth. Hnough of its rocky surface is covered with 
a thin coating of soil to enable the natives to grow 
yams, taro, bananas, ete., for their support; cotton 
thrives well, and has even been exported in small 
quantities, but there is no space available for its culti- 
vation on any considerable scale. Fresh water rising 
and falling with the tide, is found in certain large cay- 
erns, and, in fact, by sinking to the sea-level a supply 
may be obtained in any part of the island. The popu- 
lation, about 7000, is on the decrease. The island 
called Nengone by the natives and Mare by the inhabi- 
tants of the Isle of Pines is about 80 miles in circum- 
ference, and contains about 6000 souls. Uvyea, the 
most recent part of the group, consists of a circle of 
about twenty islets inclosing a lagoon 20 miles in width ; 
the largest is about 30 miles in length, and in some 
places 3 miles wide, and the next largest is about 12 
miles in length. The inhabitants, numbering about 
2500, export considerable quantities of cocoa-nut oil. 


The Loyalty islanders are classed as Melanesian; the 
several islands have each its separate language, and in Uvea 
the one tribe uses.a Samoan and the other a New Hebridean 
form of speech. Captain Cook passed to the east of New 
Caledonia without observing the Loyalty group; but it was 
discovered soon afterwards, and Dumont D’Urville laid 
down the several islands in his chart. For many years 
after their discovery the natives had a bad repute as dan- 
Christianity was introduced into Mare 
by native teachers from Rarotonga and Samoa ; missionaries 
were settled by the London Missionary Society at Mare in 
1854, at Lifu in 1859, and at Uvea in 1865; Roman Catholie 
missionaries also arrived from New Caledonia; and in 1864 


Soy pest es ne 5 i | the French, considering the islands a dependency of that 
Life of William of Wykeham, which was followed in | d m: ch 


colony, formally instituted a commandant. An attempt 


| was made by this official to put a stop to the English mis- 


sions by violence; but the report of his conduct led to so 
much indignation in Australia and in England that the 
Emperor Napoleon, on receipt of a protest from Lord Shaftes- 
bury and others, caused a commission of inquiry to be ap- 
pointed, and free liberty of worship to be secured to the 
Protestant missions. A new persecution of the Christians 
in Uvea, during 1875, called forth a protest on the part of 
the English Government, and matters appear to have since 
improved. 

See W. Gill, Gems from the Coral Islands, new edition, 1871 ; 
S. Macfarlane, Story of the Lifu Mission, 1873. 


LOYOLA, Ianattus DE, St. Inigo, the youngest 
son of Beltran de Loyola, was born in 1491 at the castle 
of Loyola, the family seat, situated on the river Urola, 
about a mile from the town of Azpeitia, in the province 
of Guipuzeoa, Spain. He died at Rome on July 31, 
1556, was beatified by Paul V. in 1609, and canonized 
along with Francis Xavier by Gregory XV. on March 
13, 1623, the bull being published by Urban VILL. on 
August 6. His festival (duplex) is observed on July 
31. See. JESUITS. 

LOZERKE, a department of Southeastern France, 
but belonging to the great central plateau, is composed 
of almost the whole of Gévaudan and of some parishes 
of the old dioceses of Alais and Uzés, districts all 
formerly included in the province of Languedoc. It 
lies between 44° 6” and 44° 58” N. lat., and between 2° 
58’ and 4° Hi. long., and is bounded on the N.W. by 
Cantal, on the N.E. by Haute-Loire, on the H. by 
Ardéche, on the 8.H. by.Gard, and on the 8.W. by 
Aveyron, having an extreme length of 65 miles, an ex- 
treme breadth of 50, and an area of 1996 square miles. 
Lozére is mountainous throughout, and its average 
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elevation makes it the highest of all the French de- 
partments. It has three distinct regions—the Ceven- 
nes to the southeast, the ‘‘causses’’ to the south- 
west, and the mountain tracts which occupy the rest. 
The Cevennes, forming the watershed between the 
Garonne and Loire basins to the west and that of the 
Rhone to the east, begin (within Lozére) with Mount 
Aigoual, which rises to a height of more than 5100 
' feet; parallel to this are the mountains of Bougés, a 
range between the rivers Tarn and ‘Tarnon, bold and 
bare on its southern face, but falling gently away 
with wooded slopes toward the north. ‘lo the north 
of the Tarn is the range of Lozére, including the 
peak of Finiels, the highest point of the depart- 
ment (5584 feet). Further on occurs the broad 
marshy plateau of Montbel, from which the water 
drains southward to the Lot, northwards to the 
Allier, eastward by the Chassezac to the Ardéche. 
From this plateau extend the mountains of La 
Margeride, a long series of undulating granitic table- 
lands, partly clothed with woods of oak, beech, and 
fir, a partly covered with pastures, to which the 
flocks are brought up from Lower Languedoc in sum- 
mer. The highest point (Mount de Randon) is 5098 
feet. Adjoining the Margeride hills on the west is 
the volcanic range of Aubrac, an extensive pastoral 
district, where horned cattle take the place of 
sheep; the highest point is 4826 feet. The ‘‘ caus- 
ses’’ of Lozére, having an area of about 483 square 
miles, consist of extensive calcareous tracts, fis- 
sured and arid, but separated from each other 
by deep and well-watered gorges, whose fresh- 
ness and beauty are in pleasant contrast with |/ 
the desolate aspect of the plateaus. The ‘‘ causse ”’ 
of Sauveterre, between the Lot and the Tarn, 
ranges from 8000 to 3300 feet in height; that of 
Méjean has nearly the same average altitude, but 
has peaks some 1000 feet higher. Between these 
two ‘‘causses’’ the Tarn flows through a series of 
landscapes which are among the most picturesque 
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There are about 20,000 Protestants. The arrondisse- 
ments are three (Mende, Florac, and Marvejols), the 
cantons twenty-four, and the communes one hundred 
and ninety-six. 

LUBECK, a free city of Germany, situated in 52° 
51” N. lat. and 10° 417 EK. long., on a gentle ridge be- 
tween the rivers Trave and Wakenitz, 10 miles S.W. 
of the mouth of the former, and 40 miles by rail N.E. 
of Hamburg. Old Liibeck, the chief emporium of 


the Slav inhabitants of Wagria (Hast Holstein), stood 
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Gard, the Céze, andthe Chassezac with its atHuent 
the Altier. The climate of Lozére varies greatly with the 
locality. ‘The mean temperature of Mende, the capital, 
is below that of Paris; that of the mountains is always 
low, but in the “‘ causses ’’ the summer is scorching and 
the winter severe ; in the Cevennes the climate becomes 
mild enough at their base (656 feet) to permit the growth 
of the olive. Rain falls in violent storms, causing dis- 
astrous floods. On the Mediterranean versant there 
are 78.7 inches, in the Garonne basin 45.5, and in that 
of the Loire only 27.95. The general character of the 
department is pastoral; only one-fourth of the area is 
oceupied by arable land; 91,500 acres are meadow, 
155,700 wood, and 90,000 chestnut plantation. The 
number of sheep (which is doubled in summer) is 
300,000; there are 50,000 head of cattle; and pigs, 
goats, horses, asses, and mules are also reared. Bees 
are also kept, and, among the Cevennes, silkworms. 
The export of chestnuts from the Cevennes is consider- 
able. Rye is the chief cereal; but oats, wheat, meslin, 
barley, and many potatoes are also grown. Great care 
is bestowed on cultivation in the valleys adjoining the 
Ardéche; fruit trees and leguminous plants are irri- 
gated by small canals (‘‘béals’’) on terraces which 
have been made or are maintained with much labor. 
The department yields argentiferous lead (Villefort), 
slates, and mineral waters, among which those of 
Bagnols are most frequented. The exploitation of its 
antimony, manganese, marble, and lithographic stones 
is undeveloped as yet. The tufa of Mende is well 
adapted for building purposes. The manufactures are 
unimportant. The population in 1876 was _ 138,319, 
having decreased by 5000 since 1801, and by a still 
greater number since the end of the 17th century. 
VoL, XV.—685 


on the left bank of the Trave, where it is joined by the 
river Schwartau, and was ultimately destroyed in 1138, 
Five years later Count Adolphus IL. of Holstein 
founded new Liibeck, a few miles farther up, on the 
peninsula Buku, where the deep current of the Trave 
is joined on the right by the Wakenitz, the broad emis- 
sary of the Lake of Ratzeburg. A most excellent 
harbor, well sheltered against pirates, it became almost 
at once a successful competitor for the commerce of 
the Baltic. Its foundation coincided with the begin- 
ning of the general advance of the Low German tribes 
of Flanders, Friesland, and Westphalia along the 
southern shores of the great inland sea,—the second 
great emigration of the colonizing Saxon element. In 
1140 Wagria, in 1142 the country of the Polabes 
(Ratzeburg and Lauenburg), had been annexed by the 
Holtszetas (the Transalbingian Saxons). From 1166 
onwards there was a Saxon count at Schwerin. Frisian 
and Saxon merchants from Soest, Bardewieck, and 
other lecalities in Lower Germany, who already navi- 
eated the Baltic and had their factory in the distant 
isle of Gothland, settled in the new town, where 
Wendish speech and customs never entered. About 
1157 Henry the Lion, duke of Saxony, forced his vas- 
sal, the count of Holstein, to giveup Liibeck; and in 
1163 he removed thither the tottering episcopal see of 
Oldenburg (Stargard), founding at the same time the 
dioceses of Ratzeburg and Schwerin. He issued the 
first charter to the citizens, and deliberately constituted 
them a free Saxon community having its own magis- 
trate, an inestimable advantage over all other towns 
of his dominions. He invited the traders of the towns 
and realms of the north to visit his new market free 
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of toll and custom, provided his subjects were promised 
similar privileges in return. From the very beginning 
the king of Denmark granted them a settlement for 
their herring fishery on the coast of Schonen. Adopt- 
ing the statutes of Soest in Westphalia as their code, 
Saxon merchants exclusively ruled the city. In con- 
currence with the duke’s reeve they recognized only 
one right of judicature within the town, to which 
nobles as well as artisans had to submit. Under these 
circumstances the population grew rapidly in wealth 
and influence by land and sea, so that, when Henry 
was attainted by the emperor, who had come in person 
to besiege Liibeck, Barbarossa, ‘‘in consideration of 
its revenues and its situation on the frontier of the 
empire,’ fixed by charter, dated September 19, 1188, 
the limits, and enlarged the liberties, of the free town. 
Evil times, however, were in store when the Hohen- 
staufen dynasty became more and more inyolved in its 
Italian projects. In the year 1201 Liibeck was con- 
quered by Waldemar II. of Denmark, who prided 
hiniself on the possession of such a city. But in 1223 
it regained its liberty, after the king had been taken 
captive by the count of Schwerin. In 1226 it was in- 
corporated as an independent city of the empire by 
Frederick IT., and took an active part with the enemies 
of the Danish king in the vietory of Yornhéyd, 1227, 
The citizens, distinguished by the firmness and wisdom 
with which they pursued their objects, and fully con- 
scious that they were the pioneers of civilization in the 
barbarian regions of the northeast, repelled the per- 
sistent encroachments of their dynastic neighbors alike 
in Holstein and in Mecklenburg. On the other hand 
their town, being the principal emporium of the Baltic 
by the middle of the 13th century, acted as the firm 
ally of the Teutonic knights in Livonia. Generation 
after generation of crusaders embarked to found new 
cities and new sees of Low German speech among alien 
and pagan races; and thus in the course of a century 
the commerce of Liibeck had fully supplanted that of 
Westphalia. In close connection with the Germans at 
Wisby, the capital of Gothland, and at Riga, where 
they had a house from 1231, the people of Liibeck 
with their armed vessels scoured the sea between the 
Trave and the Neva. They were encouraged by papal 
bulls in their brave contest for the rights of property 
in wrecks, and for the protection of shipping against 
pirates and slave-hunters. Before the close of the cen- 
tury the statutes of Liibeck were adopted by most 
Baltic towns having a German population, and Wisby 
raised her protest in vain that the city on the Trave 
had become the acknowledged court of appeal for 
nearly all these cities, and even for the German settle- 
ment in Russian Novgorod. In course of time more 
than a hundred places were embraced in this relation, 
the last vestiges of which did not disappear until the 
beginning of the 18th century. Hitherto only inde- 
pendent merchants, individual Westphalian and Saxon 
citizens, had flocked together at so many outlying 
posts. From about 1299 Liibeck presided over a league 
of cities, Wismar, Rostock, Stralsund, Greifswald, and 
some smaller ones, commonly called the Wendish 
towns. A Hansa of towns became heir to a Hansa of 
traders simultaneously on the eastern and the western 
sea, after Liibeck and her confederates had been ad- 
mitted to the same privileges with Cologne, Dortmund, 
and Soest at Bruges and in the Steelyards of London, 
Lynn, and Boston. Such progress of civic liberty and 
federal union held its own, chiefly along the maritime 
outskirts of the empire, rather against the will of king 
and emperor. Nevertheless Rudolf of Hapsburg and 
several of his successors issued new charters to Liibeck. 
Charles [V., who, like his son after him, deliberately 
opposed all confederacies of the Franconian and 
Swabian towns in Upper Germany, surrendered to 
the municipal government of Liibeck the little that 
remained of imperial jurisdiction by transferring to 
them the chief responsibility for preserving the public 
peace within the surrounding territories. Under these 
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circumstances the citizens, like independent members 
of the empire, stood valiantly together with their sister 
towns against encroaching princes, or joined the princes 
against the lawless freebooters of the nobility. As 
early as 1241 Liibeck, Hamburg, and Soest had com- 
bined to secure their common highways against robber 
knights. Solemn treaties to enforce the public peace 
were concluded in 1291 and 1338 with the dukes of 
Brunswick, Mecklenburg, and Pomerania, and the 
counts of Holstein. From Liibeck families, the de- 
scendants of Low German immigrants with a certain 
admixture of patrician and even junker blood, arose a 
number of wise councillors, keen diplomatists, and 
brave warriors to attend almost incessantly the many 
diets of the league, to decide squabbles, petty or grave, 
of its members, to interfere with shrewd consistency 
when the authorities in Flanders, or king and _parlia- 
ment in Kngland, touched their ancient commercial 
privileges, to take the command of a fleet against the 
kings of Norway or Denmark. Though the great 
federal armament against Waldemar IV., the destroyer 
of Wisby, was decreed by the city representatives as- 
sembled at Cologne in 1367, Liibeck was the leading 
spirit in the war which ended with the surrender of 
Copenhagen and the glorious peace concluded at Stral- 
sund on 24th May, 1370. Her burgomaster, Brun 
Warendorp, who commanded in person the combined 
naval and land forces, died bravely in harness. In 
1368 the seal of the city, a double-headed imperial 
eagle (which in the 14th century took the place of the 
more ancient ship), was expressly adopted as the 
common seal of the confederated towns (ecvitates mari- 
time), some seventy of which had united to bear the 
brunt of the strife. By and by, however, towards the 
end of the 15th century, the power of the Hanseatic 
League began slowly to decline, owing to the rise of 
Burgundy in the west, of Poland and Russia in the 
east, and the emancipation of the Scandinavian king- 
dom from the fetters of the union of Calmar. Still 
Liibeck, even when nearly isolated, strove manfully, to 
preserve its predominance in a war with Denmark 
(1501-12), supporting Gustavus Vasa in Sweden, lord- 
ing it over the north of Kurope during the years 1534 
and 1535 in the person of Jiirgen Wullenwever, the 


democratic burgomaster, who professed the most 


advanced principles of the Reformation, and engag- 
ing with Sweden in a severe naval war (1563-70). 
Before the end of the century the old privileges 
of the London Steelyard were definitely suppressed 
by Elizabeth. As early as 1425 the regular shoals 
of herring, a constant source of early wealth, began 
to forsake the Baltic waters. Later on, by the dis- 
covery of a new continent, general commerce was di- 
verted into new directions. Finally, with the Thirty 
Years’ War, misfortunes and ruin came thick. The 
last Hanseatic diet met at Liibeck in 1630, shortly 
after Wallenstein’s unsuccessful attack on Stralsund; 


and from that time merciless sovereign powers stopped 


free intercourse on all sides. Danes and Swedes bat- 
tled for the possession of the Sound and its heavy 
dues. The often-changing masters of Holstein and 
Lauenburg abstracted much of the valuable landed 

roperty of the city and of the chapter of Liibeck. 
Bil, towards the end of the 18th century, there were 
signs of improvement. Though the Danes tempora- 
rily occupied the town in 1801, it preserved its free- 
dom and gained some of the chapter lands when the 
imperial constitution of Germany was broken up by 
the Act of February 25, 1803. Trade and commerce pros- 
pered maryellously for a few years. But in November, 
1806, when General Bliicher, retiring from the ecatas- 
trophe of Jena, had to capitulate in the vicinity of 
Liibeck, the town was taken and sacked by the enemy. 
Napoleon annexed it to the empire in December, 1810. 
But it rose against the French, March 19, 1813, was 
reoccupied by them till the 5th December, and was 
ultimately declared a free and Hanse town of the Ger- 
man Confederation by the Act of Vienna, June 9, 1815. 
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The Hanseatic League, however, having never been 
officially dissolved, Liibeck still enjoyed its traditional 
connection with Bremen and les See In 1853 they 
sold their common property, the London Steelyard. 
Till 1866 they enlisted by special contract their mili- 
tary contingents for the German Confederation. Down 
to the year 1879 they had their own court of appeal at 
Liibeck. The town, however, joined the Prussian 
Customs Union as well as the North German Union 
in 1866, profiting by the final retirement from Hol- 
stein and Lauenburg of the Danes, whose interference 
had prevented as long as possible a direct. railroad be- 
tween Liibeck and Hamburg. ; 


Liibeck through many changes in the course of eight 
centuries has preserved its republican government. At the 
first rise of the town, justice was administered to the in- 
habitants by the vogt (reeve) of the count. Simultaneously 
with the incorporation by Henry the Lion, who presented 
the citizens with the privileges of mint, toll, and market 
of their own, there appears a magistracy of six persons, 
elected probably by the reeve from the schdffen (scabini, 
probi homines). The members of the town council had to 
be freemen, born in lawful wedlock, in the enjoyment of 
free property, and of unstained repute. Vassals or servants 
of any lord and tradespeople were excluded. A third of 
the number had annually to retire for a year, so that two- 
thirds formed the sitting, the other third the reposing 
eouncil. By the middle of the 13th century there were 
two burgomasters (magistri burgensium, magistri civium, pro- 
consules). Meanwhile the number of magistrates (consules) 
had largely increased, but was indefinite, ranging from 
twenty to forty and upwards. The council appointed its 
own oilicers in the various branches of the administration, 
—chancellor, chaplain, surgeon, stadesscrivere (recorders), 
notaries, secretaries, marshal, constable, keeper of the ord- 
nance, messengers, watchmen. In the face of so much 
self-government the vogt by and by vanished completely. 
He is by no means to be confounded with the rector, a 
neighboring prince, whom the Liibeckers occasionally 
adopted as their honorary guardian. There were three 
classes of inhabitants—full freemen, half freemen, guests 
or foreigners. People of Slav origin being considered un- 
free, all intermarriage with them tainted the blood. Hence 
nearly all surnames point to Saxon, especially Westphalian, 
and even Flemish descent. 

Since the end of the 13th century the city has been en- 


tered by the same gates and traversed by the same streets | 


as at the present day. Stately churches of the Gothic 


order in glazed brick rose slowly,—last not least St. Mary’s | 


or Die Rauthskirche close to the Rathhaus (town-hall) and the 
spacious market-place with its long rows of booths and the 
pillory. Within its precincts is the Dom (cathedral) dedi- 
cated to St. Nicholas, the patron saint of navigators; in 


Protestant times down to 1803 the secularized chapter was | 


generally presided over by a prince of the ducal house of 
Gottorp. There were magnificent convents of the Domi- 
nicans, the Franciscans, and the nuns of St. Clara. The 
population, when the city and the Hansa were in full power, 
about 1400, can searcely have been under 80,000. But such 
prosperity was not obtained by foreign commerce alone, 
though this was the occupation of the upper classes: the 
Junker or Zirkel company, a sort of patriciate (since 1379) ; 
the merchant company, also patricians, but mostly “ ren- 
tiers;” the “nations” of the Bergenfahrer, Schonenfahrer, 
Novgorodfahkrer, Rigafahrer, Stockholmfahrer. From the very 
beginning various tradespeople and handicraftsmen had 
settled in the town, all of them freemen, of German pa- 
rentage, and with property and houses of their own. 
Though not eligible for the council, they shared to a cer- 
. tain extent in the self-government through the aldermen 
of each corporation (amt, officium, guild), of which some 
appear as early as the statutes of 1240, and many more 
arise and disappear in course of time under authority of 
the council and the guidance of certain police magistrates 
(wetteherven). A number still exist, and own their old pic- 
turesque gable houses. The rolls of nearly all haye been 
kept most carefully. Naturally there arose much jealousy 
between the guilds and the aristocratic companies, which 
exclusively ruled the republic. After an attempt to upset 
the merchants had been suppressed in 1384, the guilds suc- 
ceeded under more favorable circumstances in 1408. The 
old patrician council left the city to appeal to the Hansa 
and to theimperial authorities. while a new council, elected 
chiefly from the guilds, with democratic tendencies, took 
their place. In 1416, however, there was a complete restor- 
ation, owing to the interference of the confederated cities 
aud of two kings of the Romans, Rupert and Sigismund. 
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The aristocratic government was expelled a second time 
when democracy and religious sectarianism got the upper 
hand under the dictatorship of Wullenwever, till the old 
order of things was once more re-established in 1535. 
Nevertheless the medizeval church had been finally sup- 
planted by the Lutheran Reformation, and the tendency to 
increase the political privileges of the commonalty ap- 
peared again and again. In the constitution of 1669, under 
the pressure of a great public debt, the seven upper compa- 
nies yielded to (8) the Gewandschneider (merchant tailors), 
(9) the grocers, (10) the brewers, (11) the mariners, and (12) 
the combined four great guilds, viz., the smiths, bakers, 
tailors, and shoemakers, a specified share in the financial 
administration. Nevertheless they continued to choose the 
magistrates by co-optation among themselves. Three of 
the four burgomasters and two of the senators, however, 
henceforth had to be graduates in law. Their constitution, 
set aside only during the French ascendency, has subse- 
quently been slowly reformed. From 1813 senatorial and 
civic deputies joined in the administration of an annual 
budget of income, expenditure, and public debt. But the 
reform committee of 1814, of which the object was to sub- 
stitute for the rule of the old companies a wider participa- 
tion of the citizens in their common affairs (most of the 
learned professions, many proprietors, and the suburban 
population being without any representation), had made 
very little progress, when under the pressure of the events 
of the year 1848, a representative assembly of one hundred 
and twenty members, elected by universal suffrage, ob- 
tained a place beside the senatorial government. By the 
constitution of the 29th December, 1851, the senate, for 
which all citizens above thirty years of age are eligible, 
has at present fourteen members. Eight must be taken 
from the learned professions, of whom six have to be law- 
yers, while of the rest five ought to be merchants. Every 
second year the offices and departments are redistributed, 
to be in most cases administered conjointly with deputies 
of the assembly. The president of the senate, chosen for 
two years, retains the old title of burgomaster. The mem- 
bers of the assembly, which participates in all public affairs, 
are elected for six years, ind must be summoned at least 
six times a year, while a committee of thirty members 
meets every fortnight simultaneously with the periodical 
sessions of the senate. These truly democratic institutions 
have been scarcely at all modified by the resuscitation of 
the German empire under the king of Prussia. But evi- 


| dently the ancient republic has lost some important attri- 


butes of a sovereign state by giving up its own military 
contingent, its right of levying customs, its coinage, its 
postal dues, its judicature, to the new national empire. On 
the other hand, it has preserved its municipal self-govern- 
ment and its own territory, the inhabitants of which now 
enjoy equal political privileges with the citizens. The 
territory, of about 5} German square miles (116 Eng. sq. 
m.), partly extends towards the mouth of the river Trave, 
where the borough of Travemiinde has been the property 
of Litheck since 1329, and partly consists of numerous vil- 
lages, manors, farms, and corn, pasture, and forest lands, 
scattered over the adjoining portions of the duchies of 
Holstein and Lauenburg. The manor and borough of 
Bergedorf on the Elbe, 15 German square miles, long held 
by Libeck in common with Hamburg, was ceded to the 
latter by treaty of 1st July, 1867. The Jands which remain 
to Libeck are thinly peopled, for, according to the census 
of 1875, of the total of 56,912 inhabitants 44,799 lived in 
Liibeck itself. The vast majority, 55,693, are Lutheran 
Protestants, whose service ‘continues in the magnificent 
city churches, the cathedral, two parishes at Travemtnde, 
and the four country parishes. A celebrated high school 
(gymnasium) is situated in the spacious buildings of St. 
Catharine, formerly the house of the Franciscans. The 
charitable institutions enjoy a large, well-administered 
property, chiefly the lands of the monastery of St. John and 
the hospital of the Holy Ghost. Since 1789 there has ex- 
isted a “Gesellschaft zur Beforderung Gemeinnitziger 
Thatigkeit,” with a branch union for the history and the 
antiquities of Libeck, which has collected a valuable mu- 
seum and promotes important historical publications, the 
materials of which are kept in the most unique municipal 
archives in existence. The income and expenditure of 
the Litibeck budget of 1881 balance with 2,739,382 marks ; 
the publie debt amounts to 23,804,913 marks. 

The manufactures of the town are numerous, but not 
large or important (woollen, linen, cotton, and silk goods, 
leather wares, hardware, tobacco, and preserves). The 
commerce, on the other hand, is considerable, the chief ex- 
ports being corn, cattle, wool, timber, and iron; while 
wines, silks, cottons, hardware, colonial products, and dye- 
stuffs are imported. There is regular steamship communi- 
cation with Copenhagen and the Baltic ports, and four lines 
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of railway converge in Ltibeck. Since the deepening of 
the Trave (1850-54) sea-going ships can come up to Liibeck 
itself; formerly they required to unload at Traveminde. 
In 1878 the local shipping of Lubeck amounted to 46 ves- 
sels of 10,223 aggregate tonnage (27 steamers, 1504 horse- 
power, 6463 tons). In 1877, 2302 vessels (981 steamers) with 
a tonnage of 301,910 entered, and 2332 vessels (979 steamers) 
with a tonnage of 307,567 cleared the port. 


See Codex Diplomaticus Lubecensis, 6 vols., 1848-81; C. W. Pauli, 
LDiibeckische Zustinde zum Anfang des vierzehnten Jahrhunderts, 1847 ; 
Waitz, Liibeck unter Jiirgen Wullenwever, 3 vols., 1855, 1856; W. 
Mansel's ‘‘ Liibeck,” in Bluntschli und Prater, Deutsches Staats- 
worterbuch, iv. p. 781; Wehrmann, Die dlteren Liibeckischen Zunft- 
rollen, 1872; D. Schafer, Die Hansestddte und Konig Waldemar von 
Dénemark, 1879. (R. P.) 


LUBLIN, a town of Russian Poland, capital of the 
province of same name, 60 miles southeast of War- 
saw, on the Bistrzyea, a tributary of the Wieprz. Itis 
the most important town of Poland after Warsaw and 
Lodz. It has an old citadel, many churches, and sey- 
eral educational and charitable institutions, and it is 
the see of a bishop. Lublin is one of the chief centres 
of the manufacture of thread-yarn and of linen and 
hemp goods (to the value of more than £250,000), as 
well as of woollen stuffs; there is also an active trade 
in corn and cattle. The three annual fairs have a cer- 
tain importance for the neighboring district. The 
population in 1873 was 28,900, and is rapidly increas- 
ing. 

The date of the foundation of Lublin is unknown, but it 
was in existence in the 10th century, and has a church 
which it is said to have been built in 986. During the 
time of the Jagellons it was the most important city be- 
tween the Vistula and the Dnieper, having 40,000 inhabi- 
tants (70,000 according to other authorities), and keeping in 
its hands all the trade with Podolia, Volhynia, and Red Rus- 
sia. Indeed, the present town is surrounded with heaps of 
ruins, which prove that it formerly covered a much larger 
area. But it was frequently destroyed by the inroads of 
Tartars and Cossacks. In 1568 and 1569 it was the seat of 
the stormy convention at which the union between Poland 
and Lithuania was decided. In 1702 another convention 
was held in Lublin, in favor of Augustus II. and against 
Charies XII., who carried the town by assault, giving it 
over to his army to be plundered, and stayed for six weeks 
at Jacobowice, the estate of Prince Lubomirsky, in the 
immediate neighborhood, In 1831 Lublin was taken by 
the Russians after a battle. The whole surrounding coun- 
try is rich in historical reminiscences of the struggle of 
Poland for independence. 

LUBRICANTS are fluids which are interposed be- 
tween solid machine surfaces that are required to slide 
on each other. The object is to lessen the friction, 
which is injurious both in wearing away the surfaces, 
and thus destroying the fit between them, and in dis- 
sipating and rendering useless part of the energy trans- 
mitted through the machine. The difference between 
the wear on unlubricated and that on lubricated sur- 
faces is so serious that a comparison between the cost 
of lubrication and the money saving in avoidance of 
repairs is superfluous. But the difference in the wear 
when two different lubricants are used is not very 
great, and the proper choice between the two lubri- 
cants depends on a comparison of their cost with the 
amount of working power they save from dissipation. 
If the price of oil per gallon, inclusive of wages 
for its application to the journals, ete., be p; if 
in order to lubricate as well as can be done with 
this oil any one working surface or set of such sur- 
faces, it is necessary to use the fraction g of a gallon 
of oil per hour; if, with the use of this quantity of 
the oil, there is still wasted in friction at these surfaces 
H horse-power ; and if the cost in fuel, water, wages, 
repairs, ete., of the working energy is P per hour 
per horse-power; then the money loss per hour 
caused by the friction ispg + PH. By comparing the 
values of this quantity for two oils, it can be deter- 
mined which it is more advantageous to use. Of the 
commonly used oils, the higher priced are much more 
efficient as lubricants. If two oils of which the same 
amount requires to be used have the prices p, and pn, 
and allow H, and H, horse-power to be wasted, then 
the money adyantage to be gained per hour by using 
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the first (the higher priced) rather than the second is 
P(H,-H,)-(~:-p.)g. This is positive if 
Hy Ay — p= pa 
GB ie 

If this inequality is found not to be true in any special 
camparison, then the cheaper oils should be used. P 
varies from $d. to over 14d., according to the class of 
engine and boiler and to the good or bad management 
of the works, while »,—p2, in comparing the extremes 
of cheap and expensive commercial lubricants, amounts 
to 2s. 6d. or more. 

To compare the advantages of using a larger or 
smaller amount of the same oil, let g, and g, be the 
quantities used, and the resulting wastes of horse- 
power be H, and H,. Then the use of the larger 
quantity g, will be economical if 


He- Hi. p 
PCH — Hy) = -)> 0; or —— eee 
2 — Hi) - p(gi - g2)> re" >S 
Considering the meaning of this inequality in the two 
cases of a high-priced and of a low-priced oil in the 


P : 2 Ty 
former case P has a larger value, while ——— has also 


1— G2 

a larger value than in the latter case. its both cases 
this latter fraction decreases with increase of 9; but it 
decreases more rapidly in the case of a high-priced 
than in that of a lower-priced oil, because the former 
is a better lubricator. Thus with the dearer oil the 
limit beyond which it is uneconomical to inerease the 
consumption of oil is reached sooner than with the 
cheaper, and it follows that of the cheaper oils it is 
best to use a large quantity, while of the dearer a 
smaller amount is what is most usefully employed. If 
the law according to which H varies with g be found 
for any oil, by experiment or otherwise, then the exact 
most economical quantity can be found by differentia- 
ting py + PH with respect to g, and equating the 
differential coefficient to zero; thus 


when ne is expressed in terms of g, gives this most 
€ 


economical value of g. An example of the actual 
values of the quantities involved in these formulas is 
given by an experiment by Van Cleve on a journal 6 
mches in diameter by 7 inches long, in which the 
coefficient of friction was found to be about .077, and. 
there was wasted 3.4 horse-power when .023 of a gal- 
lon was used per hour. 


Of the animal oils and fats suitable for Inbrication 
those commonly used are sperm, lard, neat’s-foot, tal- 
low, and common whale oil. Of vegetable oils olive, 
cotton-seed, and rape-seed are extensively employed, 
the first mostly in those countries where the olive is 
erown, and generally in the pure condition, while the 
last two are more used for mixing with higher class 
and more expensive oils. Various fish oils are also 
much used, and mineral oils now form a large propor- 
tion of the many lubricating compositions that are in 
use. For machinery where considerable pressure is 
exerted between the bearing surfaces the mineral oils 
are too thin, or, as it is termed, are too wanting in 
‘“body’’ to be quite suitable without being mixed with 
an animal or vegetable oil. Unless a lubricant has 
considerable ‘‘ body,’’ it is quickly pressed out of the 
bearing, and an unnecessarily rapid supply has to be 
provided. The same oil may be used several times 
over, and several ingenious designs of bearings for 
rotating shafts, such as Player Brothers’ or Taylor & 
Challen’s, whereby the shaft itself as it runs round 
continually pumps up again to the top of the bearing 
the oil that has once been used, have been very suc- 
cessful in practice. If an automatic arrangement of 
this sort is not employed, the oil dripping from the 
bearing should be collected in a pan and used again to 
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fill the oil-eups. The oil gets gradually worn out as a 
lubricant by becoming filled with dirt, partly the dust 
of the atmosphere and partly the minute iron and 
brass dust that is continually rubbed off the bearing 
surfaces. Oils that have been used two or three times 
can be to a certain extent repurified by washing in a 
a solution of carbonate of soda or potash and chloride 
of calcium in boiling water. But it must not be sup- 

osed that with repurification an oil may be used an 
indefinite time as a lubricant. A large portion of it is 
actually evaporated by the heat caused by the friction 
at the journal, and the unevaporated portion seems to 
undergo some chemical change injurious to its lubri- 
cating properties. Vegetable oils are pecufiarly rich 
in yolatile constituents, and it is ‘this fact probably, 
even more than the greater cheapness of mineral oils, 
that has led to the largely increased use of the latter 
in the lubrication of machinery. 

The quality of an oil may be tested by chemical analy- 
sis; by measurement of density and viscosity; by 
observation of the temperature necessary for ignition 
in the atmosphere, or, as it is called, the ‘‘ flashing ’”’ 
temperature; by observation of the succession of 
figured patterns produced when a single drop of the 
oil is let fall upon the surface of pure water in a clean 
dish; by the measurement of the temperatures to 
which a journal rises when running at different speeds 
and under different pressures, and when supplied with 
a given amount of the lubricant per minute; and by 
the measurement of the coefficient of friction at the 
same journal with varying speeds of rotation and pres- 
sures. The last two methods of test are the most 
interesting and directly useful from a mechanical point 
of view, 2. ¢., considering the oil as a lubricant simply. 


The machine designed and used by Professor Thurston of 
the Stevens Institute of Technology is the best that has yet 
been constructed to carry out these tests. In it a spindle 
is revolved in horizontal bearings by a belt from the main 
shaft of the workshop of the Institute. On the overhanging 
end of this spindle is formed a journal from which is hung 
a heavily-weighted rod. The bearings in this rod by which 
it hangs on the journal are of brass, and the two halves are 
pressed down upon the journal with any desired pressure 
by means of a spiral spring placed in the centre of the rod. 
The weight of this pendulum prevents it revolving along 
with the spindle, but the friction at the journal deflects the 
pendulum from the vertical through an angle whose sine 
is a measure of the frictional effort. There is also inserted 
in the bearings a thermometer by which the effect of the 
friction in increasing the temperature is observed. With 
this machine Professor Thurston has obtained extremely 
interesting results regarding the variation of the coefficient 
of friction with temperature, pressure, and velocity of rub- 
bing. These are summarized as follows. With great in- 
tensity of pressure and low velocity, the friction increases 
as the temperature is raised; but for each low velocity the 
rate of increase of friction with temperature becomes slower 
as the pressure diminishes, and becomes zero at a certain 
limit of pressure which is higher the higher the velocity 
is. With high velocities the variation of friction with tem- 
perature is in the opposite direction within the limits of 
pressure commonly used. Again at a given temperature 
and a given pressure the friction first decreases very rap- 
idly with increase of velocity, and then above a certain 
limit of velocity increases again slowly with further in- 
crease of velocity. The limit of velocity at which the 
direction of variation changes from negative to positive 
does not appear to depend on the intensity of pressure, but 
the change occurs at much lower velocity-limits with low 
than with high temperatures. Thirdly, with a given tem- 
perature and a given velocity the coeflicient of friction, 7.e., 
the ratio of friction to normal pressure, at first decreases 
rapidly with increase of pressure at low pressures, and then 
at higher pressures increases again with the pressure. 
This law seems to hold for all temperatures and all veloci- 
ties; but how the limit of pressnre at which the variation 
changes in direction is altered by alteration of temperature 
and velocity is not as yet certainly determined. 

It is thus seen that the variation of friction at lubricated 
journals is extremely complicated, and has no resemblance 
to the simple law of constant proportionality between the 

friction and the normal pressure which until lately was 
commonly believed to hold good for unlubricated flat sur- 
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faces. This simple law is really true for many unlubricated 
surfaces and through a tolerably wide range of conditions, 
but is not true for all such surfaces, or under all, and espe- 
cially extreme, conditions of pressure, velocity, and tem- 
perature. 

Professor Thurston has endeavored to represent these 
results in algebraic formule, but the number of his experi- 
ments seems hardly sufficient to establish any general 
mathematical law which will be true under all circum- 
stances, and the particular formule which he has adopted 
give values differing very considerably from those given 
by some of his experiments. 

The friction at a lubricated journal depends really much 
more on the viscosity of the lubricant than on the fric- 
tional properties of either of the solids, which never come 
in contact when the lubrication is carefully attended to, 
The layer of oil immediately in contact with either solid 
probably does not move at all relatively to the solid. The 
rubbing, therefore, in all probability takes place between 
two surfaces, or rather between an indefinitely large num- 
ber of pairs of surfaces, of oil. The viscosity of the oil, 
which hinders this relative motion, is, however, very likely 
affected by the adhesive force between the solid and liquid 
surfaces, because, especially if the intensity of bearing pres- 
sure be great and the film of lubricant consequently very 
thin, some at least of the liquid motion will take place 
within the sphere of action of the cohesive forces. 

It is of the greatest importance in order to secure econ- 
omy in the use of lubricants to maintain the supply to each 
journal at a constant uniform rate. To effect this, num- 
berless “automatic lubricators”” have been invented. The 
common syphon oil-cup is very efficient so long as the rate 
of working is steady; but the supply does not automatic- 
ally vary with the requirements. The “needle” lubricator 
allows the oil to flow down to the journal through a small 
straight tube in which is placed a wire which nearly blocks 
up the tube. When the wire is motionless the dimensions 
of the space between the wire and the tube, are capillary, 
and no oil flows. When the shaft runs, however, its sur- 
face scraping on the end of the wire throws it into continual 
vibration, and this allows a slowstream of oil to pass down- 
wards which is automatically regulated in accordance with 
the speed of revolution. ‘The necessity of very perfect 
lubrication of the cylinders of gas engines, which run at a 
high speed and at a high temperature, has led to the adop- 
tion by Messrs. Crossley Brothers of an extremely neat and 
perfect arrangement. A small crank on the end of a spin- 
dle, driven at a rate proportional to that of the engine, has 
suspended from the crank pin a short wire pendulum. At 
the lower part of the revolution this pendulum dips into 
a basin of oil and lifts a drop from it. In the upper half of 
the circular motion, the wire is dragged over a little scraper 
extending over the open mouth of a pipe. This scrapes the 
drop off the pendulum, and the drop falls from the scraper 
into the tube, along which it flows to the surface to be 
lubricated. The number of drops is thus accurately pro- 
portioned to the speed of the engine, and the size of 
drop can be varied by using smaller or larger wire for the 
pendulum. 


Table of Coefficients of Friction of Cast-Iron Journals at Tempera- 
twre 70° F. and Velocity 750 Feet per Minute (from Thurston). 


Pressure in tb. per sq. in. 
Name of Oil. 

8. 16. 82. 48, 

Natural Summer Sperm, .. .]| .17 16 10 s12 
iu Winter neil dh evietya Auth oooh 14 09 08 
Bleached ‘“ a eile eon tale) 16 ry2 10 
NaturalSummer Whale, .. .| .20 14 Al .09 
Winton Wards iuivaise inoue coy Ze 16 14 10 
Extra, Neat's foot, ©. fos .. «|, 22 16 a IP AU 
WAMOwrE Vere te OMe Use ce eh lO 15 09 12 
COND .CK RAs Or vraetrie cto th BS Une eamm|| Meee 16 nly 09 
Refined Cotton-Seed, . ... .| .21 14 12 11 
PMVOROCO, ai caras sis) « aes | whO 16 2 abl 
Monae temtu tate mtr tie fei) a0 a2 .10 12 
Kerosine, . CP se Mit, Oe we O) Ole eae 17 13 aa 
araini M's, Cea fen 4p ae) aa sul, see 18 fie} 22 


Other mineral oils than the kerosine and paraffin give a 
smaller coefficient. For mineral oils generally the lowest 
coefficient appears to occur at from 30 to 40 tb pressure per 
square inch. The supply of oil in the experiments was in- 
termittent, and must have been insuflicient for the best 
lubrication. 
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Table of Coefficients of Friction between Steel Jowrnals and 
Bronze Bearings lubricated with Sperm Ou, and run at dif- 
ferent Pressures, Velocities, and Temperatures (from Thurs- 
ton). 


Velocity in feet per minute. 


oH 30. 100. 250. | 500. | 1200. 
oa 
Re 
38 P Press, | 
Aad y Tess. ° ress, 
a, | Press. Ib. per Press. Ib. per | yp. per| Ib. per | lb. per 
a8 agen: Bq. in. sq. in. | sq. in. } sq. in. 
7 ol a “loon aoe taoslealone ne ame! 
}200. 100.| 50. | 4. oa fat 50. | 4. |200.)100./200. 100.)200. 100. 
| | ees 2 eas [eae 
| | | 
150 |.050 .025},012 .125!.0141 0021 0081 063} .005'.004'.006'.006 
130 |.016 005.007] 125 .008} 002) 003} 063) 3|.003'.004).006 .007 
110 |.010 .004!.006}.094 .004).002) 008 YD) -004}.006 .005).007 .009 
.004, 002} .003) 063) ) 


90 |.005, .003).004 |.094 | | 5 sisi ce 015 
| | | \ \ 

The journal upon which the above results were obtained 
was 1} inches in diameter and 14 inches long. With a 
larger journal the results would probably not be exactly 
the same. (R. H. S.*) 


LUCAN. Marcus Annamus Lucanus, the most 
eminent Roman poet of the silver age, grandson of 
the rhetorician Seneca and nephew of the philosopher, 
was born at Corduba, November 3, 39 A.p. His 
father, Lucius Anneeus Mela, had amassed great wealth 
as imperial procurator for the province. In a memoir 
by an anonymous grammarian, who may have abridged 
Suetonius, Lucan is said to have been taken to Rome 
at the age of eight months, to have displayed remark- 
able precocity, and to have incurred the displeasure of 
Nero by overcoming him in a poetical contest. The 
latter statement seems to be founded upon a misappre- 
hension of a passage in Statius’s Genethliacon Lucani; 
but it is certain that Nero, whether from jealousy, as 
Tacitus affirms, or on account of the republican spirit 
of Lucan’s poetry, forbade him to recite in public, and 
that his indignation made him an accomplice in the 
conspiracy of Piso, 65 A.D. Upon the discovery of the 
plot he is alleged to have endeavored to purchase 
safety by impeaching his own mother (“‘ hoping,” says 
his translator Gorges quaintly, “that this impiety 
might be a means to procure pardon at the hands of 
an impious prince’’). The statement, however, of 
Tacitus, that letters were forged in his name to impli- 
cate his father, warrants the suspicion that the eyi- 
dence against his mother may also have been fabri- 
cated. Failing to obt%in a reprieve, he caused his 
veins to be opened, and expired with great courage, 
repeating a passage from hjs Pharsalia descriptive of 
the death of a wounded soldier (‘‘ Luean by his death 
approved,” Shelley’s Adonais). His father was in- 
volved in the proscription, his mother escaped, and 
his widow Polla Argentaria survived to receive the 
homage of Statius under Domitian. 

Besides his principal performance, Lucan’s works 
included juvenile poems on the descent of Orpheus 
and the ransom of Hector, an unfinished tragedy on 
the subject of Medea, and numerous miscellaneous 
pieces. The Carmen ad Pisonem sometimes attributed 
to him is now more commonly ascribed to Saleius 
Bassus. His minor works have perished, but all that 
the author wrote of the Pharsalia has come down to 
us. It would probably have concluded with the battle 
of Philippi, but breaks off abruptly as Czesar, beset 
by foes, is about to plimge into the harbor of Alex- 
andria. This incompleteness should not be left out of 
account in the estimate of its merits, for, with two 
capital exceptions, the faults of the Pharsalia are 
such as revision might have mitigated or removed. 
No such pains, certainly, could have amended the de- 
ficiency of unity of action, or supplied the want of a 
legitimate protagonist. The Pharsalia follows history 
with inevitable servility, and is rather a metrical chron- 
icle than atrue epic. If it had been completed accord- 
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ing to the author’s design, Pompey, Cato, and Brutus 
must have successively enacted the part of nominal 
hero, while the real hero is the arch-enemy of liberty 
and Lucan, Cesar. . Yet these defects, though glaring, 
are not fatal or peculiar to Lucan. ‘The real hero of 
Paradise Lost, it has been repeatedly observed, is no 
other than Satan; and Shakespeare himself sueceeded 
no better than Lucan in preserving unity of action 
when he wrote his Julius Cesar. The false taste, the 
strained rhetoric, the ostentatious erudition, the tedious 
harangues and far-fetched or commonplace reflections 
so frequent in this singularly unequal poem, are faults 
much more irritating, but they are also faults capable 
of amendment, and which the writer might not im- 
probably have removed. As pointed out by Dean 
Merivale, the bombastic style of composition which 
prevailed under Nero yielded to a more sober taste 
under the Flavian dynasty; and the lapse of time 
would have contributed to mellow the poet’s imma- 
turity and chasten the ardor of temperament which 
made him essay great themes ‘Sante annos Oulicis 
Maroniani.’’ Great allowance should also be made for 
the difficulties the highest genius must encounter when 
emulating predecessors who have already earried art to 
its last perfection, and thus necessitated to choose 
between mere imitation and a conscious effort after 
originality. Lucan’s temper could never have brooked 
the former course; his versification, no less than his 
subject, is entirely his own; he avoids all resemblance 
to his great predecessor with a persistency which can 
only have resulted from deliberate purpose, while 
largely influenced by the declamatory school of his 
erandfather and uncle. Hence his partiality for fin- 
ished antithesis, contrasting strongly with his generally 
breathless style and turbid diction. Quintilian sums 
up both aspects of his genius with pregnant brevity, 
‘“Ardens et concitatus et sententiis clarissimus,’ 
adding with equal justice, ‘‘ Magis oratoribus quam 
poetis annumerandus.’’? Luean’s oratory, however, 
frequently rises into the region of poetry, especially 
where it sets forth ideas essentially sublime, and im- 
pressive in the mere statement. Such are the apothe- 
osis of Pompey at the beginning of the ninth book, 
and the passage in the same book where Cato, in the 
truest spirit of the Stoic philosophy, refuses to consult 
the oracle of Jupiter Ammon. The exordium of the 
poem, and the portraits of Caesar and Pompey, are 
examples of oratory blazing up into poetry, as a wheel 
takes fire by friction. In some cases Lucan’s rhetoric. . 
is frigid, hyperbolical, and out of keeping with the 
character of the speaker, as in Ceesar’s address to his 
legions before Pharsalia; in general, however, it may 
be said that the more he is of an orator or a moralist 
the more he is of a poet. If this denotes that his 
genius was not essentially and in the truest sense poet- 
ical, the same may be said of Dryden and Pope; and 
it at least proves him to have been in harmony with 
the living forces of his age, in which rhetoric was a 
note of culture and philosophical humanitarianism a 
growing idea, while poetry, though widely cultivated 
was becoming more and more a mere ornamental 
accomplishment. This is not the case with Lucan; 
his theme has a genuine hold upon him; in the age of 
Nero he celebrates the republic as a poet with the same 
energy with which in the age of Cicero he might have 
defended it as an orator. But for him it might almost 
have been said that the Roman republic never inspired 
a Roman poet. 

Lucan never speaks of himself, but his epic speaks 
for him. ‘The author of the Pharsulia must have 
been endowed with no common ambition, industry, 
and self-reliance, an enthusiastic though narrow and 
aristocratic patriotism, and a faculty for appreciating 
magnanimity in others which is at least some pre- 
sumption that he possessed it himself. He probably 
bore a strong family resemblance to his uncle Seneca; 
but the only personal trait positively known to us is 
his conjugal affection, a characteristic of Seneca also. 
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Lucan, together with Statius, was preferred even to 
Virgil in the Middle Ages. So late as 1493 his com- 
mentator Sulpitius writes:—‘‘ Magnus profecto est 
Maro, magnus Lucanus; adeoque prope par, ut quis 
sit major possis ambigere.’’ Shelley and Southey, in 
the first transport of admiration, thought Lucan 

superior to Virgil; Pope, with more judgment, says 
- that the fire which burns in Virgil with an equable 
glow breaks forth in Lucan with sudden, brief, and 
interrupted flashes. In general, notwithstanding the 
enthusiasm of isolated admirers, Lucan has been un- 
duly neglected, but he has exercised an important 
influence upon one great department of modern litera- 
ture by his effect upon Corneille, and through him 
upon the classical French drama. 

The most celebrated editions of Lucan are those by 
Oudendorp (1728), Burmann (1740), and Weber (1829). 
Bentley’s emendations are brilliant, but,unsafe. The most 
elaborate criticism is that in Nisard’s Etudes sur les Poétes 
Latins de la Décadence, stern to the poet’s defects and un- 
kind to his deserts. Dean Merivale has some excellent 
observations in his History of Imperial Rome, chaps. liv. and 
Ixiv. Brebeuf’s French version is celebrated. Christopher 
Marlowe, a kindred spirit, translated the first book of the 
Pharsalia into English, and there are other old versions by 
Sir Ferdinand Gorges and Thomas May. The latter’s sup- 
plement is one of the best examples of modern Latin versi- 
fication. Gorges’s translation is in octosyllabic verse, and 
very curious, The standard English version, by Rowe, is 
one of the most successful translations in our language. It 
is somewhat too diffuse, but as a whole reproduces the 
vehemence and animation of the original with a spirit that 
leaves little to be desired. (R. G.) 


_LUCANTA, in ancient geography, was the name 
given to a province of Southern Italy, extending from 
the Tyrrhenian Sea on the west to the Gulf of Taren- 


tum on the east, while to the north it adjoined Cam- | 


pania, Samnium, and Apulia, and to the south was 
separated by a comparatively narrow isthmus from the 


province of Bruttium, which forms the southern ex- | 


tremity of Italy. It thus comprised the modern pro- 
vince of the Basilicata, together with the greater part 
of the Principato Citeriore and a small portion of 
Calabria. ‘The precise limits were the river Silarus on 
the northwest, which separated it from Campania, 
and the Bradanus, which flows into the Gulf of 'aren- 
tum, on the northeast; while the two little rivers 
Laus and Crathis, flowing from the ridge of the Apen- 
nines to the sea on the west and east, marked the 
limits of the province on the side of Bruttium. 
‘Almost the whole of the province thus limited is 
occupied by the rugged masses of the Apennines, 
which in this part of Italy can hardly be said to con- 
stitute a range of mountains so much as a group of 
lofty masses, huddled together in a very irregular 
manner. The main ridge, however (if it be taken as 
determined by the watershed), approaches much more 
nearly to the western s¢a than to the Gulf of Taren- 
tum, and is continued from the lofty knot of mountains 
immediately on the frontiers of Samnium, nearly due 
south, till it approaches within a few miles of the Gulf 
of Policastro, and thenceforward is separated from the 
sea by only a narrow interval till it enters the province 
‘of Bruttium. Just within the frontier of Lucania rises 
the very lofty group of Monte Pollino, the highest 
suminit of aicoh attains to an elevation of above 7000 
feet, the greatest that is found in the southern Apen- 
nines. ‘l'owards the east the mountains descend by a 
much more gradual slope to the Gulf of Tarentum, 
constituting long ridges of hills which subside by 
degrees to the strip of plain that immediately adjoins 
the shores of the gulf. This narrow strip is somewhat 
wider from the mouth of the Bradanus to that of the 
Siris, and again expands to a considerable extent at 
the mouth of the Crathis, but between the two a group 
of rugged hills descends quite to the sea, and forms the 
headland of Roseto. 'The consequence of this consti- 
tution is that while the rivers which flow to the Tyr- 
rhenian Sea are of comparatively little importance, 
those that descend towards the Gulf of T'arentum have 
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much longer courses, and attain to a considerable mag- 
nitude. Of these the most important are—the Brada- 
nus (still called Bradano), which rises near Potentia, 
and enters the gulf just to the north of the ruins of 
Metapontum ; the Casuentus (Basiento), which has a 
course almost exactly parallel with the preceding; the 
Aciris or Agri; and the Siris or Sinno. The Crathis, 
which forms at its mouth the southern limit of the 
province, belongs almost wholly to Bruttium, but it 
receives a tributary, the Sybaris (Coscile), which flows 
from the mountains of Lucania. ‘The only consider- 
able stream on the western side of Lucania is the 
Silarus or Sele, which constitutes its northern 
boundary, and has two important tributaries in the 
Calor or (alore, and the T'anagrus, which joins it from 
the south, after flowing through one of those trough- 
like upland valleys so characteristic of the Apennines. 

The province of Lucania was so called trom the 
people of that name, by whom it was conquered about 
the middle of the 5th century B.c. Previous to that 
period it was included under the general name of 
(Enotria, which was applied by the Greeks to the 
whole of the southernmost portion of Italy, The 
mountainous regions of the interior were occupied by 
the tribes known as Cinotrians and Chones, while the 
coasts on both sides were oceupied by Greek colonies, 
which attained to great power and prosperity, and 
doubtless exercised a kind of protectorate over the in- 
terior also. (See GracrA Maana.) The Lucanians 
were a Sabellian race, an offshoot of the Samnites of 
Central Italy, who pressed downwards towards the 
south until they gradually conquered the whole 
country (with the exception of the Greek towns on the 
coast) from the borders of Samnium and Campania to 
the southern extremity of Italy. Salmactentt, how- 
ever, the inhabitants of the peninsula which forms 
the extreme south (now known as Calabria), broke out 
into insurrection, and under the name of Bruttians 
succeeded in establishing their independence, after 
which the Lucanians became confined within the limits 
already described. After this time we find them en- 
gaged ip hostilities with the Tarentines, and with 
Aisexaten king of Kpirus, who was called in by that 
people to their assistance, 326 B.c. It was immedi- 
ately after this that they first entered into relations 
with Rome, with which they were sometimes in alli- 
ance, but more frequently engaged in hostilities, dur- 
ing the long-continued wars of the Romans with the 
Samnites. On the landing of Pyrrhus in Italy (281 
B.C.), they were among the first to declare in his 
favor, and in consequence found themselves exposed to 
the full brunt of the resentment of Rome when the 
departure of Pyrrhus left his allies at the mercy of 
the victorious Romans. It was not, however, till after 
several campaigns that they were reduced to complete 
subjection (272 B.c.). Notwithstanding this lesson, 
the Lucanians again espoused the cause of Hannibal 
during the Second Punic War (216 B.c.), and their 
territory became the theatre of war during several 
successive campaigns, and was ravaged in turn by both 
contending armies. It is clear that the country never 
recovered the effects of these disasters, and under the 
Roman government Lucania fell into a state of com- 
plete decay, to which the Social War (90-88 B.c.), ap- 
pears to have given the finishing stroke. In the time 
of Strabo the Greek cities on the coast, once so rich 
and flourishing, had fallen into utter insignificance, 
and the few towns of the interior were poor places of 
no importance. <A large part of the province was 
given up to pasture, and the mountains of the interior 
were covered with vast forests, which abounded in wild 
boars, bears, and wolves. 


The towns on the east coast, adjoining the Gulf of Taren- 
tum, were—Metapontum, a few miles south of the Bra- 
danus; Heraclea, at the mouth of the Aciris; and Siris, on 
the river of the same name. Close to its southern frontier 
stood Sybaris, which was destroyed in 510 B.c., but subse- 
quently replaced by Thurii, founded within a few miles of 
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the same site. On the west coast stood Posidonia, known 
under the Roman government as Pestum, immediately 
south of the Silarus; below that came Elea or Velia, 
Pyxus, called by the Romans Buxentum, and Laus, near the 
frontier of the province towards Bruttium. Of the towns of 
the interior, none of which ever attained to any importance, 
the most considerable was Potentia, still called Potenza, 
and now the capital of the Basilicata, To the north, near 
the frontier of Apulia, were Acheruntia and Bantia; while 
due south from Potentia was Grumentum, and still farther 
in that direction were Nerulum and Muranum. In the 
upland valley of the Tanagrus were Atina, Forum Popilii, 
and Consilinum; Eburi (Eboli) and Volceii (Buccino), 
though to the north of the Silarus, were also included in 
Lucania. j 

For administrative purposes under the Roman empire, 
Lucania was always united with Bruttium. The two 
together constituted the third region of Augustus. 

. (E. H. B.) 


LUCARIS, Cyritius (c. 1572-1638). See Grek 
CuurcH, vol. xi. p. 14]. 

LUCAS or LryprEn (ec. 1494-1538 
Leyden, where his futher Hugh Jacobsz gave him the 
first lessons in art. He then entered the painting-room 
of Cornelis Engelbrechtszen of Leyden, and soon be- 
came known for his capacity in making designs for 
glass, engraving copper-plates, painting pictures, por- 
traits, and landscapes in oil mae distemper. Accord- 
ing to Van Mander he was born in 1494, and painted 
at the age of twelve a Legend of St. Hubert, for which 
as many florins were paid to him as he numbered years. 
He was only fourteen when he finished a plate repre- 
senting Mohammed taking the life of a friar, bl at 
fifteen he produced a series of nine plates for a Passion, 
a Temptation of St. Anthony, and a Conversion of St. 
Paul. 
cording to Van Mander, he was only sixteen, includes 
a celebrated Kece Homo, Adam and Eve expelled from 
Paradise, a herdsman and a milkmaid with three cows, 
and a little naked girl running away from a barking 
dog. It will be seen to what a variety of tastes the 
youthful artist was asked to cater. Whatever may be 
thought of the tradition embodied in Van Mander’s 
pages as to the true age of Lucas of Leyden, there is 
no doubt that, as early as 1508, he was a master of 
name as a copper-plate engraver, and had launched 
his boat in the current which in those days led to 
wealth and to fame. 
of etching, which had not yet come for Holland, was 
being preceded by the period of the great masters in 
the use of the graver. It was thetime when art readily 
found its patrons amongst the large public that could 
ill afford to buy pictures, yet had enough interest in 
culture to wish to educate itself by means of prints. 
Lucas of Leyden became the representative man for 
the great public of Holland as Diirer became the rep- 
resentative man for the great public of Germany; and 
a rivalry grew up between the two engravers, which 
came to be so close that on the neutral market of Italy 
the products of each were all but evenly quoted. Vasari 
devoted almost equal attention to both, affirming indeed 
that Diirer surpassed Lucas as a designer, but that in 
the use of the graver they were both unsurpassed, a 
sentence which has not been reversed by the criticism 
of our day. But the rivalry of the two artists was 
friendly. About the time when Diirer visited the 
Netherlands Lucas came to Antwerp, which then flour- 
ished greatly as an international mart for productions 
of the pencil and the graver, and it is thought, not 
without reason, that he was the master who took the 
freedom of the Antwerp guild in 1521 under the name 
of Lucas the Hollander. Jn the diary which Diirer 
faithfully kept during his travels in the Low Countries, 
we find that at Antwerp he met Lucas, who asked him 
to dinner, and that Diirer accepted the invitation, and 
was much surprised at the smallness of the Dutch- 
man’s stature. But he valued the art of Lucas at its 
true figure, and exchanged the Dutchman’s prints for 
eight florins’ worth of his own. In course of time 
Lucas rose to more than a competence. In 1527 he 


) was born at! 


The list of his engravings in 1510, when, ac- ePFs 
eo = ? u | senting the blind man of Jericho healed by Jesus Christ in 


The period of the great masters 
T j _ known at the Parisian court as painter and chamberlain to 
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made a tour of the Netherlands, giving dinners to the 
painters of the guilds of Middleburg, Ghent, Malines, 
and Antwerp. He was accompanied during the trip 
by Mabuse, whom he imitated in his style as well as in 
his love of rich costume. But festive cheer and ban- 
quets disagreed with Lucas. On his return home he 
fell sick and remained ailing till his death in 1533, and 
when he died he did so with the firm belief that poison 
had been administered to him by some envious com- 
rade. 

As an engraver Lucas of Leyden deserves his reputation, 
He has not the genius, nor had he the tact, of Durer; and 
he displays more cleverness of expression than skill in dis- 
tribution or refinement in details. But his power in hand- 
ling the graver is very great, and some of his portraits, 
especially his own, are equal to anything that was done by 
the master of Nuremburg. Much that he accomplished as 
a painter has been lost, because he worked a good deal upon 
cloth in distemper. But some pictures have been preserved 
which fairly manifest the influences under which he be- 
came productive. In 1522 he painted the Virgin and Child 
with the Magdalen and a kneeling donor, now preseryed in 
the gallery of Munich. His manner was then very much 
akin to that of Mabuse. The Last Judgment in the town- 
hall, now the town-gallery of Leyden, is composed on the 
traditional lines of Cristus and Memling, furnished with 
monsters in the style of Jerome Bosch, and figures in the 
stilted attitudes of the South German School; the scale of 
colors in yellow, white, and gray isat once pale and gaudy ; 
the quaintest contrasts are produced by the juxtaposition 
of alabaster flesh in females and bronzed skin in males, or 
black hair by the side of yellow, or rose-colored drapery 
set sharply against apple-green or black, yet some of the 
heads are painted with great delicacy and modelled with 
exquisite fecling. Dr. Waagen gave a most favorable 
opinion of a triptych now at the Hermitage at St. Peters- 
burg, executed, according to Van Mander, in 1531, repre- 


the presence of the apostles. Here too the great German 
critic observed the union of faulty composition with great 
finish and warm flesh-tints with a gaudy scale of harmo- 
nies. The same defects and qualities will be found in such 
specimens of the master’s art as are still preseryed in pub- 
lic collections, amongst which may be mentioned the Card. 
Party at Wilton House, the Penitent St. Jerome in the 
gallery of Berlin, and the hermits Pauland Anthony in the 
Lichtenstein collection at Vienna. 

A few days before his death Lucas van Leyden was in- 
formed of the birth of a grandson, firstborn of his only 
daughter Gretchen. Gretchen’s fourth son Jean de Hoey 
followed the profession of his grandfather, and became well 


the king of France, Henry IV. 


LUCCA, a city of Northern Italy, the chief town of | 
a province, an archiepiscopal see, and the seat of a 
court of assize, lies 13 miles by rail northeast of Pisa, 
in 43° 50’ N. lat. and 10° 28’ EK. long. Situated 50 
feet above the level of the sea, in. the valley of the 
Serchio, the city looks out for the most part on a hor- 
izon of hills and mountains. The fortifications— 
pierced by four gates—were commenced in 1504 and 
completed in 1645, and long ranked among the most 
remarkable in the peninsula. The city has a well-built 
and substantial appearance, its chief attraction lying 
in the numerous churches, which belong in the main 
to a well-marked basilican type, and present richly 
decorated exteriors, fine apsidal ends, and quadran- ~ 
gularcampaniles. ‘The cathedral or church of St. Mar- 
tin was begun in 1063 by Bishop Anselm; but the 
great apse with its tall columnar arcades’ is probably 
the only remnant of tle early edifice. The west front, 
‘built during the first forty years of the 13th century, 
consists of a vast portico of three magnificent arches, 
and above them three ranges of open galleries covered 
with all the devices of an exuberant fancy.’’ The ground 
plan is a Latin cross the nave being 278 feet in length 
and 84 feet in width, and the transepts 117 feet in length. 
In the nave is a little octagonal temple or chapel built 
(1484) by Matteo Civitali, which serves as a shrine for 
the most precious of the Lucchese relics, a cedar-wood 
crucifix, carved, according to the legend, by Nicodemus, 
and miraculously conveyed to Lucca in 782. The Sacred 
Countenance ( Volto Santo), as it is generally called, 
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because the face of the Saviour is considered a true 
likeness, is only shown thrice a year. The beautiful 
tomb of Maria Guinigi is described by Ruskin, Modern 
Painters, ii. The church of St. Michael, founded in 
the 8th century, and built of marble within and with- 
out, has a lofty and magnificent western fagade (1188) 
—an architectural screen rising much above the roof 
of the church. St. Frediano or Frigidian dates origi- 
nally from the 7th century; the front (of the 13th 
century) occupies the site of the ancient apse; in one 
of its chapels is the tomb of Santa Zita, patroness of 
servants and of Lucca itself. San Giovanni (originally 
of the 12th century), San Romano (rebuilt in the 17th 
century, by Vincenzo Buonamici), and Santa Maria 
Forisportam (of the 13th century) also deserve to be 
mentioned. Among the secular buildings are the old 
ducal palace, begun in 1578 by Ammanati, and now 
the residence of the prefect and seat of the provincial 
officers and the public picture gallery; the Palazzo 
Pretorio, or former residence of the podestd, now the 
seat of the civil and correctional courts; the palace, 
erected in the 15th century by a member of the great 
Guinigi family, and now serving as a poor-house; and 
the 16th century palace of the Marquis Guidiccioni, 
now used as a depository for the archives. The prin- 
cipal market-place in the city (Piazza del Mercato) 
has taken possession of the arena of the ancient 
amphitheatre, the arches of which can still be seen 
in the surrounding buildings. Besides the aca- 
demy of sciences, which dates from 1584, there are 
several institutions of the same kind—a royal philo- 
mathic academy, a royal academy of arts, and a public 
library of 50,000 volumes. The silk manufacture, 
which was introduced at Lucca about the close of the 
11th century, and in the early part of the 16th became 
for a time the means of subsistence for 30,000 of its 
inhabitants, now gives employment (in reeling and 
throwing) to only about 1500. he bulk of the popu- 
lation is engaged in agriculture. In 1871 the city had 
21,286 inhabitants. ‘The commune has increased from 
61,175 in 1834 to 68,063 in 1881. 


Lucea (Latin, Luca) is probably a place of Ligurian 
origin. First mentioned as the place to which Sempronius 
retired (218 B.c.) before the victorious Hannibal, it passes 
out of sight again till 177, when it became the seat of a 
Roman colony. In the time of Julius Cesar it is frequently 
heard of as a town in his province of Cisalpine Gaul and 
Liguria, to which he repaired for consultation with his 
political associates. By Augustus it was transferred to 
Etruria. Though plundered and deprived of part of its 
territory by Odoacer, Lucca appears as an important city 
and fortress at the time of Narses, and under the Lombards 
if was the residence of a duke or marquis and had the 
privilege of a mint. The dukes gradually extended their 
power over all Tuscany, but after the death of the famous 
Matilda the city began to constitute itself an independent 
comimunity, and in 1160 it obtained from Welf VL., duke 
of Bavaria and marquis of Tuscany, the lordship of all the 
country for 5 miles round. Internal discord afforded an 
opportunity to Uguecione della Faggiola to make himself 
master of Lucca in 1314; but the Lucchese expelled him 
two years afterwards, and handed over their city to Cas- 
truccio, under whose masterly tyranny it became “for a 
moment the leading state of Italy.’’ Occupied by the 
troops of Louis of Bavaria, sold toa rich Genovese Gherardo 
~ Spinola, seized by John, king of Bohemia, pawned to the 
Rossi of Parma, sold to the Florentines, surrendered to the 
Pisans, nominally liberated by the emperor Charles IV., 
and governed by his vicar, Lucca was subjected to endless 
vicissitudes, but managed, at first as a democracy, and 
after 1628 as an oligarchy, to maintain “its independence 
alongside of Venice and Genoa, and painted the word Lib- 
ertas on its banner till the French Revolution.” In the 
beginning of the 16th century one of its leading citizens, 
Francesco Burlamacchi, made a noble attempt to give poli- 
tical cohesion to Italy, but perished on the scaffold (1548) ; 
his statue by Ulisse Cambi was erected on the Piazza San 
Michele in 1863. As a principality formed in 1805 by 
Napoleon in favor of his sister Elisa and her husband Bacci- 
ochi, Lueca was for a few years wonderfully prosperous. 
It was oecupied by the Neapolitans in 1814; from 1816 to 
1847 it was governed as a duchy by Maria Luisa, queen of 
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Etruria, and her son Charles Louis; and it afterwards 
formed one of the divisions of Tuscany. 

The bishops of Lucca, who can be traced back to 347, 
gradually acquired a variety of exceptional marks of dis- 
tinction, such as the pallium in 1120, and the archiepiscopal 
cross from Alexander II.; and at length in 1726 Benedict 
XIII. raised their see to the rank of an archbishopric, 
without suffragans. 

See Memorie per servire alla storia del ducato di Lucca, pub- 
lished by the Lucca Academy; Mazzarosa, Storia di Lucca, 
Lucea, 1833; Repetti, Dizionario della Toscana, Florence, 
1835; Freeman, Hist. and Arch. Sketches, London, 1876. 


LUCCA, Barns or (Baant pi Lucca, formerly 
BaaGno A CorsenA), a commune of Italy in the proy- 
ince of Lucca, containing a number of famous water- 
ing-places. They are situated in the valley of the 
Lima, a tributary of the Serchio; and the district is 
known in the early history of Lucca as the Vicaria di 
Val di Lima. Ponte Serraglio (16 miles to the north 
of Lucca) is the principal village; but there are warm 
springs and baths also at Villa, Docce Bassi, Bagno 
Caldo, ete. Bagno a Corsena is mentioned in 1284 by 
Guidone da Corvaia, a Pisan historian (Muratori, vol. 
xxii, ); and by the 16th century the waters had attained 
great celebrity. Fallopius, who gave them credit for 
the cure of his own deafness, sounded their praises in 
1569; and they have been more or less in fashion 
since. The temperature of the water varies from 96° 
to 133° Fahr.; in all cases it gives off carbonic acid gas, 
and contains lime, magnesium, and sodium products. 
In the village of Bagno Caldo there is a considerable 
hospital, constructed largely at the expense of Nicholas 
Demidoff in 1826. The population of the commune 
was 11,000 in 1881. 

LUCENA, a town of Spainin the province of Cordo- 
ya, 37 miles south-southeast from that city, and 11 miles 
by road southeast from the Aguilar station of the Cor- 
dova-Malaga Railway. It is pleasantly situated on the 
Cascajar, a minor tributary of the Genil, in a district 
that produces oil, wine, and cereals in great abundance, 
and affords excellent pasture. The parish church, 
which is large but not otherwise remarkable, dates 
from the beginning of the 16th century. The chief 
industries are the manufacture of hardware and _pot- 
tery, bronze lamps being a specialty of Lucena, and 
also the large earthenware jars (¢/najrs) used throughout 
Spain for the storage of oil and wine. ‘There is con- 
siderable trade in the produce of the neighborhood, 
and the horse mart is famous throughout Andalusia. 
The population in 1877 was 19,540. Lucena was taken 
from the Moors early in the 14th century; it was in 
the attempt to recapture it that King Abu ‘Abdallah 
(Boabdil) of Granada was taken prisoner in 1483. 

LUCERA, a city of Italy, inthe province of Foggia, 
ona hill in the midst of the Apulian plain, lies 10 
miles west-northwest of Foggia. Although a busy 
and flourishing place, with 14,014 inhabitants in 1871, 
Lucera is mainly of historical interest. The cathedral, 
erected on the ruins of the magnificent mosque, is a 
fine Romanesque building with Gothic features ; and 
the castle, whose imposing ruins still crown the hill to 
the north of the town, was formerly the grandest of 
all the strongholds possessed by the Hohenstaufen em- 
perors to the south of the Alps. 


By a Greek tradition the foundation of Luceria was 
assigned to Diomede, and the statue in its temple of Min- 
erva passed as the authentic Palladium; but the place 
would seem to be really of Oscan rather than Daunian 
origin. The Romans were marching to the relief of Luce- 
ria when they suffered the defeat at the Caudine Forks; 
they effected its capture in 320 B.c.; and when they recov- 
ered it in 314 they slew a great part of the inhabitants, 
and introduced a powerful body of colonists. During the 
Second Punic War the city was the headquarters of the 
Apulian campaigns. It continued to exist as a place of 
some mark down through the empire, and is mentioned by 
Pliny asa colony. Destroyed (663 A.D.) by the emperor 
Constans, who had recovered it from the Lombards, it was 
shortly afterwards restored, and in 1227 it was raised to 
more than its former prosperity by Frederick II., who set- 
tled there a great body of his Saracen followers from 


42 


Sicily, and thus increased its population to about 77,000. 
The Mohammedan colony, however, was brought to ruin 
by the hostility of Charles I. and II. of Anjou, Previous 
to 1806 Lucera was the administrative centre of the two 
provinces Basilicataand Molise. See W. Lang, in Jm Neuen 
Reich, Dec., 1877. 


LUCERNE (German, Zwzern), a canton of Switzer- 
land lying northwest of the central mass of the Swiss 
Alps, having the canton of Aargau to the north, Bern 
to the west and south, and the small cantons of Zug, 
Schwyz, and Unterwalden on the east and southeast 
sides. Like most of the Swiss cantons its form is 
very irregular, and it includes, besides a part of the 
Lake of Lucerne, the Lakes of Sempach and Baldegg, 
and several smaller sheets of water. ‘To this cireum- 
stance is probably due the discrepancy in the various 
estimates of the area, which range from 498 to 585 
square miles. he greater part of its territory lies in 
the low hilly region of northwestern Switzerland, 
most of which is under cultivation; but it has one 
considerable valley, the Entlebuch, enclosed by moun- 
tains, several of which exceed 5000 feet in height, 
which is devoted to pasturage. ‘The only considerable 
mountain in the canton is the Pilatus, a steep jagged 
ridge with numerous peaks, the highest of which is 
7290 feet above the sea, forming the ‘boundar y between 
this and the canton of Unterwalden. The only river 
is the Reuss, which issues from the lake at the town 
of Lucerne, but soen turns abruptly to the northeast, 
and passes the. boundary of the canton. Of many 
smaller streams that water its surface, the most im- 
yortant is the Little Hmme, which drains the Intle- 
bogh and its tributary valleys. The soil is moderately 
fertile, and produces good crops of cereals, but the 
vine is grown only in a few exceptionally favorable 
situations. Some of the higher valleys, especially the 
Entlebuch, are mainly apie to pasture, and furnish 
cheese and butter in considerable quantities, of which 
the ae is exported. The population in Decem- 
ber, 1880, was 134,806, of whom all but 5634 were 
Roman Catholics. The language is exclusively fen 
man, and the people belong to the Teutonic stock. 
Excepting the inhabitants of the town of Lucerne, 
they are mainly employed in agriculture. The men of 
the Entlebuch, leading a pastoral life and little ex- 
posed to intercourse ‘with strangers, have preserved 
more of the original simplicity of manners and _cos- 
tume than is now often found elsewhere in Switzer- 
land. ‘They are famed for their strength and skill in 
wrestling and other athletic exercises, as may be seen 
at the Schwingfeste, still frequently held in that dis- 
trict. 


Like the rest of northern Switzerland, Lucerne was sub- 
ject to the house of Austria until 1332, when its people 
. joined the league of the forest cantons, Uri, Schwyz, and 
Unterwalden, thus forming the fourth in date of the con- 
federation. They bore their share in the brilliant victory 
of Sempach, fought in 1386 near the village of that name, 
and in 1402 acquired the Entlebuch by purchase from the 
Austrian duke. The government was until the end 
of the 18th century an oligarchy in the hands of a 
few families, but in 1798 the French invasions substituted 
democratic institutions. These, with several changes all 
tending to give more complete power to the people, have 
continued to the present time. The constitution now in 
force dates from the 17th February, 1869, and is based on 
the principle which prevails throughout the whole of 
Switzerland, that the sovereign power is vested exclusively 
in the people, but may be exercised either directly or 
through delegates elected by universal suffrage. 
Lucerne formerly sent a contingent of 1734 men to the 
federal army, but according to the latest return the number 
of men belonging tothe canton on the rolls (in 1879) was 
5176. In 1846 Lucerne took a leading part in the forma- 
tion of the Sonderbund, a league of several of the Catholic 
cantons to oppose forcible resistance to the decree of the 
federal government for the expulsion of the Jesuits from 
Switzerland. In the brief campaign that ensued in the 
following year the forces of the Sonderbund were utterly 
routed, and after a few days the conflict ceased. Since that 
date the canton seems to have enjoyed complete internal 
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tranquillity. Lucerne has produced a fair proportion of 
men who haye distinguished themselves in seience, litera- 
ture, philosophy, and art. Among many others whose 
reputation is confined to their own country, the names of 
the naturalists Cappeler and Lange, the historians Etterlin 
and Balthasar, and the philosopher Troxler have acquired 
more permanent reputation. 

Lucrrng, the chief town of the Swiss canton of that 
name, stands on both banks of the Reuss, where that 
river issues from the northwest end of the chief arm of 
the lake of Lucerne. The position of the town is singu- 
larly beautiful. Beyond the lower hills, rich with 
planting and cultivation, which slope towards the 
shores of the lake and the river, loftier summits of 

varied form rise in the background. Most prominent 
of these is the many-peaked Pilatus, only about seven 
miles distant, while the double summit of the Mythen, 
at the opposite end of the lake, is flanked by other less 
imposing summits, amongst which the Righi draws 
attention, owing to the fame of its panoramic view. 
The picturesque aspect of the town is much enhanced 
by the ancient walls, now partly removed, and the cir- 
cular or octagonal towers which surround it. One of 
these, called the Wasserthurm, rising from the water's 
edge, is said to have served as a lighthouse (ducerna), 
and to have originated the name of the town and ean- 
ton. The town appears to owe its origin to a Bene- 
dictine monastery which stood on the site of the present 
Hofkirehe. The buildings which clustered round weane 
ually increased, until, early in the 14th century, the walls 
were erected for protection, and bridges were carried 
across the river. The Rathhaus, which is the seat of 
the cantonal Government, is an ancient building adorned 
with wood carving and quaint pictures. In a large 
hall are preserved the portraits of the chief magistrates 
( Schultheissen) from the earliest times to the year 1814. 
The libraries of Lucerne are said to possess the most 
complete and important collection of documents con- 
nected with the history of Switzerland during the 
Middle Ages. ‘The town library, now in the museum, - 
contains about 12,000 volumes, and is especially rich in 
manuscript chronicles. The cantonal library, reckoned 
at over 80,000 volumes, with many incunabula, was 
chiefly formed from the libraries of suppressed mon- 
asteries. Other curious books are to be found in the 
library of the Capuchins at Wesemlin outside the town. 

Besides two modern bridges which span the river, 
there are two wooden causeways, roofed over, and 
passable only on foot, which anciently served the wants 
of the inhabitants ; a third, the longest of all, was re- 
moved in the progress of modern improvements. Of 
those remaining, the more ancient, called the Miihl- 
briicke, was adorned with illustrations of the ‘‘ Dance 
of Death,” a favorite subject with German and Swiss 
medizval artists; though much injured by time, they 
are still visible. The other wooden bridge—the 
Kapellbriicke—is decorated with numerous paintings 
representing events in Swiss history and in the lives 
of Saints Leodegar and Mauritius, the patrons of the 
city. The principal church, which’ has litle archi- 
tectural merit, possesses a "fine or gan. Along with 
various religious : and charitable institutions which seem 
fully adequate to the wants of the population, a mu- 
seum has been opened of late years which, among 
various other objects, contains an interesting archee- 
ological collection, going back to the prehistoric 
period, and including relics of historic interest, such as 
tr ophies taken on the field of Sempach, formerly pre- 
served in the arsenal. The town contains one object 
of genuine artistic interest—the colossal lion designed 
to commemorate the men of the Swiss guard who fell in 
the defence of the Tuileries in Paris on the 10th of 
August, 1792. The idea, which might easily have led 
an inferior artist into extravagance and vulgarity, was 
well suited for the simple and manly genius of ee 
waldsen, who supplied the model; and although the 
execution is necessarily somewhat rude, the effect is 
touching and impressive. In an architectural point 
of view the most notable part of the town is the wide 
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quay formed on land reclaimed from the lake in 1852, 
lanted on one side with trees, and on the other show- 


ing a succession of those great hotels which everywhere | 


in Switzerland have been built to accommodate and 
to tempt the strangers who annually resort to the 
country. ‘This constant flow of visitors has led to a 
large increase of population; that of Lucerne, which 
twenty years before was little over 10,000, was 17,850 
at the census of 1880. (FiB2) 
LUCERNE, Lake or, the name given by foreigners 
to the Vierwaldstittersee, or lake of the four forest 
cantons of Switzerland. Only a small portion of its 
shores lie within the canton of Lucerne; but the name 
_ has been taken from the most considerable town which 
it approaches. Lying on the northwest side of the 
Alps of central Switzerland, this lake has extraordi- 
nary interest for the physical geographer, for the lover 
of natural scenery, and for all who feel sympathy with 
the story of Swiss independence. Like most of the 
other Alpine lakes, it lies altogether among the 
Voralpen, or outer ranges of the Alps, but is remark- 
able for the extreme irrezularity of its form, which sug- 
gests problems of much difficulty to the orographer. 
The great majority of the Alpine lakes occupy depres- 
sions or excavations in a single line of valley; and, so 
far as their form is concerned, the facts appear to be 
equally reconcilable with the views of those geologists 
who believe the lake basins to have been hollowed out 
by great glaciers as with those which refer their origin 
to disturbances of relative level, and restrict the action 
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of the ancient glaciers to a secondary part in the result. 
The Lake of Lucerne, however, appears to occupy por- 
tions of four different) valleys, orographically distinct, 
and connected only by narrow and tortuous channels. 
Commencing at its eastern extremity, we have the por- 
tion called the Bay of Uri, which at its southern end 
receives the considerable stream of the Reuss, bearing 
down the drainage of the Alps adjoining the pass of 
St. Gotthard. This extends from south to north about 
8 miles, with an average breadth of less than 2 miles, 
inclosed between steep limestone mountains rising from 
4000 to 5000 feet above its surface. At the north end 
of the Bay of Uri a low tract, only a few miles in width, 
divides the shore of the lake from the little Lake of 
Lowerz, and another similar tract divides the latter 
from the Lake of Zug, so that it seems natural to con- 
clude that if the Bay of Uri had been excavated by 
ice action it would have retained its original direction 
and carried the waters of the Reuss to the Lake of 
Zug. In point of fact the channel of the lake is 
bent abruptly westward round the promontory of 
_ Treib, and extends in the same direction nearly 10 
miles, with the local designation of Buochsersee. 
But this channel is closed at its western end by 
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a low neck of land, and the passage for navigation 
is through a narrow strait, less than half a mile 
wide, which connects the Buochsersee, lying south of 
the Biirgenstein and the Vitznauerstock, with a third 
basin occupying the bottom of the valley which lies 
north of those ridges. Proceeding westward along this 
latter portion of the lake, we find two deep bays, several 
miles in length, opening on either hand, while a third 
extends somewhat north of west to the town of Lucerne. 
The bay on the left hand, opening towards the south- 
west, is called the Alpnachersee, while that on the op- 
posite or northeast side is the Bay of Kiissnacht. At 
the central point where these meet it is seen that they 
lie in a continuous line of valley extending from the 
Briinig Pass to the lake of Zug, as the Bay of Kiiss- 
nacht is separated from the latter only by a low isthmus. 
Those who refuse to regard glaciers as the chief agents 
in the excavation of lake basins ask how it can be sup- 
posed that a glacier from the valley of the Reuss could 
ae accomplished the hollowing out of the middle por- 
tions of the lake, and further inquire whether the ela- 
cier from the valley of Sarnen, which is supposed to 
have excavated the bays of Alpnach and Kiissnacht, 
should not have also cleared away the isthmus between 
the latter and the Lake of Zug, leading the drainage of 
the lake in that direction. The question as to the true 
origin of lake basins in ‘the Alps cannot be satisfac- 
torily discussed until their forms have been determined 
by numerous and accurate soundings, and this has as 
yet been done for the Lake of Como alone. The greatest 
depth hitherto measured in the Lake of Lucerne 
is 1040 feet, but no connected series of sound- 
ings appear to have as yet been made. The mean 
height of the surface above the sea-level is 1437 
feet, or 68 feet higher than the Lake of Zug. 
The irregularity of its form is the chief cause 
of the unequalled variety which characterizes the 
scenery of the Lake of Lucerne, but the geologi- 
cal structure of the mountains that inclose it much 
enhances the effect. Its eastern portion lies amid 
the Secondary limestone rocks which are every- 
where in the Alps marked by sharp peaks and 
ridges and precipitous crags ; the middle part is 
inclosed by great masses of Tertiary conglomer- 
ate, called in Switzerland Nagelfluhe, which con- 
stitutes such mountains as the Righi and the 
Biirgenstein, showing steep faces with gently slop- 
ing summits; while the western extremity is sur- 
rounded by swelling hills richly planted and dot- 
ted with bright looking hamlets or solitary farm- 
houses. The forests which once covered the greater 
part of this region, and give the local designation 
to the four original cantons of Switzerland, have 
been extensively thinned, but enough yet remain 
to add another element ‘to the charms of the scenery. 
Vineyards with their formal rows of stakes are scarcely 
seen on the shores of the lake, but orchards surround most 
of the houses, and the walnut grows to great perfection. 
Lucerne is the only town on the lake. Alidorf, the 
chief town of Uri, stands nearly 2 miles from the head 
of the Bay of Uri, and Schwyz, capital of the canton of 
that name, is more than 3 miles from the shore; but 
since the introduction of steam navigation several of the 
villages on its coast have largely increased in population. 


Modern scepticism has thrown doubt upon many of the 
details in the popular history of the origin of Swiss indepen- 
dence; but it is certain that the shores of this lake nurtured 
the men who commenced the heroic efforts that secured 
freedom for their country. Here at the beginning of the 14th 
century, in an age when nearly all Europe was in the hands 
of feudal oppressors, a handful of mountaineers droye out 
the local tyrants and levelled their strongholds, and a few 
years later, on the fields of Morgarten and Sempach, con- 
tronted and put to flight the chivalry of Austria, The man 
who can visit unmoved the Gritli, the spot, overlooking the 
Bay of Uri, consecrated by popular tradition as the scene of 
the first meeting of the confederates on the night of the 7th 
October, 1307, must be devoid of all sense of the sublime in 
natural scenery and of the heroic in human action. (J. B.) 
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LUCIA, or Lucy, Sir., was a noble Christian virgin 
of Syracuse, who lived in the reign of Diocletian. Her 
mother, having been miraculously cured of an illness at 
the sepulchre of St. Agatha in Catania, was persuaded 
by Lucia to distribute all her wealth to the poor. The 
youth to whom the daughter had been betrothed forth- 
with denounced her to Paschasius the prefect, who 
ordered that she should be taken away and subjected 
to shameful outrage. But it was found that no force 
which could be applied was able to move her from the 
spot on which she stood; even boiling oil and burning 
pitch had no power to hurt her, until at last she was 
slain with the sword. Such in substance is the narrative 
of the appropriate lessons given in the Roman Breviary 
for the festival of St. Lucia on December 13 (duplex) ; 
a later legend represents her as having plucked out her 
eyes when they threatened to become a snare to her 
lover, and as having had them afterwards restored to 
her more beautiful than before. In art she is repre- 
sented as suffering martyrdom, as bearing her eyes on 
a salyer, or as carrying a flaming lamp in her hand; in 
the last case she is the type of celestial light or wisdom 
(comp. Dante, Inf, ii. ; Pirg., ix.; Par, xxxii.). She 
is invoked in eases of eye-disease, and is also regarded 
as the patroness of the laboring poor. 

LUCIAN, one of the principal essay-writers (Aeyoypa- 
got) and satirists of the post-Christian era, the silver 
age of Greek literature, was born at Samosata on the 
Huphrates in northern Syria.'| We have no indication 
of the precise date of his birth, but it is probable that 
he flourished about or after the middle of the 2d cen- 
tury, as he mentions Marcus Aurelius and his war with 
the German Marecomanni and Quadi (170-74 A.D.) in 
his Alexander (2 43). Te tells us in the Somniwn or 
Vita Luciant, 21, that his means being small he was 
at first apprenticed to his maternal uncle, a statuary, 
or rather sculptor of the stone pillars called Hermee.? 
When a schoolboy he had been in the habit of scraping 
the wax from his tablets and using it for moulding 
or modelling little figures of dogs, horses, or men.* 
Having made an unlucky beginning by breaking a 
marble slab, and having been well beaten for it, he 
abseconded and returned home. Here he had a dream 
or vision of two women, representing Statuary and 
Literature. Both plead their cause at length, setting 
forth the advantages and the prospects of their respec- 
tive professions; but the youth chooses Uadeta, and 
decides to pursue learning. Tor some time he seems 
to have made money as a //rep, following the example 
of Demosthenes, on whose merits and patriotism he 
expatiates in the dialogue Demosthenis Hncomium. 
It is clear from his numerous writings that he was 
very familiar with the rival schools of philosophy, and 
he must have well studied their teachings; but he 
lashes them all alike, the Cynics, perhaps, being the 
chief object of his derision.t A large number of philoso- 
phers, both ancient and contemporary, are mentioned 
be name, nearly always in ridicule or disparagement. 
Lucian was not only a sceptic; he was a scoffer and a 
downright unbeliever. He felt that men’s actions and 
conduct always fall far short of their professions, and 
therefore he concluded that the professions themselves 
were worthless, and a mere guise to secure popularity or 
respect. Of Christianity he shows some knowledge, and 
it must have been somewhat largely professed in Syria at 
the close of the 2d century.® In the Philopatris, though 


1 He mentions it only once, in the treatise mas Se? ivropiav ovy- 
ypapew, where he speaks of ryv éunv warpida ra Sapdoara (P24), In 
Piscator (218), he speaks of himself as Svpos tov 'Erevppariwiwv, 

2 The words dpioros éppoyAvdos elvar dSoxdyv (% 8) are probably 
satirical, and really mean Pavidos, “second-rate,” for it is Clear that 
he dislikes his uncle, ® Thid., 22. 

4 Hence Diogenes is made to say in Piseator, ? 23, mp amavras 
UBpirpatr, SC. mpds Aovecavov, In Biwy mpaos (p. 551) the same 
philosopher asserts that “any one will be looked up to and get a 
reputation if only he has impudence and abuse.” At the auction 
Diogenes is valued at twopence (211), That Lucian had practised 
in law courts, and turned his eloquence afterwards against the 
philosophers, is asserted in Piscat., % 25. 

5In the Alewandrus (? 25) we are told that the province of Pon- 
tus, due north of Syria, was " full of Christians,” 
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the dialogue so called is generally regarded as spurious, 
there is a statement of the doctrine of the 'Trinity,° 
and the ‘Galilean who had ascended to the third 


heaven”’ (412), and ‘‘renewed”’ (avexatvioev) Ks the 
waters of baptism, may possibly allude to St. Paul. 


The doctrines of the Adyoc and the “Light of the 

world,”’ and that God is in heaven making a record of 

the good and bad actions of men,’ seem to have come 

from the same source, though the notion of a written 

catalogue of human actions to be used in judgment 
ras familiar to Adschylus and Huripides. 

Asa satirist and a wit Lucian stands without a rival. 
Tn these respects he may be said to oceupy in prose 
literature the unique position which Aristophanes holds 
in Greek poetry. But whether he is a mere satirist, 
who laughs while he lashes, or a misanthrope, who 
hates while he derides, is not very clear. In favor of 
the former view it may be said that the two main ob- 
jects of his ridicule are mythology and the sects of 
philosophy; in favor of the latter, his bitter exposure 
of imposture and chicanery in the Alewander, and the 
very severe attacks he makes on the “humbug”? of 
philosophy,* which he everywhere agsails with the most 
acrimonious and contemptuous epithets. 

As a writer Lucian is fluent, easy, and unaffected, 
and a close follower of the best Attic models, such as 
Plato and the orators. His style is simpler than Plu- 
tarch’s, and some of his compositions, especially the 
Dialogues of the Gods (pp. 204-287) and of the Marine 
Deities (288-327), and above all, the Dialogues of the 
Dead (829-454), are rhodels of witty, polished, and 
accurate Greek composition. Not less clever, though 
rather lax in morality, are the éraipexot didAoyot (pp. 
280-825), which remind us somewhat of the letters of 
Aleiphron. The sarcasms on the popular mythology, 
the conversations of Pluto, Hermes, Charon, and others 
of the powers in Hades, show a positive disbelief of 
any future state of existence. The model Lucian fol- 
lowed in these dialogues, as well in the style as in the 
sparkling and playful repartee, was the Platonie con- 
versations, founded on the drama, of which the dialogue 
may be called the prose representative. Aristotle 
never adopted it, naan? regarding it as beneath the 
true dignity of philosophy. The dialogue, in fact, was 
revived and improved by Lucian,® the old traditions of 
the Avyoroioi and Aoyoypagoz, and above all, the immense 
influence of rhetoric as an art, having thrown some 
discredit on a style of composition which, as introduced 
by Plato, had formed quite a new era in Greek prose 
composition. For rhetoric loved to talk, expatiate, 
and declaim, while dialectic strove to refute by the 
employment of question and answer, often in the 
briefest form. 

In his language, as tested by the best classical models, 
Lucian is at once elegant and correct. But he oceasion- 
ally indulges in idioms’slightly solecistie, as in the use of 
xiv («al dv) with a future or even an imperative, 7) in 
place of od, the particle av misplaced or wrongly added, 
and a subjunctive mood instead of an optative.'? 
Nevertheless, he evinces a perfect mastery over a lan- 
guage as wonderful in its inflections as in its immense 
and varied yoeabulary ; and it is a well-merited praise 
of the author to say that to a good Greek scholar the 


6% 12, dWipdSovra Ocdrvy péyav auBporov obpaviwva, viov Tarpds, 
Ilvedma ék marpos éxmopevdmevor, eu év tproy Kat é& évds Tpla, & PAs- 
sage which bears on the controverted procession “a Patre 
Filioque.” 

7 Tbid., 218, ZEsch., Lum., 265, SeAroypady S& mavr’ drama ppevi. 

8 At p. 792 Hermotimus says to Lycinus (who must be assumed 

to represent Lucian himself), vBprorhs dei od, kat odk oS 6 Te 
rabwy piceis pirogopiay Kai és rods piAovopodvTas amooKwnrets, IN 
re (25) he says he always guessed who were the best 
physical philosophers ‘by their sour-faced looks, their paleness 
of complexion, and the length of their beards.” See also ibid., 
¢ 29, 
. » He says (speaking as Svpos in Bis accusatus, 2 84) that he found 
dialogue somewhat out of repute from the too numerous ques- 
tions (4¢, employed by Plato), and brought it up to a more 
human and natural standard, substituting banter and repartee 
for dialectic quibbles and close logical reasoning, 

WDhus in p. 591, mpoeAdmevor twa ef dravrwy dots apLora KaTHYyOp= 
joa dv Sony, either darts av aprora Soxy Or bates apiora dv SoKoiy 
required by the laws of Attic Greek, 
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pages of Lucian are almost as easy and as entertaining | The only true statement in his /istory, he wittily says 


as an English or French novel. «In this respect they 
form a contrast with the somewhat ‘‘crabbed”’ style 
of Plutarch, many of whose moral treatises are by no 
means easy reading. 

Of course Greek, like every other language, is pro- 
gressive, and the notion of fixing it to any given period 
vas absolutely the best is quite arbitrary. We shall not 
be surprised at finding in Lucian some forms and com- 

ounds which were not in use in the time of Plato or 
emosthenes. ‘Thus, he has trepeidece for brepopac 
(p. 99), eweupévoc as the participle of the perfect 


passive of méumo (p. 240), évoécecke -the pertect of | 


évoeiw (p. 705), to which a purist would object; and 
there are occasional tendencies to Latinism which can 
hardly surprise us. [Fyrom a writer living under Roman 
rule we may expect some Latin words in his vocabu- 
lary, as Zaxépdwc for Sacerdos, and Roman names like 
Mayvoc, Kerodc, KéAnp (Celer), ‘PovriAdiavoc, ete. In 
the Lexiphanes a long passage is read from a treatise 
composed in words of the strangest and most out-of- 
the-way form and sound, on hearing which Lucian 
pretends to be almost driven crazy (p. 342). His own 
sentiments on the propriety of diction are shown by 
his reproof to Lexiphanes (@ 24), ‘Sif anywhere you 
have picked up an out-of-the-way word, or coined one 
which you think good, you labor to adapt the sense of 
it, and think it a loss if you do not succeed in drag- 
ging it in somewhere, even when it is not really 
wanted.’’ The free use of such a vocabulary’ even in sa- 
tire shows Lucian’s intimate knowledge of the spurious 
bombast which had begun to corrupt the classic dialect. 

Lucian founded his style, or obtained his fluency, 
from the successful study of rhetoric, by which he ap- 
pears to have made a good income from composing 
speeches which attracted much attention.? At a later 

eriod in life he seems to have held a lucrative office 
in Egypt. When he ‘‘all but had one foot in Charon’s 
boat’’ (he says in Apologia, 21), ‘‘ he lent his neck 
to be bound by a golden collar.’’ This office was to 
register the actions and verdicts of the law courts,— 
he was a kind of ‘* Master of the Rolls,’’ who had the 
custody of the state documents, and received his 
salary directly from the king (¢bid., 212). He speaks 
of the emoluments as od opuxpde pucbde aad wodvTa- 
davtoc, We do not know the date of Lucian’s death, 
but he may have lived till about 200 A.p. 

The extant works of this writer are so numerous 
that of some of the principal only a short sketch can 
be given. To understand them aright we must. re- 
member that the whole moral code, the entire ‘‘ duty 
of man,”’ was included, in the estimation of the pagan 
Greek, in the various schools of philosophy. As these 
were generally rivals, and the systems they taught 
were more or less directly antagonistic, truth presented 
itself to the inquirer, not as one, -but as manifold. The 
absurdity and the impossibility of this forms the bur- 
den of all Lucian’s writings. He could only form one 
conclusion, viz., that there is no such a thing as truth. 

One of the best written and most amusing treatises 
of antiquity is Lucian’s 7rwe LHistory, which forms a 
rather long narrative in two books. It is composed, 
he says in a brief introduction, not only as a pastime 
and a diversion from severer studies, but avowedly as 
a satire (ovK akopdjroc, p. 71) on the poets and logo- 
graphers who have written so many marvellous tales, 
TOAAG Tepdotia Kal wvdddn. He names Ctesias and Ho- 
mer; but Hellanicus and Herodotus, perhaps other 
aoyoro.oi still earlier, appear to have been in his mind.* 

1 Jn describing a banquet Lexiphanes says (7 7), wornpta dé Exevto 
wavroia emi THs SeApuvidos Tparesys, 0 KpUieTwros Kal TpUNALS LEVTO- 
poupyns evAaby éxovea Ty KépKkov Kai BouBvAcos Kai SecpoK’mEedAOV Kat 
ynyevy TOAKG ola OnprkAns mTa, evpvxady TE kat GAA EVOTOMLA, TA MEV 
Dwxanbev, 7a 5€ Kyidd0ev, ravra wévtoe avenopdpyta kai VuevooTpaka, 

© Bis accusat. (¢ 27), where Rhetoric declares she had enriched 
him, zpotka ov pixpay éemeveveyKaméevyn TOAAOVS Kai Oavjaciovs Adyous, 

3 In p. 127 he says that he saw punished in Hades, more se- 
verely than any other sinners, writers of false narratives, among 
whom were Ctesias of Cnidus and Herodotus. Yet in the short 


essay inscribed Herodotus, p. 831, he wishes it were possible for 
him to imitate the many excellencies of that writer. 


(p. 72), is that it contains nothing but lies from be- 
ginning to end. 

The main purport of the story is to describe a voy- 
age to the moon. He set out, he tells us, with fifty 
companions, in a well-provisioned ship, from the ‘‘ Pil- 
lars of Hercules,’’ intending to explore the western 
ocean. After eighty days’ rough sailing they came to 
an island on which they found a Greek inscription, 
‘‘This was the limit of the expedition of Heracles and 
Dionysus ;’’ and the visit of the wine-god seemed at- 
tested by some miraculous vines which they found 
there. After leaving the island they were suddenly 
carried up, ship and all, by a whirlwind into the air, 
and on the eighth day came in sight of a great round 
island shining with a bright light (p. 77), and lying a 
little above the moon. In a short time they are 
arrested by a troop of gigantic ‘‘ horse-vultures”’ 
(irréyuroc), and brought as captives to the ‘‘man in 
the moon,’’ who proves to be Hndymion. He is en- 
gaged in a war with the inhabitants of the sun, which 
is ruled by King Phaethon, the quarrel having arisen 
from an attempt to colonize the planet Venus (Luci- 
fer), The voyagers are enlisted as ‘‘ Moonites,’’ and 
a long description follows of the monsters and flying 
dragons engaged in the contest. A fight ensues, in 
which the slaughter is so great that the very clouds 
are tinged with red (p. 84). The long description of 
the inhabitants of the moon is extremely droll and 
original, and has often been more or less closely imi- 
tated. After descending safely into the sea, the ship 
is swallowed by a huge “sea serpent’’ more than 100 
miles long. The adventures during the long confine- 
ment in the creature’s belly are most amusing; but at 
last they sail out through the chinks between the 
monster’s teeth, and soon find themselves at the ‘‘ For- 
tunate Islands.’’ Here they meet with the spirits of 
heroes and philosophers of antiquity, on whom the 
author expatiates at some length. The tale comes to 
an abrupt end with an allusion to Herodotus in the 
promise that he ‘‘ will tell the rest in his next books.” 
The story throughout is written in easy and elegant 
Greek, and shows the most fertile invention. 

Another curious and rather long treatise is entitled 
Aoixcoc } ovoc. The authorship is regarded as doubt- 
ful; the style, as it seems to us, does not betray an- 
other hand. Parts of the story are coarse enough; 
the point turns on one Lucius visiting in a Thessalian 
family, in which the lady of the house was a sorceress. 
Having seen her changed into a bird by anointing her- 
self with some potent drug, he resolves to try a similar 
experiment on himself, but finds that he has become 
an ass, retaining, however, his human senses and 
memory. ‘The mistake arose from his having filched 
the wrong ointment; however, he is assured by the 
attendant, Paleestra, that if he can but procure roses 
to eat, his natural form will be restored. In the night 
a party of bandits break into the house and carry off 
the stolen goods into the mountains on the back of the 
unfortunate donkey, who gets well beaten for stum- 
bling on the rough road. Seeing, as he fancies, some 
roses in a garden, he goes in quest of them, and again 
gets beaten as a thief by the gardener (p. 585). 
After many adventures with the bandits, he attempts 
to run away, but is caught. A council is held, and he 
is condemned to die along with a captive girl who had 
essayed to escape on his back. Suddenly, however, 
soldiers appear, and the bandits are arrested (p. 595). 
Again the ass escapes ‘‘to the great and populous 
city of Bercea in Macedonia’’ (p. 603). Here he is 
sold to a strolling conjurer, afterwards to a market- 
gardener; and both experiences are alike painful. 
Again he passes into the possession of a cook, where 
he gets fat and sleek on food more suited to his con- 
cealed humanity than the hard fare he has of late 
lived upon (p. 614). At last, during an exhibition in 
the theatre, he sees some roses being carried past, and, 
making a successful rush to devour them, he recovers 
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his former shape. ‘‘I am Lncius,’”’ he exclaims to 
the wondering president of the exhibition, ‘‘and my 
brother's name is Caius. It was a Thessalian witch 
that changed me into a donkey.’’? Thus all ends well, 
and he returns safe to his-country. Droll and graphic 
as many of the adventures are, they but too clearly 
show the profligate morals of the age. 

The treatise On the Syrian Goddess (Mylitta, the 
moon-goddess, the Semitic Venus) is written in the 
Tonic dialect in imitation perhaps of the style of Hero- 
dotus, though the resemblance is by no means close. 
The writer professes to be an Assyrian (p. 452), and 
to describe ‘ie wonders in the various temples of Pal- 
estine and Syria; he descants on the eunuchs of Syria 
and the origin of the self-imposed privation of man- 
hood professed and practised by the Galli. The ac- 
count of the temples, altars, and sacrifices is curious, 
if really authentic; after the manner of Pausaniasg it 
is little more than a list, with the reasons in most cases 
added, or the origin of the custom explained. 

De Morte Peregrini is a narrative of one Proteus a 
Cynic, who after professing various doctrines, and 
among them those of Christianity, ended his own life 
by ascending a burning pyre (p. 357).'. The founder 
of the Christian religion is described (p. 334) as ‘‘the 
man who had been crucified (or fixed toa stake, 
avackosorobévra) in Palestine,’’ and as one “ still wor- 
shipped for having introduced a new code of morals 
into life.’”’ The zeal of the early converts is shown by 
their flocking to the prison when Proteus had been 
arrested, by the sympathy conveyed from distant cities 
of Asia (p. 336), by contributions of money for his sup- 
port, and by their total indifference to life; for ‘‘ the 
poor wretches have persuaded themselves that they 
will live forever.’’ The founder of the religion, ‘‘ that 
first lawgiver of theirs,’’ says Lucian, ‘‘ made them 
believe that they are all brothers when once they have 
abjured the gods of Greece and worshipped the cruci- 
fied man who is their teacher, and have begun to live 
according to his laws’’ (p. 337). 

Bis aceusatus is a dialogue commencing with a satire 
on the folly of the popular notion that the gods alone 
are happy. Zeus is represented as disproving this 
by enumerating the many and heavy duties that fall 
to their lot in the government of the world, and 
Hermes remarks on the vast crowds of philosophers 
of rival sects, by whose influence the respect and 
worship formerly paid to the gods have seriously de- 
clined. A trial is supposed to be held under the presi- 
dency of the goddess Aix, between the Academy, the 
Porch, the schools of the Cynics and Epicureans, and 
Pleasure, Revelry, Virtue, Luxury, etce., as variously 
impugned or defended by them. Then Conversation 
and Rhetoric come before the court, each having an 
action for defamation to bring against Syrus the essay- 
ist, who of course is Lucian himself (p. 823). His 
defence is heard against the charges of both, and in 
both cases he is triumphantly acquitted. This essay 
is brilliant from its clever parodies of Plato and Demos- 
thenes, and the satire on the Socratic method of argu- 
ing by short questions and answers. 

The Lover of Lying (&ovednc) discusses the reason 
why some persons seem to take pleasure in falsehood 
for its own sake, and when there is nothing to be 
gained by it. Under the category of lying all my- 
thology (e. g., that of Homer and Hesiod) is included, 
and the question is asked, why the hearers of such 
stories are amused by them? Quack remedies. charms, 
and miraculous cures are included among the most 
popular kinds of falsehood; witchcraft, spiritualism, 
exorcism, expulsion of devils, spectres, are discussed 
in turn, and a good ghost story is told in p. 57. An 
anecdote is given of Democritus, who, to show his dis- 
belief in ghosts, had shut himself up in a tomb, and 
when some young men, dressed up with death’s heads, 
came to frighten him at night, and suddenly appeared 


1 It is open to controversy whether he was not a martyr at the 
stake. 
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to him while he was engaged in writing, he did not 
even look up, but atted out to them, ‘‘Stop your 
joking”’ (p. 59). This treatise, a very interestin 
one, concludes with the reflection that truth and soun 
reason are the only remedies for vain and superstitious 
terrors. 

The dialogue Navigium sew Vota (Uoiov } ebyat) 
gives an apparently authentic account of the measure- 
ments and fittings of an Egyptian ship which has ar- 
rived with a cargo of corn at the Pirseus, driven out of 
its course to Italy by adverse winds. The full length 
is 180 feet, the breadth nearly 50, the depth from deck 
to the bottom of the hold 43 feet. The ‘‘ wishes” 
turn on a party of friends, who have been to see the 
ship, declaring what they would most desire to pos- 
sess. One would have the ship filled with gold 
another a fine house with gold visti a third would 
be a ‘‘tyrant’’ with alarge force devoted to his inter- 
ests; a fourth would like to make himself invisible, 
enter any house that he pleased, and be transported 
through the air to the objects of his affection. After 
hearing them all, the first. speaker, Lycinus (Lucian), 
says that he is content with the privilege of laughing 
heartily at the vanity of human wishes, especially 
when they are those of professed philosophers. 

The dialogue between Philo ode Lycinus, Convivinm 
sew Lapithw, isa very amusing description of a ban- 
quet, at which a party of’ dignified philosophers quar- 
relled over their viands at a marriage feast, and came 
to blows. The style is a good imitation of Plato, and 
the scene reminds one of the ‘‘ clients’ dinner’’ in the 
fifth satire of Juvenal. One of the party is so irri- 
tated by taunts that he flings a goblet half full of wine 
at the head of another, who retorts by spitting in the 
face of the aggressor (p. 441). Matters came to a cli- 
max by the attempt of one of the guests, Zenothemis, 
to secure for himself a fatter fowl which had been 
served to his next neighbor Hermon. ach seizes his 
bird and hits the other with it in the face, at the same 
time pulling his beard. Then a general fight ensues, and- 
serious wounds are inflicted, The story is, of course, 
a satire on philosophy, the favorite topie of a writer 
who believed neither in gods nor in men. 

The Piscator, a dialogue between Lucian, Socrates, 
Pythagoras, Empedocles, Plato, and others, com- 
mences with a general attack on the author as the 
enemy of philosophy. Socrates proposes that the cul- 
prit pool be tried, and that Philosophia should 
assist in the prosecution. Lucian declares that he 
does not know where such a person lives, long as — 
he has been looking for her (411). She is found at 
last, but declares Lucian has never disparaged 
her, but only impostors and pretenders under her 
name (715). He makes a long defence (pp. 598-606), 
abusing the philosophers in the sort of language in 
which some schools of theologians abuse the monks of 
the Middle Ages (7 24). he trial is held in the 
Acropolis of Athens, and the sham philosophers, 
dreading a verdict against them, throw themselves 
from the rock. A Cynic flings away his serip in the 
hurry, and on examination it is found to contain, not 
books or loaves of bread, but gold coins, dice, and fra- 
grant essences (7 44). The title of Misherman is given 
to this witty treatise, because at the end Lucian baits 
his hook with a fig and a gold coin, and-eatches glut- 
tonous strollers in the city while seated on the wall of 
the Acropolis. c 

The Voyage Home (Karér2ovc) opens with the com- 
plaint that Charon’s boat is kept waiting for Hermes, 
who soon appears with his troop of ghosts to be fer- 
ried over the infernal river. Among them is a 
ripavvoc, one Megapenthes, who, as his name is in- 
tended to express, mourns greatly over the life he 
has just left. Amusing appea's are made by other 
souls for leave to return to life, and even bribes 
are offered to the presiding goddess of destiny, but Clo- 
tho is, of course, inexorable. The moral of the piece is 
closely like that of the parable of Dives and Lazarus: 
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the rich and prosperous bewail their fate, while the poor 
and afflicted find rest from their troubles, and have no 
desire to return to them, The ripavvee here is the 
man clothed in purple and fine linen, and Lueian 


shows the same bitter dislike of tyrants which Plato | 


and the tragic writers display. The heavy penalty is 


adjudged to Megapenthes that he may ever remember | 


in the other world the misdeeds done in life. 

The Sale of Lives is an auction held by Zeus to see 
what price the lives of philosophers of the rival sects 
will bring. A Pythagorean, who speaks in the Tonic, 
first undergoes an examination as to what he can 
teach, and this contains an enumeration of the doc- 
trines usually ascribed to that sect, including metem- 
psychosis. He is valued at 7s. 6d., and is sue- 
ceeded by Diogenes, who avows himself the champion 
of truth, a cosmopolitan (#8), and the enemy of 
pleasure. Socrates brings two talents, and is pur- 
chased by Dion, tyrant of Syracuse (219), Chrysip- 
pus, who gives some specimens of his clever quibbles! 
1s bought for fifty pounds, Aristotle for nearly a hun- 
dred, while Pyrrho, the sceptic (or one of’ his school), 
who professes to ‘S know nothing,”’ brings four pounds, 
“because he is dull and stupid and has no more sense 
than a grub’’ (227). But the man raises a doubt, 
“whether or not he has really been bought,’’ and re- 
fuses to go with the purchaser till he has fully consid- 
ered the matter. 

Timon is a very amusing and witty dialogue. The 
misanthrope, once wealthy, has become a poor farm- 
laborer, and reproaches Zeus for his indifference to the 
injustice of man. Zeus declares that the noisy disputes 
in Attica have so disgusted him that he has not been 
there for a long time (29). He tells Hermes to con- 
duct Plutus to visit Timon, and see what can be done 
to help him. Plutus, who at first refuses to go, is per- 
suaded after a long conversation with Hermes, and 
Timon is found by them digging in his field (2 31), 
Poverty is unwilling to resign her votary to wealth ; 
and Timon himself, who has become a thorough mis- 
anthrope, objects to be made rich again, and is with 
difficulty persuaded to turn up with his mattock a 
erock of gold coins. Now that he has once more be- 
come rich, his former flatterers, who had long left him, 
come cringing with their congratulations and respects, 
but they ave all driven off with broken heads or pelted 
with stones. Between this dialogue and the Piutus 
of Aristophanes there are many close resemblances. 

Hermotinus (pp. 739-831) is one of the longer dia- 
logues, Hermotimus, a student of the Stoie philosophy 
for twenty years (2 2), and Lucian (Lycinus) being the 
interlocutors. ‘he long time—forty years at the least 
—required for climbing up to the temple of virtue 
and happiness, and the short span of life, if any, left 
for the enjoyment of it, are discussed. That the 

reatest, philosophers do not always attain perfect 
indifference, the Stoic wtimatum, is shown i the 
aneedote of one who dragged his pupil into court to 
make him pay his fee (¢@ 9), and again by a violent 
quarrel with another at a banquet (¢ 11), Virtue is 
compared to a city with just, and good, and contented 
inhabitants; but so many offer themselves as guides to 
the right road to virtue that tle inquirer is bewil- 
dered (426). What is truth, and who are the right 
teachers of it, still remains undetermined. ‘The quos- 
tion is ar ued at length, and illustrated by a peculiar 
custom of watching the pairs of athletes and setting 
aside the reserved combatant (wdpedpoc) at the Olym- 
ian games by the marks on the ballots (4 40-43). 
This, it is argued, cannot be done till all the ballots 
have been examined ; so a man cannot select the right 
way till he has tried all the ways to virtue. But to 
know the doctrines of all the sects is impossible in the 


4. g., 225, “ A stone is a body; a living creature isa body; you 
are a living creature; therefore you are a stone.” Again; ‘Is 
every body possessed of life?” “No.” ‘Ts a stone possessed of 
tite?” “No.” “Are youabody?” ‘Yes.’ “A living body?" 
“Vou.” “Then, if aliving body, you ate not a stone,” 
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term of a life (249). To take a taste of each, like try- 
ing a sample of wine, will not do, because the doe- 
trines fatal are not, like the crock of wine, the same 
throughout, but vary or advance day by day (2 59). 
A suggestion is made (2 68), that the searcher after 
truth should begin by taking lessons in the science of 
discrimination, so as to be a good judge of truth be- 
fore testing the rival claims. But who is a good 
teacher of such a science? (270), The general con- 
clusion of this well-argued inquiry is that philosophy 
is nob worth the pursuit. “Lf [ ever again,”’ says 
Hermotimus, ‘* meet a philosopher on the road, T will 
shun him as [ would a mad dog,”’ 

The Alexander or False Prophet is a severe expo- 
sure of a clever rogue who seems to have incurred the 
personal enmity of Lucian (pp. 208-265). Born at 
Abonoteichus In Bithynia, a town on the southern 
shore of the Kuxine, he is denounced as having filled all 
the Roman province of Asia with his villainy and 
AUR oeRt ng. Handsome, clever, and unprincipled, he 
iad been instructed in the arts of imposture by one 
of the disciples of Apollonius of 'Tyana. Trusting to 
the natural credulity of Asiaties (29), he sets up an 
oracle in his native town, haying buried some brazen 
tablets which pretended that Msculapius would be 
worshipped in a temple there. A long account, is 
given of the frauds and deceptions of this pretended 
hicrophant, and the narrative ends with his treacher- 
ous attempt to drown Lucian off the coast of Amas- 
tris bya secret order given to the pilot, —a desien which 
was frustrated by the honesty of the man (4 56). 

The Anacharsis is a dialogue between Solon and the 

Seythian philosopher, who has come to Athens on 
purpose to learn the nature of the Greck institutions. 
Seeing the young men performing athletic exercises in 
the Lyceum, he expresses his surprise at such a waste 
of energy and the endurance of so much useless pain. 
my: ‘ ‘ . . . 
Chis gives Solon an opportunity of descanting at 
length on training as a discipline, and emulation as a 
motive for excelling. Love of glory, Solon’ says, is 
one of the chief goods in life. The argument is 
rather ingenious and well put; the style reminds us 
of the minor essays of Xenophon, 


Tnall, one hundred and twenty-four extant treatises of Lu- 
cian (excluding about fifty opigrams and two iambic pooms 
of no great merit) are considered genuine. We have given a 
brief account of some of the longest and best, but many oth- 
ors, é. (., Prometheus, Menippus, Life of Demonar, Toraris, Zeus 
Tragadus, The Dream of the Coch, Icaromenippus (un wnusing 
satire on the physical philosophers), are of considerable lit- 
erary value, The excellent edition of C. Jacobitz, in the 
Teubner series, which is furnished with a vory complete 
index, places the text in the student's hand in amuch more 
satisfactory state than has yet fullon to the lot of Plutarch 
in his Opera Moralia, CEA o) 


LUCIAN, the martyr, was born, like the famous 
heathen writer of the same name, at Samosata, tis 
parents, who were Christians, died when he was in his 
twelfth year, In his youth he studied under Macarius 
of Kdessa, and after receiving baptism he adopted a 
strictly ascetic life, and devoted himself with zeal to 
the continual study of Seripture. Settling at Antioch 
he became a presbyter, et while supporting himsolt 
by his skill as a swift writer, became celebrated as a 
teacher, pupils crowding to him from all quarters, so 
that he is regarded as the founder of the famous theo- 
logical school of Antioch. He did not escape suspicion 
of heresy, and is represented as the connecting link 
between Paul of Samosata and Arius. Indeed, on the 
deposition of the former, he was excluded from eccle- 
siastical fellowship by three successive bishops of Anti- 
och, while the latter seoms to have been among his 
pupils as ea) IT, I., i. 8, 4). Tle was, however, 
restored before the outbreak of persecution, and the 
reputation won by his high character and learning 
was confirmed by his courageous martyrdom, Tle was 
carried to Nicomedia before the cruel Maximin, and 
persisting in his faith perished 312 A.D., under torture 
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and hunger, which he refused to satisfy with food 
offered to idols. His remains were conveyed to Dre- 
panum in Bithynia, and under Constantine the town 
was founded anew in his honor with the name of 
Helenopolis, and exempted from taxes by the emperor 
(327 A.D., see Chron. Pasch., Bonn ed., p. 527). 
Here, on the day after Epiphany 387 A.p. (the day on 
which his martyrdom was commemorated), Chrysostom 
delivered the panegyrical homily from which, with 
notices in Husebius (//. #., ix. 6), Theodoret (loc. cit. ), 
and the other ecclesiastical historians, the life by 
Jerome (Vir. JIl., cap. 77), but especially from the 
account by 8. Metaphrastes (cited at length in Bern- 
hardy’s notes to Suidas, s.v. volver), the facts above 
given are derived. See also, for the celebration of his 
day in the Syriac churches, Wright, Cat. of Syr. 
MSS., p. 283. 


Jerome says, “ Feruntur ejus de Fide libelli et breves ad 
nonnullos epistole”; but only a short fragment of one 
epistle remains (Chron. Pasch., p. 516). The authorship of 
a confession of faith ascribed to Lucian and put forth at 
the semi-Arian synod of Antioch (341 A.D.) is questioned, 
Lucian’s most important literary labor was his edition of 
the Septuagint corrected by the Hebrew text, which, ac- 
cording to Jerome (Adv, Ruf., ii. 77), was in eurrent use 
from Constantinople to Antioch. Thatthe edition of Lucian 
is represented by the text used by Chrysostom and Theo- 
doret, as well as by certain extant MSS., such as the Arun- 
delian of the British Museum, was proved by F. Field (Prol. 
ad Origenis Hexapla, cap. ix.), who points out that Lucian 
filled up lacune of the Septuagint text as compared with 
the Hebrew from the other Greek translations, that his 
method was harmonistic, and that he sometimes indulged 
in paraphrastic additions and other changes. Before the 
publication of Field’s Hevapla, Lagarde had already directed 
his attention to the Antiochian text (as that of Lucian may 
be called). See his Symmicta (ii. 142), and Ankiindigung 
einer nenen Ausg. d. gr. Uebersetzung des A. T. (1882), in which 
an edition of this recension is promised, and the means for 
effecting it described. The accomplishment of this task 
may be looked to as the first step in the process of tracing 
backwards the history of the Septuagint. 

From a statement of Jerome in his preface to the gospels 
it seems probable that Lucian had also a share in fixing the 
Syrian recension of the New Testament text, but of this it 
is impossible to speak with certainty. Compare the intro- 
ductory volume of Westcott and Hort’s New Yestament, p. 
138. 

LUCIFER, bishop of Cagliari (hence called Cala- 
ritanus or rather Caralitanus), an ardent supporter of 
the cause of Athanasius, after the unfavorable result 
of the synod of Arles in 353 volunteered to go to the 
court and endeavor to obtain a new and impartial 
council; he was accordingly sent by Pope Tike ee 
along with Pancratius the presbyter and Hilarius the 
deacon, but did not succeed in preventing the condem- 
nation of Athanasius, which was renewed at Milan in 
355. For his own persistent adherence to the ortho- 
dox creed he was banished to Germanicia in Comma- 
gene; heafterwards lived at Kleutheropolis in Palestine, 
and finally in the upper Thebaid. His exile came to 
an end with the publication of Julian’s edict in 362. 
From 363 until his death in 371 he lived at Cagliari in 
a state of voluntary separation from ecclesiastical 
fellowship with his former friends Husebius of Vercelli, 
Athanasius, and the rest, on account of their mild de- 
cision at the synod of Alexandria in 362 with refer- 
ence to the treatment of those who had unwillingly 
Arianized under the persecutions of Constantius. The 
Luciferian sect thus founded did not continue to sub- 
sist long after the death of its leader. It is doubtful 
whether it ever formulated any distinctive doctrine; 
certainly it developed none of any importance. The 
memory of Lucifer is still cherished in Sardinia; but, 
although popularly regarded there as a saint, he has 
never been canonized. 


The controversial writings of Lucifer, dating from his 
exile, are chiefly remarkable for their passionate zeal and 
for the boldness and violence of the language addressed to 
the reigning emperor, whom he did not scruple to call the 
enemy of God and asecond Saul, Ahab, and Jeroboam. 
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Their titles, in the most probable chronological order, are 
De non parcendis in Deum delinquentibus, De regibus apostaticis, 
Ad Constantium Augustum pro Athanasio libri it., De non con- 
veniendo cum hereticis, and Moriendiwum esse pro Pilio Dei. Their 
quotations of Scripture are of considerable value to the 
critical student of the Latin text before Jerome, They 
were first collected and edited by Tilius (Paris, 1586), and 
afterwards reprinted in the Bibliotheca Patrum (1618); the 
best edition is that of the brothers Colet (Venice, 1778). 


LUCILIUS. Among the early Roman poets, of 
whose writings only fragments have been preserved, 
Lucilius was second in importance to Hnnius. If he 
did not, like the epic poet of the republic, touch the 
imagination of his countrymen, and give expression to 
their highest ideal of national life, he exactly hit their 
ordinary mood, and expressed the energetic, critical, 
and combative temper which they carried into political 
and social life. He was thus regarded as the most 
genuine literary representative of the pure Roman 
spirit. The reputation which he enjoyed in the best 
ages of Roman literature is proved by the terms in 
which Cicero and Horace speak of him.  Persius, 
Juvenal, and Quintilian he for the admiration with 
which he was regarded in the first century of the em- 
pire. The popularity which he enjoyed in his own 
time is attested by the fact that at his death in 102 
B.C., although he had filled none of the offices of state, 
he received the honor of a public funeral. 

His chief claim to distinction is his literary origi- 
nality. He alone among Roman writers established a 
new form of composition. He may be ealled the in- 
ventor of poetical satire, as he was the first to impress 
upon the rude inartistic medley, known to the Romans 
by the name of satura, that character of aggressive 
and censorious criticism of persons, morals, manners, 
polities, literature, ete., which the word satire has ever 
since denoted. In point of form the satire of Lucilius 
owed nothing to the Greeks. It was a legitimate devel- 
opment of an indigenous dramatic entertainment, popu- 
laramong the Romans before the first introduction of the 
forms of Greek art among them; and it seems largely 
also to have employed the form of the familiar epistle 
which circumstances had developed among them about 
the time when Lucilius flourished. But the style, sub- 
stance, and spirit of his writings were apparently as 
original as the form. He seems to have commenced his 
poetical career by ridiculing and parodying the conven- 
tional language of epic and tragic poetry, and to have 
used in his own writings the language commonly em- 
ployed in the social intercourse of educated men. 
eos his frequent use of Greek words, phrases, and 
quotations, reprehended by Horace, was probably 
taken from the actual practice of men, powerfully 
stimulated by the new learning, who found their own 
speech as yet inadequate to give free expression to the 
new ideas and impressions which they derived from 
their first contact with Greek philosophy, rhetoric, and 
poetry. Further, he not only created a style of his 
own, but, instead of taking the substance of his writ- 
ings from Greek poetry, or from a remote past, he 
treated of the familiar matters of daily life, of the per- 
sonal interests‘and peculiarities of himself or his con- 
temporaries, of the politics, the wars, the government 
of i provinces, the administration of justice, the 
fashions and tastes, the eating and drinking, the 
money-making and money-spending, the scandals and 
vices, the airs and affectations, which made up the 
public and private life of Rome in the last quarter of 
the second century before our era. This he did ina 
singularly frank, independent, and courageous spirit, 
with no private ambition to serve, or party cause to 
advance, but with an honest desire to expose the 
iniquity or incompetence of the governing body, the 
sordid aims of the middle class, and the corruption and 
yenality of the city mob. There was nothing of stoical 
austerity or of rhetorical indignation in the tone in 
which he treated the vices and follies of his time. His 
character and tastes were much more akin to those of 
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Horace than of either Persius or Juvenal. But he 
was what Horace was not, a thoroughly good hater; 
and he lived at a time when the utmost freedom of 
speech and the most unrestrained indulgence of public 
and private animosity were the characteristics of men 
who took a prominent part in affairs. Although Lu- 
cilius took no active part in the public life of his time, 
he regarded it in the spirit, not of a recluse or a mere 
student of books, but of aman of the world and of 
society, as well as a man of letters. His ideal of public 
virtue and private worth had been formed by intimate 
association with the greatest and best of the soldiers 
and statesmen of an older generation. — - 

The dates assigned by Jerome for his birth and death 
are 148 and 103 or 102 B.c. But it is impossible to 
reconcile the first. of these dates with other facts re- 
corded of him. We learn from Velleius that he served 
under Scipio at the siege of Numantia in the year 134 B.c. 
We learn from Horace that he lived on the most inti- 
mate terms of friendship with Scipio and Leelius, and 
that he celebrated the exploits and virtues of the former 
in his satires. Fragments of those books of his satires 
which seem to have been first given to the world (books 
xxvi.-xxix.) clearly indicate that they were written in 
the lifetime of Scipio. Some of these bring the poet 
before us as either corresponding with, or engaged in 
ba ha conversation with, his great friend. One 
ine— 

“Percrepa pugnam Popilli, facta Corneli cane—”’ 


in which the defeat of M. Popillius Laenas, in 138 B.c., 
is contrasted with the subsequent success of Scipio, 
bears the stamp of having been written while the news 
of the capture of Numantia was still fresh. It is in 
the highest degree improbable that Lucilius served in 
the army at the age of fourteen; it is still more un- 
likely that he could have been admitted into the 
familiar intimacy of Scipio and Leelius at that age. It 
seems a moral impossibibity that between the age of 
fifteen and nineteen—i.e., between 133 B.c, and 129 
B.C., the year of Scipio's death—he could have come 
before the world as the author of an entirely new kind 
of composition, and one which, to be at all successful, 
demands especially maturity of judgment and expe- 
rience. It may further be said that the well-known 
words of Horace, in which he characterizes the vivid 
poe of his life, character, and thoughts, which 
ucilius bequeathed to the world, 


“quo fit ut omnis 
Votiva pateat veluti descripta tabella 
Vita senis,”} 


lose much of their force unless senzs is to be taken in its 
ordinary sense,—which it cannot be if Lucilius died at 
the age of forty-six. Two explanations have been 
given of the error. One is that, from a similarity in 
the names of the consuls for the years 180 and 148 
B.C., Jerome had confused the one year with the other, 
and thus that the date of the birth of Lucilius must 
be thrown back thirty-two years. He would thus have 
been nearly fifty when he served at Numantia, and 
when he first began to write satire. But the terms 
which Horace applies to the intimacy of Lucilius and 
Scipio, such as ‘‘discincti ludere,”’ indicate the rela- 
tions of an older to a much younger man; and the 
verve and tone of his satires are those of a man not so 
far advanced in years as he would have been if born in 
the year 180 B.c._ A simpler explanation of the error 
is supported by Mr. Munro, in the Journal of Philol- 
ogy, No. xvi. He supposes that Jerome must have 
written the words ‘‘anno xlvi.’’ for ‘anno lxiy.’”’ or 
“Vxvi.”’; which would make the birth of Lucilius 
eighteen or twenty years earlier than that usually 
assiened. Lucilius would thus have been about thirty- 
three or thirty-five years of age when he served at 
Numantia, and two or three years older when he gaye 


_1“And so it happens that the whole life of the old man stands 
Clearly before us, as ifit were represented on a votive picture.” 
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his first satires to the world. As he lived for about 
thirty years longer, and as he seems to have continued 
the composition of his satires during most of what 
remained of his life, and as it was his practice to com- 
mit to them all his private thoughts, the words of 
Horace would arate and truthfully deseribe the 
record of his observation and experience between the 
age of thirty-five and his death. His birthplace was 
Suessa Aurunca in Campania, from which circum- 
stance Juvenal describes fim as “magnus Auruncee 
alumnus.’’ He belonged to the equestrian order, a 
fact indicated by Horace’s notice of himself’ as ‘‘ infra 
Lucili censum.’’ He was granduncle to Pompey, on 
the mother’s side. Though not himself belonging to 
any of the great senatorian families, he was in a posi- 
tion to associate with them on equal terms, and to 
criticise them with independence. And this cireum- 
stance contributed to the boldness, originality, and 
thoroughly national character of his literary work. 
Had he been a ‘‘ semi-Greecus,”’ like Hnnius and Pacu- 
vius, or of humble origin, like Plautus, erence, or 
Accius, he would searcely have ventured, at a time 
when the senatorian power was strongly in the ascend- 
ant, to revive the réle which had proved disastrous to 
Nevius; por would he have had the intimate knowl- 
edge of the political and social life of his day which 
fitted him to be its painter. Another circumstance 
determining the bent of his mind to satire was the 
character of the time in which he began the work of 
his life. The origin of Roman political and social 
satire is to be traced to the same disturbing and disor- 
ganizing forces which led to the revolutionary projects 
and legislation of the Gracchi. 


The remains of Lucilius extend to about eleven hundred 
lines. But much the largest number of his fragments are 
unconnected lines, preseryed by late grammarians, as illus- 
trative of peculiar verbal usages. He was, for his time, a 
voluminous as well as a very discursive writer. He left 
behind him thirty books of satires, and there is reason to 
believe that each book, like the books of Horace and Ju- 
venal, was composed of different pieces. The order in 
which they were known to the gramimarians was not that 
in which they were written. The earliest in order of com- 
position were probably those numbered trom xxvi. to xxix., 
which were written in the trochaic and iambic metres that 
had been employed by Ennius and Pacuvius in their Sature. 
In these he made those criticisms on the older tragi¢ and 
epic poets of which Horace and other ancient writers speak, 
In them too he speaks of the Numantine War as recently 
finished, and of Scipio as still living. Book i., on the otber 
hand, in which the philosopher Carneades, who died in 128 
B.C., is spoken of as dead, must haye been written after the 
death of Scipio. With the exception of books xxvi.-xxix., 
and one satire in which he seems to have made an experi- 
ment in the unfamiliar elegiac metre, all the satires of 
Lucilius were written in hexameters. So far as an opinion 
can be formed from a number of unconnected fragments, 
he seems to have written the trochaic tetrameter with a 
smoothness, clearness, and simplicity which he never at- 
tained in handling the hexameter. The longer fragments 
produce the impression of great discursiveness and care- 
lessness, but at the same time of considerable force, The 
words of Horace, “fluere lutulentum,” seem exactly to ex- 
press the character of his style. He appears, in the compo- 
sition of his various pieces, to have followed no settled plan, 
but to have treated everything that occurred to him in the 
most desultory fashion, sometimes adopting the form of 
dialogue, sometimes that of an epistle or an imaginary dis- 
course, and often to have spoken in his own name giving 
an account of his travels and adventures, or of amusing 
scenes that he had witnessed, or expressing the results of 
his private meditations and experiences. Like Horace he 
largely illustrated his own observations by personal anec- 
dotes and fables. The fragments clearly show how often 
Horace has imitated him, not only in expression, but in 
the form of his satires (see for instance i. 5 and ii. 2), in 
the topics which he treats of, and the class of social vices 
and the types of character which he satirizes. For students 
of Latin literature, the chief interest of studying the frag- 
ments of Lucilius consists in the light which they throw on 
the aims and methods of Horace in the composition of his 
satires, and, though not to the same extent, of his epistles. 
But they are important also as materials for linguistic 
study; and they have a considerable historical value as 
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throwing light on the feeling, temper, circumstances, and 


character of a most interesting time, of which there is | 


scarcely any other contemporary record. 


The best edition of the Fragments is that of L. Miller | 


(1872). A collection of them by Lachmann has appeared 
since his death. The emendation of these fragments still 
employs the ingenuity of both German and English schol- 
ars. Important contributions to the suhject have been 
made by Mr. Munro in the Jowrnal of Philology. 

Wises.) 


LUCIUS, the name of three popes. 

Lucius I., whose pontificate of about eight months 
(253-54) fell between those of Cornelius and Stephen 
[., had been one of the presbyters who accompanied 
Cornelius when he withdrew from Rome. After his 
own election also he appears to have lived for some 
time in exile, but ultimately to have been permitted 
to return. No facts of his official life have been re- 
corded, but he is referred to in several letters of 
Cyprian as having been in agreement with his prede- 
cessor Cornelius in preferring the milder view on the 
quéstion as to how the penitent lapsed should be 
treated. he manner of his death is uncertain ; ac- 
cording to some accounts he was decapitated. In the 
Catalogus Liberianus and in the Catalogus Corbeien- 
sis he is said to have been pope for more than three 
years ; but there can be no doubt of the correctness of 
the statement of Kusebius, that his pontificate was of 
less than eight months’ duration. Like all the early 
popes he has been canonized in the Church of Rome; 
and he is commemorated as a martyr on March 4, 

Luctus II. (Gherardo de Caccianimici), a Bolognese, 
succeeded Celestine Il.on March 4, 1144. Soon after 
his accession the people of Rome chose a patrician, 
for whom they claimed the temporal sovereignty ; Lu- 
cius at the head of the oligarchical party appealed to 
arms, and perished in an attempt to storm the Capi- 
tol on February 25, 1145. e was succeeded by 
Kugenius ITT. 

Luctus IL. (Ubaldo Allucingoli), a native of Lucea, 
was bishop of Ostia and Velletri when he was chosen 
to succeed Alexander IIT. on September 1, 1181. For 
six months he lived at Rome, but in March 1182, he 
was driven forth by rebellion, and resumed his abode 
at Velletri; he afterwards lived at Anagni, and finally 
at Verona. While at the last-named place he pro- 
nounced sentence of excommunication against the 
Cathari, Peterines, Humiliati, Waldensians, and Ar- 
noldists in 1184; but “‘left the papal thunders to 
their own unaided effects.’’ He died at Verona on 
November 25, 1185, and was succeeded by Urban III. 


LUCKE, Gorrrriep Curistian F'Rrepricn (1791- 
1855), theologian, was born on August 24, 1791, at 
Eegeln near Magdeburg, where his father was a mer- 
chant, received his early education at the Magdeburg 
gymnasium, and studied theology at Halle and Gottin- 
gen (1810-13). In 1813 he became repetent at Got- 
tingen, and in 1814 he received the degree of doctor 
in philosophy from Halle; in 1816 he removed to 
Berlin, where he became licentiate in theology, and 
qualified as ‘‘ privatdocent.’’ He soon became. inti- 
mate with Schleiermacher and De Wette, and was as- 
sociated with them in 1818 in the redaction of the 
Theologische Zeitschrift. Meanwhile his lectures and 
publications (among the lattera Grundriss der Neutes- 
tamentlichen Hermeneutil, 1816) had brought him into 
considerable repute, and he was appointed professor 
extraordinarius in the new university of Bonn in the 
spring of 1818; in the following autumn he became 
professor ordinarius. From Bonn, where he had 

- Augusti, Gieseler, and Nitzsch for colleagues, he was 
called to G6ttingen to succeed Stiudlin in 1827. 
Here he remained, declining all further calls elsewhere, 
as to Erlangen, Kiel, Halle, Tiibingen, Jena, and 
Leipsic, until his death, which occurred on February 
14, 1855. 


Liicke, who was one of the most learned, many-sided, 


and influential of the so-called ‘‘mediation ” sehool of | 


evangelical theologians, is now known chiefly by his prin- 


LUCIUS—LUCKNOW. 


cipal work, an Exposition of the Writings of St. John, of 
which the first edition, in four volumes, appeared in 1820- 
32; it has since passed through two new and improved 
editions (the last volume of the third edition by Bertheau, 
1856). He is one of the most intelligent maintainers of 


| the Johannine authorship of the Fourth Gospel; in con- 


nection with this thesis he was one of the first. to argue for 
the early date and non-apostolic authorship of the Apoca- 
lypse. 


LUCKENWALDE, a busy little town of Prussia, 
in the province of Brandenburg, district of Potsdam, 
lies on the river Nuthe and on the Berlin and Anhalt 
Railway, 30 miles to the southwest of Berlin. Its 
cloth and wool manufactories are among the most ex- 
tensive in Prussia, and it also contains cotton-printing 
works, dye-works, machine shops, and numerous other 
industrial establishments. The population in 1880 
was 14,706. The site of Luckenwalde was occupied 
in the 12th century by a Cistercian monastery, but the 
village did not spring up till the reign of Frederick 
the Great. It was made a town in 1808. 

LUCKNOW, a district of Oudh, in the division or 
commissionership of Lucknow,' under the jurisdiction 
of the lieutenant-governor of the Northwestern Pro- 
vinees, India, lying between 26° 30’ and 27° 97 3077 N. 
lat., and between 80° 367 and 81° 157 80’ Hi. long., is 
bounded on the N. by Hardoi and Sitapur districts, 
on the KE. by Bara Banki, on the 8. by R&i Bareli, 
and on the W. by Unao. The general aspect of the 
country is that of an open champaign, well studded 
with villages, finely wooded, and in parts most fertile 
and highly cultivated. In the vicinity of rivers, how- 
ever, stretch extensive barren sandy tracts (b/zir), and 
there are many large sterile wastes of saline efflor- 
escence (usd). The country is an almost dead level 
throughout, the average slope, which is from north- 
west to southeast, being less than a foot per mile. 
The principal rivers are the Gumti and the Sai, with 
their tributaries. The former enters the district from 
the north, and, after passing Lucknow city, turns to 
the east and enters Bara Banki. The S4i forms the 
southwest boundary of the district, running almost 
parallel with the Gumti. 


The census of 1869 returned the population of the district 
at 970,625. Recent changes and transfers to and from other 
districts have, however, taken place. Allowing for these, 
Lucknow contains (according to the census of 1869) a popu- 
lation of 789,465 persons (416,960 males and 372,505 females), 
spread over an area of 965 square miles. Hindus number 
614,276; Mohammedans, 167,184; Christians, 4982; the re- 
mainder being made up of unclassified prisoners and jail 
officials. Four towns contain a population exceeding 5000 
inhabitants, viz., Lucknow city, Amethi (7182), Kakori 
(8220), Malihadbad (8026). The estimated area under culti- 
vation is returned at 547 square miles. Three harvests are 
reaped in the year, viz., the rabi in spring, comprising wheat, 
barley, gram, peas, gujai (a mixture of wheat and barley), 
and birra (a mixture of barley and gram); the kharif in the 
rainy season, comprising rice, millets, sémwdn, mandwé, 
kékun, and Indian corn; and the henwat in the autumn, con- 
sisting of joar, bajra, mash, ming, moth, masér, and lobia. In 
addition there are valuable crops of tobacco, opium, cotton, 
spices, and vegetables. Irrigation is carried on by means of 
rivers, tanks, and wells. The cultivators are almost all 
deeply in debt, and under advances of seed-grain from their 
landlords. Wages have remained stationary in the country, 
but have decreased in the city owing to its diminished 
wealth and population since the departure of the Oudh 
court. The price of food, on the other harid, has materially 
risen of late years. When not paid in grain, an ordinary 
agricultural laborer receives about lid. aday. Artisans, 
such as smiths and carpenters, receive 41d. a day for work 
in their own villages, or 6d. a day if called away from their 
homes. Famines have occurred in Lucknow in 1769, 1784-— 
86, and 1837, and severe scarcities in 1861, 1865-66, 1869, 
and 1873—all caused by drought. The district is well pro- 
vided with communications by road, river, and railway. 
Three imperial lines of road branch out south, east, and 


1 Lucknow division lies between 26° 9/and 27° 21’ 5” N. lat., and 
between 80° 5’ and 81° 54’ KE. long., comprises the three districts 
of Lucknow, Unao, and Bara Banki, and has an area of 4480 
sgoure miles, of which 2520 are returned as under cultivation. 
The population in 1869 was 2,838,106, viz., 2,449,763 Hindus, 383,260 


, Mohammedans, 4309 Europeans, and 784 Eurasians. 
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north to Cawnpur, Faizibad, and Sitdpur, metalled and | 
bridged throughout, and comprising, exclusive of the roads | 
in Lucknow city and cantonments, a length of about 500 | 
miles. There are also seven principal local lines of road. | 
River communication is not much used. The line of rail- 
way is comprised in the Oudh and Rohilkhand railway sys- 
tem. The entire length of railway communication is 52 
miles. Manufactures are mainly confined to Lucknow city. 
In the country towns are a few weavers, dyers, bangle- 
makers, brass-workers, and potters. Cotton weaving has 
‘greatly declined since the introduction of European piece- 
goods. The principal imports are food-stuffs, piece-goods, 
arms, hardware, glass, crockery, and salt; while muslins,, 
embroidery, cotton prints, brass vessels, lace, tobacco, etc., 
are exported. The district is administered by a deputy 
commissioner, aided by a magistrate in charge of the city, 
and a second in the cantonments, one or two assistant com- 
missioners, three extra-assistant commissioners, three tah- 
silddrs, and four honorary magistrates. Besides, there are 
a civil judge and a small-cause court judge, who have uo 
criminal or revenue powers. The total imperial and local 
revenue of Lucknow district in 1871-72 amounted to £162,- 
926, aud the expenditure to £70,534; the Government land 
revenue was £70,580. Excluding Lucknow city, the schools 
consist of one Anglo-vernacular middle class, five vernacu- | 
Jar middle class, and seyenty-one primary schools. The 
prevailing endemic diseases are fevers, skin diseases, and 
bowel complaints. Cholera isseldom absent. Small-pox is 
also an annual visitant. The average annual rainfall is 
37.6 inches, and the mean annual temperature 78.8° Fahr. 


Lucknow, capital of the above district, and of the 
rovinee of Oudh, in 26° 527 N. lat., 80° 58” E. long., is 
istant from Cawnpur 42 miles, from Benares 199 | 

miles, and from Caleutta 610 miles, and has an area 
of 13 square miles. It ranks fourth in size among In- | 
dian cities, being only surpassed by the presidency | 
capitals of Caleutta, Madras, and Bombay. It stands 
on both banks of the Gumti, mostly on the western 
side, the river being spanned by four bridges, two of 
them built by native rulers and two since the British 
annexation in 1856. Viewed from a distance, the city | 
presents a picture of unusual magnificence and archi- | 
tectural splendor, which fades on nearer view into some- 
thing more like the ordinary aspect of a crowded Ori- 
ental town. Irom the new bridge across the Gumti, 
the city seems to be embedded in trees. High up the 
river the ancient stone bridge of Asaf-ud-dauld crosses 
the stream. ‘T'o its left rise the walls of the Machf 
Bhawan fort, inclosing the Lachman ¢é/é (Lachman’s 
hill), the earliest inhabited spot in the city, from which 
it derives its modern name. Close by, the immense 
Imémbéra, or mausoleum of. Asaf-ud-daul4, towers 
above the surrounding buildings. Farther in the dis- 
tance, the lofty minarets of the Jami Masjid or “‘cathe- 
dral mosque’’ overlook the city; while nearer again, 
on the same side of the river, the ruined walls of the 
residency, with its memorial cross, recall the heroic de- 
fence made by the British garrison in 1857. In front, 
close to the water’s edge, the Chattar Manzil palace. a 
huge and irregular pile of buildings, crowned by gilt 
umbrellas, glitters gaudily in the sunlight; while to the 
left, at some little distance, two mausoleums flank the 
entrance to the Kaisar Bagh, the last of the overgrown 
palaces built by the exiled dynasty of Oudh. Still 
more picturesque panoramas may be obtained from any 
of the numerous towers and cupolas which abound in 
every quarter. But a nearer examination shows that 
Lucknow does not correspond in its interior arrange- 
ments to its brilliant appearance from a little distance. 
Nevertheless, many of its streets are broader and finer 
than those of most Indian towns; and the clearance ef- 
fected for military purposes after the mutiny has been 
instrumental in greatly improving both the aspect and 
the sanitary condition of the city. A glacis halfa mile 
broad surrounds the fort; and three military roads, 
radiating from this point as a centre, cut right through 
the heart of the native quarter, often at an elevation 
of some 30 feet above the neighboring streets. Three 
other main roads also branch out from the same point, 
one leading across the bridge, and the others along the 
banks of the Gumti. The residency crowns a pictu- 


| through Lucknow to Cawnpur. 


‘forms the leading manufacture. 
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resque eminence, the chief ornament of the city, contain- 
ing, besides many ruined walls, an old mosque and a 
magnificent banyan tree. An artificial mound rises 
near at hand, its sides gay with parterres of flowers, 


| while in the rear, half hidden by the feathery foliage 


of gigantic bamboos, the graveyard covers the remains 
of some 2000 Europeans, who perished in 1857. The 
cantonments lie 3 miles to the southeast of the city. 


The population of Lucknow, including the cantonments, 
was returned by the census of 1869 at 234,779. The native 
civil population consisted of 273,126, viz., 161,739 Hindus 
and 111,387 Mohammedans. There were also 3648 native 
soldiers, 4222 Huropeans, 760 Eurasians, and 2023 prisoners 
and jail officials. The traffic of Oudh flows southwards 
Large quantities of grain 
and timber come in from the trans-Gogra districts to the 
north, while raw cotton, iron, and imported goods from the 
south and east are sent in exchange. In 1869-70 goods to 
the value of nearly three quarters of a million sterling paid 
taxes at the octroi office. The chief municipal taxable arti- 
cles are food stuffs, ghi, yar or molasses, sugar, spices, oil- 
seeds, and tobacco; besides a large quantity of European 
manufactured articles brought into the town. Of the total 
municipal revenue in 1870-71 (£20,018), £16,230 was derived 
from octroi. Lucknow muslins and other textile fabrics 
have a high reputation. Gold and silver brocade, however, 
It is used for the numer- 
ous purposes of Indian pomp, and has a considerable market 
eyen in Europe. The gorgeous needlework embroidery 
upon velvet and cotton, with gold thread, thread and col- 
ored silks, furnishes employment to many hands. Lucknow 
jewelry, once very famous, has declined since the depar- 
ture of the native court. Glass work and moulding in clay 
still maintain their original excellence. A Kashmiri 
colony has introduced a small manufacture of shawls. The 
Oudh and Rohilkhand Railway, with its branches, has a 
central station in Lucknow, and gives direct communica- 
tion with Benares, Bareilly, and Cawnpur, as well as con- 
necting with the great trunk lines to Calcutta, Bombay, 
and the Punjab. Before the amalgamation of Oudh with 
the Northwestern Provinces in 1877, Lucknow formed the 
residence of the chief commissioner and his staff, and it still 
ranks as the headquarters of officials whose authority ex- 
tends over the whole province. The principal medical in- 
stitutions are the King’s hospital, Balrampur hospital, Gov- 
ernment dispensary and lunaticasylum. The leading edu- 
cational establishments are the Canning college, Martiniére 
college, Ward’s institution, Loretto convent, and a number 


| of schools under the charge of the Church of England and 


American missions. 

History.—The most interesting event in the modern his- 
tory of Lucknow is the siege during the mutiny of 1857- 
58. Symptoms of disaffection occurred as early as April, 
1857, and Sir Henry Lawrence immediately took steps to 
meet the danger by fortifying the residency and accumu- 
lating stores. On the night of the 380th May the expected 
insurrection broke out; the men of the 71st regiment of 
native infantry, with a few from the other regiments, began 
to burn the bungalows of their officers, and to murder the 
inmates, but were dispersed by the European force and fled 
towards Sitdpur. Though the city thus remained in the 
hands of the British, the symptoms of disaffection amongst 
the remaining native troops were unmistakable, and on 
June 11 the military police and native cavalry broke into 
open revolt, followed on the succeeding morning by the 
native infantry. On the 20th news of the fall of Cawnpur 
arrived ; and on the 29th occurred the failure of Lawrence’s 
attack upon the advancing enemy, in consequence of which 
the British troops fell back on Lucknow, abandoned the 
Machi Bhawan, and concentrated all their strength upon 
the residency. The siege of the enclosure began upon 
July 1. Three unsuccessful assaults were made by the 
mutineers on July 20, August 10,and August 18; but 
meanwhile the British within were dwindling away. On 
September 5 news of the relieving force under Outram and 
Havelock reached the garrison, and on the 22d the relief 
arrived at the Alambaigh, a walled garden on the Cawnpur 
road held by the enemy in force. Havelock stormed the 
Alambagh, and on the 25th fought his way with continu- 
ous opposition through the narrow lanes of the city. On 
the 26th he arrived at the gate of the residency enclosure, 
and was welcomed by the gallant defenders within. The 
sufferings of the besieged had been very great; but even 
after the first relief it became clear that Lucknow could 
only be temporarily defended till the arrival of further 
reinforcements should allow the garrison to cut its way 
out. Night and day the enemy kept up a continual firing 
against the British position, while Outram, who had reas- 
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sumed the command which he yielded to Havelock during 
the relief, retaliated by frequent sorties. Throughout Oc- | 
tober the garrison continued its gallant defence, and a small 
party, shut up in the Alambdgh, and cut off unexpectedly 
from the main body, also contrived to hold good its dan- 
gerous post. Meanwhile Sir Colin Campbell’s force had 
advanced from Cawnpur, and arrived at the Alambégh on 
the 10th of November. The Alambégh, the Dilkusha 
palace, southeast of the town, the Martiniére, and the | 
Sikandra Bagh, the chief rebel stronghold, were succes- | 
sively carried in the course of the six following days, and 
the second relief was successfully accomplished. Even now, 
however, it remained impossible to hold Lucknow, and Sir 
Colin Campbell determined, before undertaking any further 
offensive operations, to return to Cawnpur with his army, 
escorting the civilians, ladies, and children rescued from 
their long imprisonment in the residency, with the view 
of forwarding them to Caleutta, On the morning of the 
20th November the troops received orders to march for the 
Alambigh; and the residency, the scene of so long and 
stirring a defence, was abandoned for a while to the rebel 
army. Outram with 3500 men held the Alambagh until 
the commander-in-chief could return to recapture the capi- 
tal. The rebels in great strength again surrounded the 
greater part of the city, for a circuit of 20 miles, with an | 
external line of defence, On the 2d of March 1858 Sir 
Colin Campbell found himself free enough in the rear to 
march once more upon Lucknow. He first occupied the 
Dilkusha, and posted guns to command the Martiniére. 
On the 5th Brigadier Franks arrived with 6000 men; 
Outram’s force then crossed the Gumti, and advanced from 
the direction of Faizdibdd, while the main body attacked 
from the southeast. After a week’s hard fighting, March 
9-15, the rebels were completely defeated, and their posts 
captured one by one. 


LUCRETIUS (T. Lucretius Carus), more than 
any of the great Roman writers, has acquired a new 
interest in the present day. ‘This result is due, not so 
much to a truer perception of the force and purity of 
his style, of the majesty and pathos of his poetry, or 
of the great sincerity of his nature, as to the recogni- 
tion of the relation of his subject to many of the ques- 
tions on which speculative curiosity is now engaged. 
Tt would be misleading to speak of him, or of the Greek 
philosophers whose tenets he expounds, as anticipat- 
ing the more advanced scientific hypotheses of modern 
times. But it isin his poem that we find the most 
complete account of the chief effort of the ancient) 
mind to explain the beginning of things, and to under- | 
stand the course of nature and man’s relation to it. | 
Physical philosophy in the present day is occupied | 
with the same problems as those which are discussed | 
in the first two books of the De Rerum Natura. The 
renewed curiosity as to the origin of life, the primitive 
condition of man, and his progressive advance to civili- 
zation finds an attraction in the treatment of the same 
subjects in the fifth book. The old war between 
science and theology, which has been revived in the 
present generation, is fought, though with different 
weapons, yet in the same ardent and uncompromising 
spirit throughout the whole poem, as it is in the writ- 
ings of living thinkers. In comparing the controversies 
of the present day with those of which we find the | 
record in Lucretius, we are reminded of the poet’s own 
description of the war of elements in the world,— 


“ Denique, tantopere inter se cum maxima mundi 
Pugnent membra, pio nequaquam concita bello, 
Nonne vides aliquam longi certaminis ollis 
Posse dari finem ?” 1 


But this concurrence with the stream of speculation 
in the present day is really the least of his permanent 
claims on the attention of the world. His position 
both among ancient and modern writers is unique. No 
one else combines in the same degree the contempla- 
tive enthusiasm of a philosopher, the earnest purpose 
of a reformer and moral teacher. and the profound 
pathos and sense of beauty of a great poet. e stands 
alone among his countrymen as.much in the ardor with 
which he observes and reasons. on the processes of 


1 “Tn fine, as the mightiest members of the world are battling 
fiercely together in an unhallowed feud, seest thou not that some 


end of the long warfare may be reached by them?” 
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nature as in the elevation of feeling with which he re- 
cognizes the majesty of her laws, and the vivid sym- 
pathy with which he interprets the manifold variety 
of her life. It would have been an instructive study 
to have traced some connection between his personal 
circumstances and the intellectual and moral position 
which he holds. We naturally ask what influence of 
teachers in Rome or Athens first attracted him to this 
study and observation of natural phenomena, what 
early impressions or experience gave so sombre a color- 
ing to his view of life, how far the delight, so strange 
in an ancient Roman, which he seems to find in a kind 
of recluse communion with nature, and the spirit of 
pathetic or indignant satire in which he treats the 
more violent phases of passion and the more extraya- 
gant modes of luxury, was a recoil from the fascination 
of pleasures in which his contemporaries and equals 
freely indulged. We should like also to know how far 
the serene heights which he professed to have attained 
procured him exemption from or alleviation of the 
actual sorrows of life. But such questions, suggested 
by the strong interest which the impress of personal 
feeling and character stamped on the poem awakens in 
the reader, can only be raised ; there are no ascertained 
facts by which they can be settled. There is no ancient 
poet, with the exception of Homer, of whose history 
so little is positively known. Unlike Catullus, Horace, 
Virgil, Cicero, Tacitus, and nearly all the great Roman 
writers, he is absolutely silent on the subject of his 
own position and fortunes. Nor is this silence com- 
pensated by any personal reference to him in the works 


| of his two eminent contemporaries by whom the social 


life of their age is so amply illustrated, Cicero and 
Catullus, although it is certain that each of them read 
his poem almost immediately after it was given to the 
world. The great poets of the following ages were in- 
fluenced by his genius, but they tell us nothing as to 
his career. So consistently does he seem to have fol- 
lowed the maxim of his master, ‘‘ Pass through life 
unnoticed,’’ and to have realized, in the midst of the 


excited political, intellectual, and social life of the last 


years of the republic, the ideal of those ‘‘ who do not 
wish to be known even while living.’ ? 

Our sole information concerning his life is found in 
the brief summary of Jerome, written more than four 
centuries after the poet’s death. Scholars are now 
agreed that in these summaries, added to his transla- 
tion of the Kusebian Chronicle, Jerome followed, often 
carelessly and inaccurately, the accounts contained in 
the lost work of Suetonius, De Viris [/lustribus. But 
that work was written about two centuries after the 
death of Lucretius; and, although it is likely that Sue- 
tonius used the information transmitted by earlier 
erammarians, there is nothing to guide us to the origi- 
nal sources from which the tradition concerning the 
life of Lucretius was derived. ‘The strange character 
of the story which has been transmitted to us, and the 
want of any support to it from external evidence, oblige 
us to receive it with a certain reserve. 

According to this account the poet was born in the 
year 94 B.c.; he became mad (‘‘in furorem versus’’) 
in consequence of the administration of a love-philtre ; 
and after composing several books in his lucid intervals, 
which were subsequently corrected by Cicero, he died 
by his own hand in the forty-fourth year of his age. 
The statement of Donatus in his life of Virgil, a work 
also based on the lost work of Suetonius, that Luere- 
tius died on the 15th of October, 55 B.c., the same day 
on which Virgil assumed the toga viril’s, is inconsis- 
tent either with the date assigned for the poet’s birth 
or with the age at which he is said to have died. A 
single mention of the poem (which from the condition 
in which it has reached us may be assumed to haye 
been published posthumously), in a letter of Cicero’s, 
written early in 54 B.c., is confirmatory of the date 
given by Donatus as that of the poet’s death. Similar 


2 Quoted from Pliny by M. Martha in Le Poéme de Lucréce. 
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errors in chronology are common in the summaries of 
Jerome; and, where there is an inconsistency between 
the date assigned for the birth of an author and the 
age at which he is said to have died (as, for instance, in 
the case of Catullus), there are grounds for believing 
that the error lies in the first date. 


October of 55 B.c., in the forty-fourth year of his age, 
and that he was born either late in the year 99 B.C. or 
early in the year 98 B.c. He would thus be about 
seyen years younger than Cicero, a year or two younger 
than Julius Cesar, about the same age as Memmius, 
to whom the poem is dedicated, and about fifteen 
years older than Catullus and Calvus, the younger 
poets of his generation, from whom he is widely sepa- 
rated both by his more archaic style and rhythm and by 
the greater seriousness of his art and the more earnest 
dignity of his character. The other. statements of 
Jerome have been questioned or disbelieved on the 

round of their intrinsic improbability. They have 

en regarded as.a fiction invented in a later time by 
the enemies of Kpicureanism, with the view of dis- 
crediting the most powerful work ever produced by 
any disciple of that sect. It is more in conformity 
with ancient credulity than with modern science to 
attribute a permanent tendency to derangement to the 
accidental administration of any drug, however potent. 
A work characterized by such strength, consistency, 
and continuity of thought is not likely to have been 
composed ‘‘per intervalla insanize.’’ Donatus, in 


mentioning the poet’s death, gives no hint of the act , 


of suicide. The poets of the Augustan age, who 
were deeply interested both in his philosophy and his 
oetry, are entirely silent about the tragical story of 
is life. Cicero, by his professed antagonism to the 


) Taking the | 
statements of Donatus and of Jerome together, we | 
may consider it probable that Lucretius died in the | 


| 


doctrines of Hpicurus, by his inadequate appreciation | 


of Lucretius himself, and by the indifference which he 
shows to other contemporary poets, seems to have been 


neither fitted for the task of correcting the unfinished | 


work of a writer whose genius was so distinct from his 
own, nor likely to have cordially undertaken such a 
task. 


Yet these considerations do not lead to the absolute | 
rejection of the story as a pure invention of a hostile | 


and uncritical age. The evidence afforded by the 


poem rather leads to the conclusion that the tradition | 


contains some germ of fact. We need not attach any 
importance to the supposed efficacy of the love-philtre 
in producing mental alienation, nor are we called upon 
to think of Lucretius as one liable to recurring fits of 
insanity, in the ordinary sense of the word. But it is 
remarkable, as was first observed by Mr. Munro, his 
English editor, that inmore than one passage of his 


poem he writes with extraordinary vividness of the 
impression produced both by dreams and by waking | 
It is true that the philosophy of Kpicurus | 


visions. 
put great stress on these, as affording the explanation 
of the origin of supernatural beliefs. But the insist- 
ence with which Lnueretius returns to the subject, and 
the horror with which he reealls the effects of such ab- 
normal phenomena, suggest the inference that he him- 
self may have been liable to such hallucinations, which 
are said to be consistent with perfect sanity, though they 
may be the precursors either of madness or of a state 
of despair and melancholy which often ends in suicide.’ 
Other passages in his poem, as, for instance, the lines 


“Nos agere hoc autem, et naturam queerere rerum, 
Semper et inventam patriis exponere chartis,”? 


where he describes himself as ever engaged, even in 
his dreams, on his task of inquiry and composition, 
produce the impression of an unrelieved strain of mind 
and feeling, which may have ended in some extreme 
reaction of spirit, or in some failure of intellectual 
1G, Fortnightly Review, September, 1878. é ’ 
2 “While I seem to be ever busily plying this task, to be in- 


quiring into the nature of things, and to be expounding my dis- 
eoveries by writings in my native tongue.’ 


F 
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power, from the consciousness of which he may, in ac- 
cordance with examples which he himself quotes, have 
taken refuge in suicide. But the strongest confirma- 
tion of the existence of some germ of fact in the tra- 
dition is found in the unfinished condition in which 
the poem has reached us. The subject appears in- 
deed to have been fully treated in accordance with the 

lan sketched out in the introduction to the first book. 
But that book is the only one which is finished in 
style and in the arrangement of its matter. In all the 
others, and especially in the last three, the continuity 
of the argument is frequently broken by passages which 
must have been inserted after the first draft of the 
arguments was written out. Thus, for instance, in his 
accounts of the transition from savage to civilized 
life, he assumes at v. 1011 the discovery of the use of 
skins, fire, ete., and the first beginning of civil society, 


}and proceeds at 1028 to explain the origin of language, 


and then again returns, from 1090 to 1160, to specu- 
late upon the first use of fire and the earliest stages 
of political life. These breaks in the continuity of the 
argiiment show what might also be inferred from fre- 
quent repetitions of lines which have appeared earlier 
in the poem, and from the rough workmanship of pas- 
sages in the later books, that the poem could not have 
received the final revision of the author, and must have 
been given to the world by some editor after his death. 
Nor is there any great difficulty in believing that that 
editor was Cicero. It is not necessary to press the mean- 
ing of the word ‘‘ emendavit’’ as applied to the task ful- 
filled by him. Cicero certainly was incapable of ‘‘ im- 
proving’ any of the poetry of Lucretius, and the slight 
mention which he makes of the poem in a letter to his bro- 
ther (“‘the poem of Lucretiusis, as you describe it, a 
work not of much genius but of much art’’*) seems to 
imply that he was not very capable of appreciating it. 
But other motives, besides appreciation of the poet's 
genius or sympathy with his doctrines, may have in- 
duced him to undertake a task which has not been 
very successfully performed. It may be remarked 
further that scepticism as to statements about their 
lives is less warranted in the case of the great Roman 
than of the great Greek writers, from the fact that the 
work of criticism went on at Rome contemporaneously 
with the progress of original creation, and that the 
line of grammarians and commentators by whom these 
statements were transmitted continued unbroken al- 
most from the first beginning of Latin literature. 

We find in the instance of nearly all the other Latin 
poets, even of the most obscure among them, that 
their birthplace has been recorded, and it has often 


/been remarked that Latin poetry was an Italian and 


provincial rather than a purely Roman product. From 
the absence of any claim on the part of any other dis- 
trict of Italy to the honor of having given birth to 
Lucretius it is inferred that he was an exception to the 
rule, and was of purely Roman origin. No writer 
certainly is more purely Roman in personal character 
and in strength of understanding. He seems to speak 
of Rome as his native state in such expressions as 
‘* yatriai tempore iniquo,’’ ‘‘ patrii sermonis egestas,”’ 
and ‘‘patriis chartis.’’ His silence on the subject of 
Roman greatness and glory as contrasted with the 
prominence of these subjects in the poetry of men of 
provincial birth such as Kunius, Virgil, and Horace, 
may be explained by the principle that the familiarity 
of long-inherited traditions had made the subject one 
of less wonder and novelty to him. The Lucretian 
gens to which he belonged was one of the oldest of the 
great Roman houses, nor do we hear of the name, as 
we do of other great family names, as being diffused 
over other parts of Italy, or as designating men of 
obscure or servile origin. It seems from the evidence 
of the name, confirmed by the tone in which he 
writes, as probable as any such inference can be that 


3The reading is so uncertain thatit is doubtful whether it 1s 
the claim of genius or of art that Cicero refuses to concede. 
Some interpretations of the passage imply that he conceded both. 
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Lucretius was a member of the Roman aristocracy, | 
belonging either to a senatorian or to one of the great | 
equestrian families, living in easy.circumstances, and | 
familiar with the spectacle of luxury and artistic en- 
joyment which the great houses of Rome and the 
great country houses in the most beautiful parts of 
Italy presented. Ifthe Roman aristocracy of his time 
had lost much of the virtue and of the governing 
qualities of their ancestors, they showed in the last 
years before the establishment of monarchy a taste 
for intellectual culture which might have made Rome 
as great in literature as in arms and law, if the republic 
could have continued. The discussions which Cicero 
puts in the mouth of Velleius, Cotta, ete., indicate 
the new taste for philosophy developed among mem- 
bers of the governing class during the youth of Lu- 
cretius; and we hear of eminent Greek teachers of the 
Epicurean sect being settled at Rome at the same time, 
and living on terms of intimacy with them. The in- 
ference that Lucretius belonged to this class, and 
shared in the liberal culture which it received, is con- 
firmed by the tone in which he addresses Memmius, a 
man of an eminent senatorian family, and of con- 
siderable oratorical and poetical accomplishment, to 
whom the poem is dedicated. His tone to Memmius 
is quite unlike that in which Virgil or even Horace 
addresses Maecenas. He addresses him as an equal; 
he expresses sympathy with the prominent part his 
friend played in public life, and admiration for. his 
varied accomplishment, but on his own subject claims 
to speak to him in the tones of authority, 


i 


Although our conception of the poet’s life and cir- 


cumstances is necessarily vague and meagre, yet his. 
personal force is so remarkable and so vividly im- 


pressed on his poem, and his language bears so un- 
mistakably the stamp of sincerity, that we seem able 
to form a consistent idea of his tastes and habits, his 
sympathies and convictions, his moral and emotional 
nature. If we know nothing of the particular expe- 
rience which determined his passionate adherence to 
the Epicurean creed and his attitude of spiritual and 
social isolation from the ordinary course of Roman life 


and belief, we can at least say that the choice of a 


contemplative life was not the result of indifference to 
the fate of the world, or of any natural coldness or 
even calmness of temperament. 


and of the third books, we can mark the strong recoil 
of a humane and sensitive spirit from the horrors of the 
reign of terror which he witnessed in his youth, and 
from the anarchy and confusion which prevailed at 


Rome during the later years of his life; while his vivid | 


realization of the pains and disappointments of passion, 
of the unsatisfying nature of all violent emotion, and 
of the restlessness and weariness of life which exces- 
sive luxury entails, suggest at least the inference that 
he had not been through his whole career so much 
estranged from the social life of his day as he seems to 
have been in his later years. Passages in his poem 
attest his familiarity with the pomp and luxury of city 
life, with the attractions of the public games, and 
with the pageantry of great military spectacles. _ 
much the greater mass of the illustrations of his philo- 
sophy scattered through the poem indicate that, while 
engaged in its composition, and in the studies prepara- 
tory to it, he must have lived in the country or by the 
sea-shore, and that he must have passed much of his 
time in the open air, exercising at once the keen ob- 
servation of a naturalist and the contemplative vision 
of a poet. He shows a fellow feeling with the habits 
and moods of the animals associated with humai toil 
and adventure. He seems to have found a pleasure, 
more congenial to the modern than to the ancient 
temperament, in ascending mountains or wandering 
among their solitudes (vi. 469, iv. 575). References 
to companionship in these wanderings, and the well- 
known description of the charm of a rustic meal (ii. 
29) enjoyed with comrades amid beautiful scenery and 


In some of his most | 
powerful poetry, as in the opening lines of the second | 


But | 
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in fine weather, speak of kindly sociality rather than 
of any austere separation from his fellows. 

Other’ expressions in his poem (¢.g., iii. 10, ete.) 
|imply that he was an ardent student of books, as well 

as a sympathetic observer of outward phenomena. 
' Foremost among these were the writings of his master 
'Epicurus; but he had also an intimate knowledge and 
‘appreciation of the philosophical poem of Hmpedocles, 
and at least an acquaintance with the works of Demo- 
critus, Anaxagoras, Heraclitus, Plato, and the Stoical 
| writers. Of other Greek prose writers he knew Thuey- 
| dides and Hippocrates ; while of the poets he expresses 
‘in more than one passage the highest admiration of 
Homer, whom he has imitated in several places. Next 
| to Homer Huripides is most frequently reproduced by 
“him. There is an evident struggle between the im- 
pulses of his imaginative temperament, prompting him 
| to recognize the supremacy of the great masters in art 
'and poetry, and the influence of the teaching’ of Hpi- 
/eurus, in accordance with which the old poets and 
painters of Greece are condemned as the authors and 
propagators of false ideas both of nature and the gods. 
| But his poetical sympathy was not limited to the poets 
| of Greece. For his own countryman Ennius he ex- 
| presses an affectionate admiration; and he imitates his 
language, his rhythm, and his manner in many places. 
|The fragments of the old tragedian Pacuvius and of 
the satirist Lucilius show that Lucretius had made use 
of their expressions and materials. In his studies he 
was attracted by the older writers, both Greek and 
| Roman, in whose masculine temperament and under- 
standing he recognized an affinity with his own. He 
had a most enthusiastic admiration for genius, espe- 
cially when exercised in the investigation and discovery 
of truth. His devotion to Epicurus seems at first sight 
‘more difficult to explain than his enthusiasm for Hm- 
pedocles or Ennius. Probably he found in his calm- 
ness of temperament, in his natural or acquired indif- 
ference to all violent emotion, even in his want of 
imagination, a sense of rest and of exemption from the 
disturbing influences of life which the passionate heart 
of the poet denied himself; while in his physical phi- 
losophy he found both an answer to the questions 
‘which perplexed him and an inexhaustible stimulus 
to his intellectual curiosity. The combative energy, 
the sense of superiority, the spirit of satire, character- 
istic of him as a Roman, unite with his loyalty to Epi- 
curus to render him not only polemical but mtolerant 
and contemptuous in his tone toward the great antag- 
onists of his system, the Stoics, whom, while constantly 
referring to them, he does not condescend even to name. 
With his admiration of the genius of others he com- 
bines a strong sense of his own power. He is quite 
conscious of the great importance and of the difficulty 
of his task; but he feels his own ability to cope with 
it. He has the keenest capacity for intellectual pleas- 
ure, and speaks of the constant charm which he found 
both in the collection of his materials and in the exer- 
cise of his art. If his mind was overstrained by the 
incessant devotion to his task of which he speaks, he 
allows no expression of fatigue or discouragement to 
escape from him. The ardor of study, the delight in 
contemplative thought, the ‘‘ sweet love of the muses,’ 
the ‘‘great hope of fame,’’ all combined to bear him 
buoyantly through all the difficulties and fatigues of 
his long and lonely adventure. 

It is more difficult to infer the moral than the intel- 
lectual characteristics of a great writer from the per- 
sonal impress left by him on his work. Yet it is not 
too much to say that there is no work in any literature 
that produces a profounder impression of sincerity. 
No writer shows a juster scorn of all mere rhetoric and 
exaggeration. This is one of the main causes of the 
spell which the poem exercises over us. By no Stoic 
even could the doctrine of independence of the world, 
and of the superiority of simplicity over show and 
luxury, be more forcibly and consistently imculeated. 
No one shows truer courage, not marred by irreverence, 
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in confronting the great problems of human destiny, 
or greater strength in triumphing over human weak- 
ness. No one shows a truer humanity and a more 
tender sympathy with natural sorrow. In reverence 
for the sanctities of human affection, Virgil alone is 
his equal, nor is it an unlikely surmise that it was to 
the power of this sentiment, and the influence which 
it had on his relation with others, that he owed the 
cognomen of ‘‘Carus’’' or the “ beloved.”’ 

he peculiarity of the poem of Lucretius, that which 


+ . « ‘ < . . | 
makes it unique in literature, is that it is a reasoned | 


system of philosophy, written in verse. The subject 
was chosen and the method of exposition adopted, not 
primarily with the idea of moving and satisfying the 
Imagination, but of communicating truth. The prosaic 
title De Rerwn Natura, a translation of the Greek 
rept ptoewc, implies the subordination of the artistic to 
a speculative motive. As in the cage of nearly all the 
great works of Roman literary genius, the form of’ the 
poem was borrowed from the Greeks. The rise of 
speculative philosophy in Greece was coincident with 
the beginning of prose composition, and many of the 
earliest philosophers gave their thoughts to the world 
in the prose of the Ionic dialect ; others, however, and 
especially the writers of the Greek colonies in Italy 
and Sicily, expounded their systems in continuous 
poems composed in the epic hexameter. These writers 
flourished in the beginning and first half of the 5th 
century B.C.,—the great awakening time of the intel- 
lectual, imaginative, and artistic faculties of the, ancient 
world. The names most famous in connection with 
this kind of poetry are those of Xenophanes and 


Parmenides, the Eleatics, and that of Empedocles of | 


Agrigentum. The last was less important as a philoso- 
pher, but greater than the others both as a poet and a 
physicist. On both of these grounds he had a greater 
attraction to Lucretius. The fragments of the poem 
of Empedocles show that the Roman poet regarded 
that work as his model. In accordance with this model 
he has given to his own poem the form of a personal 
address, he has developed his argument systematically, 
and has applied the sustained impetus of epic poetry 
to the treatment of some of the driest and abstrusest 
topics. Many ideas and expressions of the Sicilian 
have been reproduced by the Roman poet; and the 
same tone of impassioned solemnity and melancholy 
seems to have pervaded both works. But Lucretius, 
if less original as a thinker, was probably a much 
greater poet than EKmpedocles. With the speculative 
enthusiasm of the Greeks he combines, in a remarka- 
ble measure, the Italian susceptibility to the charm of 
nature, and the greater humanity of feeling which be- 
longs toa more advanced stage of human history. But 
what chiefly distinguishes him from his Greek proto- 
types is that his purpose is rather ethical than purely 
speculative. He shares with them the delight in in- 
uiry and discovery; but the zeal of a teacher and re- 
ormer is more strong in him than even the intellectual 
passion of a thinker. His speculative ideas, his moral 
teaching, and his poetical power are indeed interde- 
pendent on one another, and this interdependence is 
what mainly constitutes their power and interest. But 
of the three claims which he makes to immortality,— 


“Primum quod magnis doceo de rebus, et artis 
Religionum animum nodis exsolvere pergo, 
Deinde quod obscura de re tam lucida pango 
Carmina museeo contingens cuncta lepore.—’”? 


that which he himself regarded as supreme was the 

~ gecond,—the claim of a liberator of the human spirit 
from the cramping bonds of superstition. 

This purpose is announced by him over and over 

again, as, for instance, at the beginning of the argument 

in the-first, second, third, and sixth books. The main 


1 Cf. Martha, Le Poéme de Lueréce, p. 28. 

2“ Wirst, by reason of the greatness of my argument, and my 
purpose to set free the mind from the close-drawn bonds of super- 
stitions; next, because on so dark a theme I write such lucid 
verse, casting over all the charm of poesy.” 


| 
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idea of the poem is the irreconcilable opposition be- 
tween the truth of the laws of nature and the false- 
hood of the old superstitions. But it is not merely by 
the intellectual opposition between truth and falsehood 
that he is moved. he happiness and the dignity of 
life are regarded by him as absolutely dependent on the 
acceptance of the true and the rejection of the false 
doctrine. The ground of his extravagant eulogies of 
Epicurus is that he recognized in him the first great 
champion in the war of liberation, and in his system of 
philosophy he believed that he had found the weapons 
by which this war could be most effectually waged. Fol- 
lowing in his footsteps, he sets before himself the aim of 
finally crushing that fear of the gods and that fear of 
death resulting from it which he regards as the source 
of all the human ills. Incidentally he desires also to 
purify the heart from other violent passions which 
corrupt it and mar its peace. But the source even of 
these—the passions of ambition and avarice—he finds 
in the fear of death ; and that fear he resolves into the 
fear of eternal punishment after death. 

The selection of his subject and the order in which 
it is treated are determined by this motive. Although 
the title of the poem implies that it is a treatise on the 
‘‘ whole nature of things,”’ the aim of Lucretius is not 
to treat exhaustively the whole of natural science, 
recognized in the Epicurean system, but only those 
branches of it which are necessary to clear the mind 
from the fear of the gods and the terrors of a future 
state. In the two earliest books, accordingly, he lays 
down and largely illustrates the first principles of being 
with the view of showing that the world is not governe 
by capricious agency, but has come into existence, 
continues in existence, and will ultimately pass away in 
accordance with the primary conditions of the elemental 
atoms which, along with empty space, are the only 
eternal and immutable substances. hese atoms are 
themselves infinite in number but limited in their 


| varieties, and by their ceaseless movement and ecombi- 
| nations during infinite time and through infinite space 


the whole process of creation is maintained. In the 
third book he applies the principles of the atomic 
philosophy to explain the nature of the mind and vital 
principle, with the view of showing that the soul 
perishes with the body. . In the fourth book he dis- 
cusses the Epicurean doctrine of the ‘‘simulacra,’”” or 
images, which are cast from all bodies, and which act 
either on the senses or immediately on the mind, in 
dreams or waking visions, as affording the explanation 
of the belief in the continued existence of the spirits 
of the departed. he fifth book, which has the most 
general interest, professes to explain the process by 
which the earth, the sea, the sky, the sun, moon, and 
stars, were formed, the origin of life, and the gradual 
advance of man from the most savage to the most 
civilized condition. All these topics are treated with 
the view of showing that the world is not itself divine 
nor directed by divine agency. he sixth book is de- 
voted to the explanation, in accordance with natural 
causes, of some of the more abnormal phenomena, 
such as thunderstorms, volcanoes, earthquakes, ete., 
which are special causes of supernatural terrors. 

It would be impossible, within the limits of this arti- 
cle, to give any detailed account or criticism of an argu- 
ment which is carried on, with the interruption only of 
occasional episodes, in which the moral teaching of the 
poet is enforced, through a poem extending to-between 
six and seven thousand lines. Readers who are espe- 
cially interested in the science of Lucretius will find 
the subject clearly treated in chapter v. of Lange’s 
History of Materialism. The consecutive study of the 
argument produces on most readers a mixed feeling of 
dissatisfaction and admiration. They are repelled by 
the dryness of much of the matter, the unsuitableness 
of many of the topics discussed for poetic treatment, 
the arbitrary assumption of premises, the entire fail- 
ure to establish the connection between the concrete 
phenomena which the author professes to explain and 
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these assumptions, and the erroneousness of many of 
the doctrines which are stated with dogmatic confidence. 
On the other hand they are constantly impressed by 
his power of reasoning both deduetively and induc- 
tively, by the subtlety and fertility of invention with 
which he applies analogies, by the clearness and keen- 
ness of his observation, by the fulness of matter with 
which his mind is stored, and by the consecutive force, 
the precision, and distinctness of his style, when em- 
ployed in the processes of scientific exposition. The first 
two books enable us better than anything else in an- 
cient literature to appreciate the boldness and, on the 
whole, the reasonableness of the ancient mind in form- 
ing hypotheses on great matters that still baffle the 
investigations of science. The third and fourth books 
give evidence of acuteness in psychological analysis ; 
the fourth and sixth of the most active and varied ob- 
servation of natural phenomena; the fifth of original 
insight and strong common sense in conceiving the 
origin of society and the progressive advance of man to 
civilization. But the chief value of Lucretius as a 
thinker lies in his firm grasp of speculative ideas, and 
in his application of them to the interpretation of human 
life and nature. It is in this application that the most 
powerful interest of his poetry lies. All phenomena, 
moral as well as material, are contemplated by him in 
their relation to one great organic whole, which he ac- 
knowledges under the name of “ Natura deedala 
rerum,’’ and the most beneficent manifestations of 
which he seems to symbolize and almost to deify in the 
“Alma Venus,’’ whom, in apparent contradiction to 
his denial of a divine interference with human affairs, 
he inyokes with prayer in the opening lines of the 
poem. In this conception of nature are united the 
conceptions of law and order, of ever-changing life and 
interdependence, of immensity, individuality, and 
all-pervading subtlety, under which the universe is ap- 
prehended both by his intelligence and his imagina- 
tion. 

Nothing can be more unlike the religious and moral 
attitude of Lucretius than the old popular conception 
of him as an atheist and a preacher of the doctrine of 
pleasure. It is true that he denies the two bases of all 
religion, the doctrines of a supernatural government of 
the world and a future life. But his arguments against 
the first are really only valid against the limited and 
unworthy conceptions of divine agency involved in the 
ancient religions ; his denial of the second is prompted 
by his vivid realization of all that is meant by the arbi- 
trary infliction of eternal torment after death. His 
war with the popular beliefs of his time is waged, not 
in the interests of license, but in vindication of the 
sanctity of human feeling. The great and cardinal line 
of the poem, 

“Tantum religio potuit suadere malorum,” 
is elicted from him as his protest against the wicked 
and impious sacrifice of Iphigenia by the hand of her 
father. But in his very denial of a cruel, limited, and 
capricious agency of the gods, and in his imaginative 
recognition of an orderly, all-pervading, all-regulating 
power,—the ** Natura deedala rerum,’’—we find at least 
a nearer approach to the higher conceptions of modern 
theism than in any of the other imaginative concep- 
tions of ancient poetry and art, unless we include the 
hymn of Cleanthes among the utterances of poets. But 
his conception even of the ancient gods and of their 
indirect influence on human life is more worthy than 
the popular one. ‘They are conceived of by him as liv- 
ing a life of.eternal peace and exemption from passion, 
in a world of their own; and the highest ideal of man 
is, through the exercise of his reason, to realize an 
image of thisilife, 

“Ut niliimpediat dignam dis degere vitam.” 


Although they are conceived of as unconcerned with 
the interests of our world, yet influences are supposed 
to emanate from them which the human heart is capa- 
ble of receiving and assimilating. The effect of un- 
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worthy conceptions of the divine nature is that they 
render a man incapable of visiting the temples of the 
gods in a calm spirit, or of receiving the emanations 
‘divin nuntia pacis’”’ in peaceful tranquillity. 
“Nec delubra deum placido cum pectore adibis, 

Nee de corpore que sancto simulacra feruntur 

In mentis hominum divine nuntia pacis 

Suscipere hee animi tranquilla pace valebis.” 1 

It is in no iconoclastic spirit that he regards even the 
temples and solemn rites of the gods, except when he 
finds the acts of worship tainted with ‘the foul stain 
of superstition.”’ Thus he describes with a grave 
solemnity of feeling the procession of the image of 
Cybele through the cities of men, and acknowledges 
the beneficent influence of the truths symbolized by 
that procession. ‘The supposed ‘‘atheism’”’ of Luere- 
tius proceeds from a more deeply reverential spirit 
than that of the majority of professed believers in all 
times. 

His moral attitude is also far removed from that 
either of ordinary ancient Kpicureanism or ordinary 
modern materialism. Though he acknowledges pleas- 
ure to be the law of life, —‘‘ dux vite dia voluptas,’”’— 
yet he is far from regarding its attainment as the end 
of life. What man needs is not enjoyment, but 
‘* peace and a pure heart.” > 

“At bene non poterat sine puro pectore vivi.” 


The victory to be won by man is the triumph over 
fear, ambition, passion, luxury. With the conquest 
over these nature herself supplies all that is needed for 
happiness. Self-control and renunciation are the les- 
sons which he preaches with as much fervor and as 
real conviction as any of the preachers of Stoicism. 
‘‘ Great riches consist in living plainly with a contented 
spirit’’— 

“ Divitie grandes homini sunt vivere parce 
JEquo animo.” 


As was mentioned above, it is uncertain whether the 
short criticism of Cicero (‘‘ Lucretii poemata,”’ ete.) 
concedes to Lucretius the gift of genius or the accom- 
plishment of art. Readers of a later time, who could 
compare his work with the finished works of the Anu- 
gustan age, would, if they refused his claim to the full 
possession of the two necessary constituents of the 
greatest poets, have certainly disparaged his art rather 
than his power. But with Cicero it was different. He 
greatly admired, or professed to admire, the genius of 
the early Roman poets, while he shows that indiffer- 
ence to the poetical genius of his younger contempora- 
ries which men who have formed their taste for poetry 
in youth, and whose own intellectual interests have 
been practical and political, often do to the new ideas 
and new modes of feeling which an original poet brings 
into the world. On the other hand, as one who had 
himself written many verses in his youth, and as one 
of the greatest masters of style who had ever lived, 
he could not have been insensible to the immense su- 
periority in rhythmical smoothness which the hexa- 
meter of Lucretius has over that of Ennius and Lucil- 
ius. And no reader of Lucretius can doubt that he at- 
tached the greatest importance to artistic execution, 
and that he took a great pleasure, not only in propel- 
ling ‘‘the long roll of his hexameter ”’ to its culmina- 
ting break at the conclusion of some weighty para- 
graph, but also in producing the effects of alliteration, 
assonance, etc., which are so marked a peculiarity in 
the style of Plautus and the earlier Roman poets. He 
allows his taste for these tricks of style, which, when 
used with moderation by writers of a more finished 
sense of art such as Virgil and even Terence, have the 
happiest effect, to degenerate into mannerism. And 
this is the only drawback to the impression of absolute 
spontaneity which his style produces. But those who 

1 “Nor wilt thou approach the temples of the gods with a calm 
spirit, nor wilt thou be able, in tranquil peace of heart, to receive 


those images which are borne from their holy bodies into the 
; minds of men, carrying tidings of the divine peace” (vi. 75-78). 
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recognize in him one of the most powerful and original 
poetical forces which have appeared in the world feel, 
when they compare him with the greatest poets of all 
times, that he was unfortunate in living before the 
natural rudeness of Latin art—-the ‘‘ traces of the coun- 
try,”’ which continued to linger ‘‘in rude Latium’’ down 
to the time of Horace—had been successfully grap- 
pled with. His only important precursors in serious 
poetry were Ennius and Lucilius, and, though he de- 
rived from the first of these an impulse to shape the 


Latin tongue into a fitting vehicle for the expression of | 


elevated emotion and imaginative conception, he could 
find in neither a guide to follow in the task he set be- 
fore himself. He had thus, in a great measure, to dis- 
cover the way for himself, and to act as the pioneer to 
those who came after him. The difficulty and novelty 
of his task enhances our sense of his power. His 
finest passages are thus characterized by a freshness of 
feeling and enthusiasm of discovery, as of one ascend- 
ing, alone and for the first time, the ‘‘ pathless heights 
of the Muses.’’! But the result of these conditions 
and of his own inadequate conception of the proper 
limits of his art is that more than in the case of any 
other work of genius his best poetry is clogged with a 
great mass of alien matter, which no treatment in the 
world could have made poetically endurable. 
distinction suggested by a brilliant living poet and 
critic between the Titans and the Olympians of litera- 


ture be a valid one, it is among the former certainly | 


that Lucretius is to be classed. 

The genius of Lucretius, as of all the greatest poets, 
does not reveal itself as any mere isolated or excep- 
tional faculty, but as the impassioned and imaginative 
movement of his whole moral and intellectual being. 
-1t is the force through which the sincerity and simpli- 
city, the reverence, the courage, the whole heart of 
the man have found an outlet for themselves. It is 
also the force from which both his speculative and his 
observant faculty derive their most potent impulse. 
His poetical style is as simple, sensuous, and passion- 
ate as that of the poets who reproduce only the imme- 
diate appearances and impressions of the world of na- 
ture and of human feeling. But it assumes a more 
majestic and elevated tone from the recognition of the 
truth that the beauty of the world, the unceasing life 
and movement in nature, the destructive as well as the 
beneficent forces of the elements, the whole wonder 
and pathos of human existence, are themselyes mani- 
festations of secret invisible agencies and of eternal and 
immutable laws. 


The fullest account of the MSS. and of the various edi- 
tions of Lucretius, and of the influence which he exercised 
on the later poets of Rome, is to be found in the introduc- 
tions to the critical and explanatory notes of Mr. Munro’s 
edition of the poet, a work recognized as the most impor- 
tant contribution to Latin scholarship made in England 
during the present century. For scholars that edition con- 
tains all that is needed for the full understanding of the 
author. For those who are not classical scholars, the work 
of C. Martha, Le Poéme de Lucréce, may be recommended, 
as containing an interesting and eloquent estimate of the 
genius of the poet, and of his moral, religious, and scien- 
tific position. Among recent English works on the author, 
an essay, by Professor Veitch, and one by Mr. J. A. Symonds, 
are especially good. The subject is also discussed at length 
in chaps. xi.-xiv. of the Roman Poets of the Republic, by 
Professor Sellar. (W. Y.S.) 


LUCULLUS. The Luculli appear in Roman his- 
tory shortly after the close of the second Punic war. 
They belonged to the Licinian “‘ gens,’’ a plebeian house 
which became noted for its special ability in amassing 
wealth. By far the most famous of its members was 
Lucius Licinius Lucullus, surnamed Ponticus from his 
victorious campaigns in Asia Minor against one of the 
most formidable enemies Rome ever encountered, the 
great Mithridates, king of Pontus. His father had 
held an important military command in Sicily, but on 


1 “ Avia Pieridum peragra loca, nullius ante 
Trita solo,” 


If the} 
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his return to Rome he was considered to have acquitted 
himself so discreditably that he was prosecuted ona 
charge of bribery and corrupt practices, and was con- 
demned to exile. His mother was Cvxecilia, of the 
family of the Metelli, and was the sister of the distin- 
guished Metellus Numidicus. The career of Lucul- 
lus coincides with the first half of the Ist century B.o. 
It appears that he was rather senior to Pompey, 
who was born in 106 B.c. We hear of him when 
quite a young man as making a determined though 
unsuccessful attempt to avenge his father’s down- 
fall on the author of the prosecution, and this won 
him credit and popularity. arly in life he at- 
tached himself to the party of Sulla, and to that 
party he remained constant to his life’s end. Sulla’s 
favorable notice was secured by good military service 
in the so-called Social War, which finally completed 
the subjugation of Rome’s Italian allies and in fact of 
the whole peninsula. In 88 B.C. came the great Mith- 
ridatic war in the Hast, with the direction of which 
Sulla was charged. In that year the young Lucullus 
went with him as his queestor to Greece and Asia 
Minor, and, while Sulla was besieging Athens, he raised 
a fleet and drove Mithridates out of the Mediterranean. 
He won a brilliant victory off Tenedos, and it seems 
probable that, had he been as faithful to Rome as he 
was to Sulla and his party, he might have ended a 
yerilous war. But, like many of his contemporaries, 
Teale was too much of a party man to be a genuine 
patriot. 

In 84 B.C. peace was concluded with Mithridates, 
and the great eae had to cede the Greek islands and 
a large part of his Asiatic possessions, and was prac- 
tically reduced to the position of a mere Roman de- 
pendent. Sulla returned to Rome, while Lucullus 
remained in Asia, and by a series of wise and generous 
financial reforms laid the foundation of the future 
wealth and prosperity of the province. The result of 
his policy was that he stood particularly well with the 
provincials, but unfortunately for himself made a host 
of enemies among the powerful class which farmed the 
public revenue. He was in Asia till 80 B.c., and then 
returned to Rome as curule zedile, in which capacity 
he exhibited together with his colleague, his brother 
Marcus, games which were long remembered by the 
citizens of Rome for their exceptional magnificence. 
We imay infer that thus early in life he had found the 
means of acquiring an immense fortune, which through- 
out his whole career it was his delight lavishly to 
display. Soon afterwards he was elected praetor, and 
was next appointed to the province of Africa, where 
again he won a good name as a just and considerate 
governor. In the year 74.B.c. he became consul, with 
Aurelius Cotta as his colleague. An attempt was made 
at this time by a leader of the democratic party to re- 

eal the legislation of Sulla, and its failure appears to 
have been mainly due to the strenuous efforts of Lu- 
cullus. 

The East was now again unsettled, and Bithynia, 
which had been bequeathed to Rome by its king Nico- 
medes, was threatened by Mithridates. The new 
province with the command of' the fleet fell to Cotta, 
but Lucullus was called to lead the armies of Rome 
against this dangerous enemy. In 74 B.c. he was in 
Asia at the head of a force of about 30,000 foot and 
2000 horse. The king of Pontus was already on Ro- 
man ground in Bithynia, and Cotta was shut up in 
Chalcedon on the Propontis by a vast host of 150,000 
men. The enemy’s fleet had forced its way into the 
harbor, and had burnt all the Roman vessels lying at 
anchor, The advance of Lucullus, however, foreed 
the king to raise the sieze and retire along the sea- 
coast, till he halted before the strong city of Cyzicus, 
the key of Asia, as it was called, built on an island at 
a little distance from the mainland, with which it was 
connected by a bridge. All the attempts of Mithri- 
dates on the place were foiled bya gallant defence, and 
it was not long before Lucullus took up a threatening 
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position in the rear of his army, which cut off all his 
land communications and left him only master of the 
sea. Bad weather and violent storms and scant sup- 
plies soon drove the king from the-walls of Cyzicus, 
and his vast army was dispersed without having had 
the chance of fighting a single pitched battle. His 
fleet too, which as yet had had the command of the 
Algean, was soon afterwards destroyed by Lucullus, 
and thus his whole power for offensive warfare had 
completely collapsed. He himself withdrew into his 


own proper territory, and all that the Roman general | 
had to fear was that he might baffle pursuit by a flight | 


eastward into the remote wilds of Armenia. However, 
in the autumn of 73 B.c., Lucullus pushed into the 
heart of Pontus far beyond the Halys, the limit of the 
famous Scipio’s advance eastward, and continued his 
onward march, regardless of the murmurs of his weary 
soldiery, to Cabeira or Neoczesarea (now Niksar), where 
the king had gone into winter quarters with a vague 
hope that his son-in-law, Tigranes, the powerful king 


of Armenia, and possibly even the Parthians, might, | 


for their own sakes, come to his aid against a common 
foe. It was by a very toilsome march through difficult 
roads that the Roman army at last reached Cabeira, 
to find themselves confronted by a greatly superior 
force. But the troops of Mithridates were no more a 
match for the Roman legionaries than were the Per- 
sians for Alexander, and a large detachment of his 
army was decisively cut up by one of Lucullus’s lieu- 
tenant-generals. ‘The king decided on instant retreat, 
but the retreat soon became a disorderly flight, and 
Lucullus, seizing the moment for attack, annihilated 
his enemy, Mithridates himself escaping with difficulty 
over the mountain range between Pontus and Cappa- 
docia into Lesser Armenia. 
in the dominions of Tigranes, but was in fact detained 


He found a sort of refuge | 


: ’ el 
ag a prisoner rather than received as an honored friend 


and ally. ° 

Pontus thus, with the exception of some of the 
maritime cities, such as Sinope, Heraclea, and Amisus, 
which still clung to the king under whom they had 
enjoyed a free Greek constitution, became Roman ter- 
ritory. Two years were occupied in the siege and 
capture of these strongholds, while Lucullus busied 
himself with a general reform of the administration of 
the province of Asia. His next step was to demand 
the surrender of Mithridates and to threaten Tigranes 
with war in the event of refusal. He had indeed no 
direct authority from the home government to attempt 
the conquest of Armenia, but he may well have sup- 
posed that in invading the country he would be follow- 
ing out Sulla’s policy, and securing Rome in the Kast 
from a serious danger. Nor was it unnatural that 
there should be a fascination in the idea of winning 
renown in the distant and,almost unknown regions 
beyond the Euphrates. In the spring of the year 69 
B.C., at the head of only two legions, which, it appears, 
by no means liked the hardships of the expedition, he 
marched through Sophene, the southwestern portion 
of Armenia, crossed the Tigris, and pushed on to the 
newly-built royal city, Tigranocerta, situated on one of 
the affluents of that river. A motley host, made up 
out of the tribes bordering on the Black Sea and the 
Caspian, hovered round his small army, but failed to 
hinder him from laying siege to the town. On this 
occasion Lucullus showed consummate military capa- 
city, contriving to maintain the siege and at the same 
time to give battle to the enemy with a force that must 
have been inferior in the ratio of something like one 
to twenty. According to his own account he put the 
Armenians to rout with a loss of five Roman soldiers, 
leaving 100,000 dead on the field of battle. The vic- 
tory before the walls of Tigranocerta was undoubtedly 
a very glorious one for the arms of Rome, and it re- 
sulted in the dissolution of the Armenian king’s exten- 
sive empire. There might now have been peace but 
for the interference of Mithridates, who for his own 
sake pressed Tigranes to renew the war and to seek 
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the aid and alliance of Parthia. The Parthian king, 
however, was disposed to prefer a treaty with Rome 
to a treaty with Armenia, and desired simply to have 
the Euphrates recognized as his western boundary. 
Mithridates next appealed to the national spirit of the 
peoples of the East generally, and endeavored to rouse 
them to a united effort against Roman aggression. 
He hoped to crush his enemy amid the mountains of 
Armenia, and indeed the position of Lucullus was 
highly critical. The home government was for recall- 
ing him, and seemed to think little of his splendid 
successes; and his little army, which one might have 
supposed would have been proud of their general, was 
on the verge of mutiny. One can hardly understand 
how under such circumstances Lueullus should have 
persisted in marching his men northwards from Tigra- 
nocerta over the high table-land of central Armenia, 
with the enemy’s cavalry and innumerable mounted 
archers hanging on his columns, in the hope of reach- 
ing the distant Artaxata on the Araxes. The vexa- 
tion of his troops broke out into an open mutiny, 
which compelled him to recross the Tigris into the 
Mesopotamian valley. Here, on a dark tempestuous 


/night, he surprised and stormed Nisibis, the capital of 


the Armenian district of Mesopotamia, and in this 
city, which yielded him a rich booty, he found satis- 
factory winter quarters. 

Meantime Mithridates was again in Pontus, and the 
Roman forces which had been left there were soon 
overwhelmed. In one disastrous engagement at Ziela 
the Roman camp was taken and the army slaughtered 
toaman. Luecullus was still thwarted by the -muti- 
nous spirit of his troops, and after all his brilliant 
achievements he was obliged to pursue his retreat into 
Asia Minor with the full knowledge that Tigranes and, 
Mithridates were the unresisted masters of Pontus and 


Cappadocia. ‘The work of eight years of war was un- 
done. Commissioners sent from Rome to settle the 


affairs of the Hast had to report to the senate that a 
large part of Asia Minor was in the enemy’s hands. In 
the year 66 B.c. Lucullus was recalled, and superseded 
in his command by Pompey. 

He had indeed fairly earned by his brilliant victories 
the honor of a triumph, but he had powerful enemies 
at Rome, and charges of maladministration, to which 
no doubt his immense wealth gave no unreasonable 
color, caused it to be deferred for three years. In 63 
B.C., however, it was celebrated with extraordinary 
magnificence. By this time Lucullus seems to have 
felt that he had done his work. He had little taste for 
the increasingly turbulent political contests of the time, 
and, with the exception of occasional appearances in 
public life, he gave himself up to elegant luxury, with 
which, however, he combined a sort of dilettante pur- 
suit of philosophy, literature, and art. Cicero, who 
was on terms of close intimacy with him, always speaks 
of him with enthusiasm and in terms of the highest 
praise. Lucullus is with him a vir fortissinus et ela- 
rissimus, and aman too of the highest and most re- 
fined intellectual culture. As a provincial governor, in 
his humane consideration for the conquered and his 
statesmanlike discernment of what was best suited to 
their circumstances, he was a man after Cicero's own 
heart. In this respect he reminds'us of the younger 
Pliny. Very possibly Cicero may haye spoken too 
flatteringly of him, but we cannot think his praise was 
altogether undeserved. 

As a soldier, considering what he achieved and the 
victories he won with but small forces under peculiarly 
unfavorable conditions, he must have been.a man of no 
ordinary capacity. It is true that he does not seem to 
have had the confidence of his troops to the extent to 
which a great general ought to possess it, and it is just 
possible that he may have erred on the side of an ex- 
cessive aristocratic hauteur, which to his men may 
have looked like a selfish indifference to their hard- 
ships. But it is also possible that out of a strict re- 
gard to the lives and property of the provincials he may 
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have been too strict a disciplinarian for the taste of 
the soldiers. Some of his unpopularity, it is pretty 
certain, was due to the restraints which he had put on 
the rapacity of the capitalists, who thought themselves 
agerieved if they could not make rapid and enormous 
fortunes by farming the revenue of the rich provinces 
of the Hast. We can hardly doubt that with very de- 
cided aristocratic feeling and thorough devotion to his 
political party Lucullus combined much generous up- 
rightness and kindliness of heart. 

“His name calls up before the mind visions of bound- 
less luxury and magnificence, and among the Roman 
nobles who revelled in the newly acquired riches of the 
East Lucullus, it is certain, stood pre-eminent. His 
park and pleasure grounds in the immediate vicinity 
of the capital were the wonder and admiration of his 
own and of the succeeding age. Pompey is said to have 
styled him the Roman Xerxes, in allusion, not only to 
his splendor, but also to the costly and laborious works 
to be seen in his parks and villas at Tusculum, near 
Naples, where rocks and hills had been pierced at an 
almost infinite expense. On one of his demnabin en- 
tertainments he is said to have spent upwards of £2000. | 
Far the most pleasing trait in his character is the lib- 
eral patronage which he gave more especially to Greek 
philosophers and men of letters, and the fact that he 
collected a vast and valuable library, to which such men 
had free access. On the whole we may take Lucullus | 
to have been a man who in many respects rose above 
his age, and was a decidedly favorable specimen of a, 
great Roman noble. 

Of his latter years but little is recorded. He had, as 
we have seen, almost wholly retired from public life. 
Jt appears that he sank into a condition of mental fee- 
bleness and imbecility some years before his death, and 
was obliged to surrender the management of his affairs to 
his brother Marcus. he usual funeral panegyric was 

ronounced on him in the Forum, and the people would 
have had him buried by the side of the great Sulla in 
the Campus Martius, but he was laid at his brother's | 
special request in his splendid villa at Tusculum. 


The best account of Lucullus’s campaign in the East is to 
be found in Mommsen’s History of Rome, bk. v. chap. 2. 
Our knowledge of him is drawn mainly from Plutarch, 
Appian’s Mithridatic War, the epitomes of the-lost books of 
Livy, and very frequent allusions to him in Cicero’s works. | 

(Wed eae) 

LUDDITES, Tur, were organized bands of rioters 
for the destruction of machinery, who made their first 
appearance in Nottingham and the neighboring mid- 
land districts of England about the end of 1811. The 
origin of the name is curious, and is given as follows in 
the Life of Lord Sidmouth ie iii. p. 80). In 1779 
there lived in a village in Leicestershire a person of 
weak intellect, called Ned Lud, who was the butt of 
the boys of the village. On one occasion Lud pursued 
one of his tormentors into a house where were two of 
the frames used in the stocking manufacture, and, not 
being able to catch the boy, vented his anger on the 
frames. Afterwards, whenever any frames were bro- | 
ken, it became a common saying that ud had done it. 
Tt is curious also that the leader of the riotous bands 
took the name of General Lud. 
arose out of the severe distress caused by commercial 
depression and the consequent want of employment. 
They were specially directed against machinery because 
of the widespread prejudice that its use directly op- 
erated in producing a scarcity of labor. Apart from 
the prejudice, it was inevitable that the economic and 
social revolution implied in the change from manual 
work to work by machinery should give rise to great 
misery by upsetting all the old industrial habits and 
arrangements. The riots began at Nottingham, in 
November, 1811, with the destruction of stocking and 
Jace frames, and, continuing through the winter and, 
following spring, spread into Yorkshire and_ Lanca- 
shire. They were met by severe repressive legislation, | 
—a notable feature in the opposition to it being Lord , 


The Luddite riots | 


/vation of cotton and sugar-cane. 


only navigable for boats of small burden. 


-Mohammedans, 206,603 ; 
| 61,858. 
|in number (205,304) and in agricultural importance; they 


5 
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Byron’s speech in the House of Lords, the first which | 
he delivered there. In 1816 the rioting was resumed, 
through the fearful depression that followed on the 
Kuropean peace, aggravated by one of the worst of re- 
corded harvests, when wheat rose from 52s. 6d. to 103s. 
a quarter (in Yorkshire it was more than a guinea a 
bushel), when the corn was still green in October, and 
the potato crop was a failure. In that year, though 
the centre of the rioting was again in Nottingham, it 
extended over almost the whole kingdom, and took 
more decidedly the form of a general discontent and se- 
ditious restlessness. The rioters were also thoroughly 
organized. While part of the band with extraordinary 
quickness and thoroughness destroyed the machinery 
in the houses, sentinels were posted to give warning of 
the approach of the military and police; and all had 
generally disappeared before the least risk of discovery. 


Under the influence of vigorous repressive measures, 


and especially of reviving prosperity, the spirit of riot- 


ing ere long died out. 


See the Annual Register for the years concerned; Life of 
Lord Sidmouth, by the Hon. George Pellew, dean of Nor- 
wich, vol. iii.; and Spencer Walpole, History of England, 


| Vol. i. 


LUDHIANA, a district in the lieutenant-governor- 


/ship of the Punjab, India, lying between 30° 33” and 


31° 17 N. lat. and between 75° 24’ 30’” and 76° 277 E. 
long., is bounded on the N. by the Sutlej river, on the 
li. by Umballa (Ambala) district, on the S. by Patiala, 
Nabha, and Maler Kotla states, and on the W. by 
Hirozpur district. The surface of Ludhiana consists 
for the most part of a broad plain, without hills or 


‘rivers, and stretching northward from the native 


borders to the ancient bed of the Sutlej. The soil ig 
composed of a rich clay, broken by large patches of 
shifting sand. On the eastern edge, towards Umballa, 
the soil improves greatly, the clay being here sur- 
mounted by a bed of rich mould, suitable for the culti- 
Towards the west 
the sand occurs in union with the superficial clay, and 
forms a light friable soil, on which cereals form the 
most profitable crop. Even here, however, the earth 
is so retentive of moisture that good harvests are 
reaped from fields which appear to the eye mere 
stretches of dry and sandy waste, but are covered, 


after the autumn rains, by waving sheets of wheat and 


millet. These southern uplands descend to the valley 


‘of the Sutlej by an abrupt terrace, which marks the 


former bed of the river. ‘The principal stream has 
now shifted to the opposite side of the valley, leaving 
a broad alluvial strip, 10 miles in width, between its 
ancient and its modern bed. The Sutlej itself is here 


A branch 


of the Sirhind Canal, now in course of construction, 


‘will irrigate a large part of the western pargands. At 


R 


resent irrigation is almost entirely confined to wells. 
he district is singularly bare of trees. 


The census of 1868 returned a total population of 583,245 
persons (319,342 males and 263,903 females), spread over an 
area of 1359 square miles, inhabiting 879 villages and 
towns, and 151,934 houses. Hindus numbered 219,371; 
Sikhs, 95,463; and ‘others,’ 
In ethnical classification the Jats rank first, both 


form one-third of the total population, and nearly two- 
thirds of the cultivating class. The Gijars come next with 
30,009 persons. Rajputs number 23,961, and cluster thickly 
in the fertile strip along the bank of the Sutlej. Though 
they hold the richest portion of the district. they are but 
careless and improvident cultivators. Brahmans number 
21,165, but their social importance is small, and they own 
but a single village. The mercantile classes are repre- 
sented by 15,251 Kshattriyas and 8174 Banias. There are 
also 5549 Kashmiris, employed in weaving shawls and 
woollen goods. Four towns were returned in 1868 as con- 


taining upwards of 5000 inhabitants, viz., Ludhiana, 39,983 ; 


Raikot, 9165; Jagraon, 7096; and Machiwara, 6062. Lud- 
hidna is a flourishing agricultural district in spite of the 
general unpromising appearance of its soil, a result mainly 
attributable to the untiring diligence of its Jat cultivators, 
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Almost all the available land has been brought under the 
plough, and in many villages no waste land is left for pas- 
turage, the cattle being fed from cultivated produce. Under 
rabi or spring crops there were in 1872-73, 198,279 acres of 
wheat, 30,620 of barley, 162,649 of gram, and 576 of poppy. 
The kharif or rain crops comprised 129,589 acres of jodr, 
49,047 of Indian corn, 55,293 of moth, and 15,894 of cotton. 
In spite of their industrious habits, many of the peasantry 
are deeply in debt, and the rate of interest is high. Most 
of the land is held by tenants-at-will. Agricultural labor- 
ers are paid in grain; in the towns, unskilled labor is 
paid at the rate of from 3d. to 4)d. per diem. Ludhidna is 
comparatively free from danger of actual famine, though 
it suffers much from drought. The exports, of which the 
annual value is estimated at £377.120, are chiefly confined 
to grain, cotton, wool, saltpetre, and indigo; the principal 
imports (£365,552) are English goods, spices, and red 
madder dye. Manufactures include shawls, pashmina cloth, 
stockings, gloves, cotton goods, furniture, carriages, and | 
firearms. 
hundred private silk-looms give employment to over three | 
thousand persons. Communication is afforded by the Sind, | 
Punjab and Delhi Railway, which runs through the centre 
of the district, and by several lines of good metalled 
roads. 

The administrative staff of the district comprises a dep- 
uty commissioner, with an assistant and two extra assist- 
ants, a small-cause court judge, and three tuhstlddrs, besides 
the usual medical and constabulary officers. The total 
revenue in 1872-73 was £103,795, of which £35,215 was con- 
tributed by the land tax. Education in 1873 was afforded 
by 184 schools, of which 68 were in receipt of Government 
grants in aid; the total number of enrolled pupils was | 
6733. In the upland portion of the district the atmosphere 
is dry and healthy ; in the Sutlej valley, however, the air 
is extremely noxious after the rainy season floods, and 
fever prevails often in an epidemic form; ophthalmia is 
also common, The mean temperature in 1872 was 87.59° 
Fahr. in May, 85.67° in July, and 54.85° in December, the 
maximum being 117°, and the minimum 31°. The aver- 
age annual rainfall is 28 inches. 

History —Though the present town of Ludhiana dates no 
farther back than the 15th century, other cities in the dis- 
trict can claim a much greater antiquity. At Sunet, close 
to the nrodern station, are ruins of an extensive brick-built 
town, whose greatness had already passed away before the 
period of Mohammedan invasion; and the old Hindu city 
of Machiwara is of still earlier date, being mentioned in 
the Mahabharata. During the Mussulman epoch, the his- 
tory of the district is bound up with that of the Rais of 
Raikot, a family of converted Rajputs, who received the 
country as a fief under the Sayyid dynasty, about the year | 
1445. Tne town of Ludhidna was founded in 1480 by two 
of the Lodi race (then ruling at Delhi), from whom it 
derives its name, and was built in great part from the pre- 
historic bricks of Sunet. The Lodis continued in posses- 
sion until 1620, when it again fell into the hands of the} 
Raisof Raikot. Throughout the palmy days of the Mughal 
empire the Rdikot family held sway, but the Sikhs took | 
advantage of the troubled period which accompanied the 
Mughal decadence to establish their supremacy south of the 
Sutlej. Several of their chieftains made encroachments on | 
the domains of the RAéis, who were only able to hold their 
own by the aid of George Thomas, the famous adventurer | 
of Haridina. In 1806 Ranjit Sinh crossed the Sutlej and | 
reduced the obstinate Mohammedan family, and distributed | 
their territory amongst his own co-religionists. Since the | 
British occupation of the Punjab, Ludhidna has grown in 
wealth and population, but its history has been unevent- 
ful. 

LuputAna, the chief town and headquarters station 
of Ludhina district, is situated on the south bank of 
the old bed of the Sutlej, 8 miles from the present bed | 
of the river, in 30° 55’ 25’’ N. lat. and 75° 53’ 30’7 E.. 
long. The population in 1868 was 39,983, viz., Mo- 
hammedans, 27,860; Hindus, 10.208; Sikhs, 45;. 
Christians, 79; ‘‘ others,’’ 1791.. The Kashmiris re- 
tain their hereditary skill as weavers of shawls and 
pashmina cloth, the value of the quantity exported in 
1871-72 being returned at £13,350. Shawls of the soft 
Rampur wool, cotton cloths, scarfs, turbans, furniture, 
and carriages also form large items in the thriving 
trade of the town. Since the opening of the railway, 
Ludhiéna has become a great central grain mart, hay- 
ing extensive export transactions both with the north 
and south. The American Presbyterian Mission has 


a church and school, with asmall colony of native. 


| was 5087, and in 1881, 5035. 


LUDLOW. 


Christians. The town bears a bad reputation for un- 
_healthiness. 

LUDLOW, a municipal and parliamentary borough 
-and market town of Shropshire, Hngland, is situated 
/at the junction of the Teme and Corve on the borders 
of Herefordshire, 27 miles southeast from Shrewsbury 
'and 10 north from Leominster. The old castle, on an 


eminence above the Teme, presents an imposing and 
Inassive appearance, the Norman towers and the 
‘greater part of the walls being still complete. The 


parish church of St. Lawrence, a fine cruciform struc- 
ture in the Gothic style, with a lofty central tower, 
dates from the reign of Edward ITI. ; it was restored 
in 1859-60. The grammar school, founded in the 
reign of John, was incorporated by Edward I. The 
other principal public buildings are the guild-hall, the 


Right large silk fectaries ant’ wovmeenee four! town-hall and market-house, and the public rooms 


| which include the assembly-rooms and a museum 0 


y. Tanning and malting are carried on 
to a small extent, and there are also flour mills. The 
population of the municipal borough (280 aeres) in 1871 
The population of the 
parliamentary borough (1371 acres) in the same years 
was 6203 and 6663. 

Ludlow is said to have existed as a British town under 
the of name Dinan. After the Conquest it was granted to 
Roger de Montgomery, who is said to have been the found- 
er of the castle. For some time the castle was a royal 
residence, and from the reign of Henry VIII. to that of 
William III. it was the seat of the council of the marches, 
In the reign of Charles I. it was garrisoned for the king, 
but it surrendered to the parliamentary forces in June, 
1646. The town had a charter of incorporation at a very 
early period, which was confirmed by Edward IY, 


LUDLOW, Epmunp (1620-1693), was born at Mai- 
den Bradley, Wiltshire, in 1620, of an ancient and 
honorable family. He studied at Trinity College, Ox- 
ford (where he took his B. A. degree in 1636), and at 
the Temple. When the war broke out he engaged as 
a volunteer in the life guard of Lord Essex, consisting 
of one hundred gentlemen. His first essay in arms 
was at Worcester, his next at Edgehill. He was made 
governor of Wardour Castle in 1643, which place he 
surrendered on honorable terms after ten months’ 
siege. On being exchanged soon afterwards, he en- 
gaged as major of Sir A. Haslerig’s regiment of horse, 
in which capacity he did good service in the western 
counties. He was present at the second battle of New- 
bury, October, 1644. In 1645 he was elected M. P. 
for Wilts, in the room of his father Sir Henry Ludlow, 
and attached himself inflexibly to the republican party. 
Tn 1648 he was one of a committee of six who arranged 
the violent action known as Pride’s Purge. He was 
one of the king’s judges, and put his hand to the 
warrant for his execution. In January, 1651, Ludlow 
was sent into Ireland as lieutenant-general of horse, 
holding also a civil commission. Here he spared nei- 
ther health nor money in the public service. Iveton, the 
deputy of Ireland, died 27th November, 1651, and for 
six months Ludlow held the chief place, which he then 
resigned to Fleetwood. Though disapproving of Crom- 
well’s action in dissolving the Long Parliament, he 
maintained his employment, but when Cromwell was 
declared Protector he declined to acknowledge his 
authority, and was soon after recalled to England. He 
refused the Protector face to face when ordered to sub- 
mit to his government, and in December, 1655, retired 
to his own house in Hssex. After Oliver Cromwell’s 
death Ludlow was returned for the borough of Din- 
don, and took his seat in Richard’s parliament in 1659. 
He sat also in the restored Rump, and was a member 
of its council of state and of the committee of safety 
after its second expulsion. He also held office for a 
short time in Ireland. After the Restoration, finding 
that his life was in danger, he left England, in Septem- 
ber, 1660, and travelled through France and Geneva, 
and thence to Vevey, then under the protection of the 
canton of Bern. There he spent the rest of his long 


natural history 


life unmolested, to the great credit of the Government 
of that canton, which had also extended its protection 
to other regicides. He was, however, in constant dan- 

er from Cavalier assassins. He steadily refused 

uring thirty years of exile to have anything to do 
with the desperate enterprises of republican plotters. 
But in 1689 he returned to England, hoping to be em- 
ployed in Irish affairs. He was, however, known only 
as a regicide; and an address fiom the House of Com- 


mons was presented to William III. by Sir Edward Sey- | 


mour, requesting the king to issue a proclamation for 
his arrest. Judlow escaped again, and returned to 
Vevey, where he died in 1693, aged seventy-three, 
and where a monument raised to his memory by his 
widow is still to be seen in the church of St.- Martin. 
Over the door of the house in which he lived was 

laced the inscription ‘‘ Qmne solum forti patria, quia 
Patria.” His memoirs, extending to the year 1688, 
were published in 1698-99 at Vevey. 

LUDOLF, or Leurnortr, Hiop (1624-1704), a 
learned Orientalist, was born at Erfurt on June 15, 
1624. At an early age he manifested a passion for the 
acquisition of foreign tongues; and after exhausting 
the imperfect educational recources of his native place 
he went in 1645 to Leyden, where for upwards of a 
year he was the pupil of Krpenius, Golius, and other 
linguists. Having received an appointment as tutor, 
he afterwards travelled in France (where he became 
‘acquainted with Bochart at Caen) and in England, and 
in 1649 he was commissioned by the Swedish ambassa- 
dor at the French court to go to Rome in quest of 
certain papers which had been lost, and which Queen 
Christina wished to recover. In this mission he was 


unsuccessful, but while in Italy he became acquainted | 


with four Abyssinians, from whom he acquired his 
knowledge (at that time unique) of Ethiopic. In 1652 
he entered the diplomatic service of the duke of Saxe- 


Gotha; in this he continued (acting also for some time | 
yrinces) until 1678, when he | 


as tutor to the young 
retired to Resp foct-on-the-M ain. At the conferences 
held there in 168] and 1682 he held a commission to 
act for the dukes of Saxony. In 1683 he visited Eng- 
land to promote a cherished scheme for establishing 


trade with Abyssinia, but his efforts were unsuccessful, | 
chiefly through the bigotry of the authorities of the | 


Coptic Church. Returning to Frankfort in 1684, he 
gave himself wholly to literary work, which he con- 
tinued almost to his death on April 8, 1704, In 1690 
he had the honor to be appointed president of the 
“Collegium Imperiale Historicum,”’ 

His works, of which a complete list will be found in 
Chauffepié’s Dictionnaire, include Historia Ethiopica (fol. 
1681), with Commentarius ad Iist. Eth, (1691), and Appendix 
(1693); Grammatica Amhurice Linguie, que vernacula est 
Tabessinorum, 1698; Lexicon Amharico-Latinum, 1698; Lexi- 
con Ethiopico- Latinum, of which the first edition was pub- 
lished in London in 1661, but with many inaccuracies for 
which Ludolf refused responsibility (a second edition ap- 
peared at Frankfort in 1699): Grammatica Lingua Ethiopice 
(London, 1661; Frankfort, 1702). Ludolf holds a very 
high place among the older Orientalists, and his works on 
Ethiopie in particular continued to be the standard text- 
books till they were superseded by those of Dillmann, 


LUDWIGSBURG, the second royal residence of 
Wiirtemberg, is situated 9 miles to the north of Stutt- 
gart and 14 miles from the Neckar. It was laid out at 
the beginning of last century by Duke Eberhard Ludwig 
as arival to Stuttgart, and was greatly enlarged by 
Duke Charles, who resided there from 1764 to 1785. 
_ Constructed as the adjunct of a palace, the town bears 
the impress of its artificial origin, and its straight 
streets and spacious squares have a dull and lifeless 
appearance. Its main importance now consists in its 
being the chief military depét of Wiirtemberg, as 
which it contains extensive barracks, a cannon foundry, 
an arsenal, and amilitary academy. The royal palace, 
one of the largest and finest in Germany, stands in a 
beautiful park, and contains a portrait-gallery and the 
burial vault of the sovereigns of Wiirtemberg. Among 
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the other prominent buildings are four churches and 
several educational and charitable institutions. Lud- 
wigsburg also carries on manufactures of organs, wool- 
len and linen cloth, japanned tin-wares, picture frames, 
and chicory. In 1880 it contained 16,100 inhabitants, 
about one-fourth of whom belonged to the garrison. 
Dayid Strauss, author of the Life of Jesus, was a 
native of Ludwigsburg. In the vicinity is the beauti- 
ful royal chateau of Monrepos, connected with the 
park of Ludwigsburg by a fine avenue of limes. 

LUDWIGSHAFEN. See Mannuem. 

LUGANO, a town of Switzerland, which divides 
with Locarno and Bellinzona the first rank in the can- 
ton of Tessin (Ticino). It stands on the shore of the 
lake of the same name, on a narrow strip of Swiss 
territory which projects into Lombardy and is every- 
where close to the Italian frontier. The prosperity of 
the town is due to its position on the main line of land 
communication between Milan and the pass of the St. 
Gotthard, and the facility of intercourse by land and 
water, whether for legitimate or contraband trade, be- 
tween this outlying fragment of Switzerland and the 
rich region that surrounds it. The buildings are not 
remarkable, but the church of Santa Maria degli 
Angioli contains several important pictures by Luini, 
a native of the adjoining district. The monastery to 
which the church formerly belonged is now converted 
into alarge hotel. During the siruggle of the people 
of northern Italy to expel the Austrians from Lom- 
bardy, between the years 1848 and 1866, Lugano served 
as headquarters for Mazzini and his followers. Books 
and tracts intended for circulation throughout Italy 
were produced there, and at the neighboring village 
of Capolago, on a large scale, and the efforts of the 
Austrian police to check their circulation were com- 
pletely powerless. The population is Italian in charac- 
ter and features, and the Italian tongue is exclusively 
spoken. On the quay is a statue of Tell by Vela, and 
‘here are other works by the same eminent sculptor, a 
native of the canton, in private grounds near the town. 
About 2 miles distant, and nearly due south, a steep 
hill—ealled Monte Salvatore—rises more than 2000 
feet above the surface of the lake, and commands a 
fine panoramic view, limited in some directions by the 
higher mountains on the opposite side of the lake, but 
extending in one direction to Monte Rosa, and in an- 
other to the cathedral of Milan. 

LUGANO, Laker oF (sometimes called Lago 
Ceresio by the Italians, from the Roman name Lacus 
Ceresius), situated partly in Lombardy and partly in 
the Swiss canton Tessin or Ticino, takes its ordinary 
name from the town of Lugano, the only considerable 
place on its banks. Its form is very irregular, and has 

een compared to a sickle, a fish-hook and various 
other objects. It lies altogether amidst the outer 
ranges of the Alps that divide the basin of the Ticino 
from that of the Adda, where the calcareous strata 
have been disturbed by the intrusion of porphyry and 
other igneous rocks. It is not connected with any 
considerable valley, but is fed by numerous torrents in 
yarious directions issuing from short glens in the sur- 
rounding mountains, and is drained by the Tresa, an 
unimportant stream that flows westward into the Lago 
Maggiore. The surface of the lake is 889 feet above 
the sea, and the form of its bed seems to be very ir- 
regular. In some parts soundings of more than 1000 
feet have been taken, while in one place the lake is so 
shallow that a causeway half a mile in length, support- 
ing the road and the railway, has been carried from 
shore to shore. The scenery is of a varied character : 
in great part, and especially in the northeast arm _ex- 
tending from Lugano to the Lombard village of Por- 
lezza, the lake is enclosed between mountains that 
rise steeply to a height of some 2000 feet from the 
water’s edge, while on its southern and western 
branches it is encompassed by gently swelling hills rich 
with the luxuriance of Italian vegetation. 

LUGANSK, a town of Russia, in the government 
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of Ekaterinoslaff, district of Slavianoserbsk, 300 miles 
to the eastward of the capital of the province, is con- 
nected by a branch with the railway between Khar- 
koff and Azoff, as well as with other towns and iron- 
works of the Donetz coal-mines district. It stands on 
the small river Lugan, 10 miles from its junction with 
the northern Donetz, in the Lugan mine district, of 
which it is the chief town. This district, which com- 
prises the important coal mines of Lisitchansk and the 
anthracite mines of Gorodische, occupies an area of 
about 110,000 acres on the banks of the Donetz river, 
and has a population of more than 15,000. 
it is mentioned in Russian history as early as the 16th 
century, and coal was discovered in it at the time of 
Peter L., it was not until 1795 that an Hneglishman, 
Gascoyne or Gaskoin, established its first iron-work for 
supplying the Black Sea fleet and the southern fort- 
resses with guns and_ shot. 


manufacture of supplies for the navy was suspended ; 
but during the Crimean war the iron-works of Lugan 
again largely produced shot, shell, and gun-carriage 
Since 1864 agricultural implements, steam-engines, 
and the various machinery required for beetroot sugar- 
works, distilleries, etc., have been the chief manu- 
factures. The Lugan works, which employ about 
1200 men, are the chief centre for smelting the ores of 
the neighboring iron-mines. The town is the seat of 


the mining authorities for the district, and has a first- | 


The | 


class meteorological and magnetic observatory. 
11,000 inhabitants of Lugansk also carry on a very 
active trade in cattle, tallow, wools, skins, linseed, 
wine, corn, and manufactured wares. The weekly 
fairs are much frequented. 
many tallow-melting works, and the smith trade is 
largely carried on. 

LUGO, a maritime province of Spain, one of the 
four into which Galicia ee since 1833 been divided, is 
bounded on the K. by Oviedo and Leon, on the S. by 


Orense, on the W. by Pontevedra and Corufia, and on | 


the N. by the Atlantic. 
north to south is about 98 miles, its breadth 58, and 
the area 38787square miles. ‘The coast, which extends 
for about 40 miles from the estuary of Rivadeo to 
Cape Vares, is extremely rugged and inaccessible, and 
few of the inlets that exist, except those of Rivadeo 
and Vivero, admit vessels of any size. The province, 
especially in the north and east, is mountainous in its 


character, being traversed by the great Cantabrian | 


chain and its offshoots; the sierra by which it is sepa- 


rated from Leon attains in some places a height of 6000 | 


feet. A large part of the area is drained by the Mino, 
which rises on the western slope of the Sierra de Meira, 


by the Sil; the latter for a considerable distance forms 
the southern boundary of the province. Of the rivers 
of the northern versant the most important are the 
Navia (which has its lower course through Oviedo), 
the Eo (for some distance the boundary between the 
two provinces), the Masma, the Oro, and the Land- 
robe. The EKume, one of the rivers of Corufia, and 
the Ulla, which separates that province from Ponte- 
vedra, both have their rise on the western slopes of 
Lugo. Some of the northern valleys even, in their 
lower portions, are fertile, and yield not only corn but 
fruit and wine, but the principal agricultural wealth is 
on the Mifio and Sil, where rye, maize, wheat, lezumes 
of various kinds, flax, hemp, and a little silk are pro- 
duced. The hills are comparatively well wooded. 
Iron is found at Caurel and Incio, antimony at Cas- 


troverde and Cervantes, argentiferous lead at Riotorto ; 


and there are quarries of granite, marble, and various 
kinds of slate and building stone. Linen and woollen 
cloths are manufactured, but to an insignificant ex- 
tent, and the trade of the province is unimportant. 
The internal communications are still very imperfect. 
There is only one railway, that connecting Lugo with 
Corufia; but connections with Leon (Braiiuelas) and 


Although | 


This proved a failure, | 
owing to the great distance from the sea, and the 


There are alsoin the town | 


Its extreme length from | pendent ‘ \ p 
| and it is said to have acquired metropolitan rank in the 


| 
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with Orense are in contemplation. The total popula- 


tion in 1877 was 410,387, being a decrease of 22,129 


since 1860. There are ten towns with a population 
over 10,000—Chantada, Fonsagrada, Lugo, Mondoiie- 
do, Monforte, Panton, Sarria, Savifiao, Vulalba, and 

ivero. 

Luao, the capital of the above province, stands on 
a small hill near the northern bank of the river Mino, 
at a height of 1930 feet above the level of the sea, 60 
miles southwest from Corufa, and 353 northwest 
from Madrid, on the highway between these two cities. 
With the former it is continuously connected by rail. 
The form of the town, which is nearly quadrangular, 
is defined by a massive Roman wall, from-30 to 40 feet 
in height and 20 feet thick, with projecting semicireu- 
lar towers which, prior to the civil war in 1809, were 
eighty-five in number; it now serves as a promenade, 
commanding an extensive and delightful prospect. 
The principal public places are the Plaza de la Con- 
stitucion, a spacious arcaded square, the Plaza de San 
Domingo, the Plaza del Hospital, and the busy Plaza 
del Campo, where fairs and markets are held. The 
most important of the public buildings is the Gothie 
cathedral on the south side of the town; it dates from 
the 12th century, but was modernized in the 18th, 
and possesses no special architectural merit. Other 
churches are those of the Capuchins and that of San Do- 
mingo ; the only other buildings of note are the episco- 
pal palace, the secondary school, the hospital, and the 
prison. he principal industries are tanning, and the 
manufacture of linen cloth and of cream of tartar; 
there is some trade in silk wares. About a mile to 
the south of the town, on the left bank of the Mifio, 
are the famous hot sulphur baths of Lugo; the bath- 
ing house dates from 1847. The population of the 
ayuntamiento in 1877 was 18,909. 


Lugo (Lucus Augusti) was made by Augustus the seat of 
a conventus juridicus. Its sulphur baths were even then 
wellknown. It suffered greatly in the 5th century, during 
the Moorish wars, and, more recently, during the war of 
independence. The bishopric dates from a very early period, 


middle of the 6th century; it is now suffragan to Santiago, 


LUGOS, a market-town of Hungary, capital of the 
trans-Tiisian county of Krassd, is situated on the 
Temes, and on the railway from Temesvar to Karfn- 
sebes, 32 miles east-southeast of the former, in 45° 417 
N. lat., 21° 53” E. long. The two main portions of 
the town, separated by the river, and named_respec- 
tively Német- (German) Lugos and Romaén- (Rouma- 
nian) Lugos, are connected by a wooden bridge 312 
feet in length. Lugos is the seat of a Greek Catholic 


lope ¢ ierra de Me | (Roumanian) bishopric, of royal and cireuit courts of 
and follows a southerly direction until it is joined) 


law, and of the usual bureaus of a county administra- 
tion. The public and other buildings include Greek 
Orthodox, Greek Catholic, Roman Catholic, and 
Lutheran churches, a synagogue, a royal upper gym- 
nasium (founded in 1823), a Minorite convent, an 
episcopal palace, the barracks, and the ruins of a cas- 
tle. The surrounding country is mountainous and 
well-wooded, and produces large quantities of grapes 
and plums. In 1880 the population was 11,287, of 
whom 3476, chiefly Germans, were in Német-Lugos, 
and 7811, Roumanians, with a few Slavonians and 
Magyars, in Romén-Lugos. 

Lugos was once a strong fortress and of greater relative 


‘importance than at present. During the 16th and 17th 


centuries it suffered much at the hands of the Turks, At 
the close of the Hungarian revolutionary war (August 
1849) it was the last resort of Kossuth and several other 
leaders of the national cause previous to their escape to 
Turkey. 


LUINI, Brernarpino, the most celebrated master 
of the Lombard school of painting founded upon the 
style of Leonardo da Vinci, was borne at Luino, a vil- 
lage on the Lago Maggiore, towards 1465. He him- 
self wrote his name as ‘‘ Bernardin Loyino,’’ but the 
spelling ‘‘Luini’’ is now very generally adopted. 


LUKE. 


Few facts are known regarding the life of this illus- 
trious and delightful painter, and itis only since a com- 
paratively recent date that he has even been credited 
with the production of his own works, and with the 
fame thereto appertaining, as many of them had, in 
the lapse of years and laxity of attribution, got as- 
signed to Leonardo. It appears that Luini studied 
painting at Vercelli, under Giovenone, or perhaps 
under Lo Scotto. He reached Milan either after the 
departure of Da Vinci in 1500, or shortly before that 
event; it is thus left uncertain whether or not the two 
artists had any personal acquaintance, but Luini was 
-at any rate in the painting-school established in Milan 
by the great Florentine. In the later works of 
Luini a certain influence from the style of Raphael is 
superadded to that, far more prominent and funda- 
mental, from the style of Leonardo; but there is 
nothing to show that he ever visited Rome. His two 
sons are the only pupils who have with confidence 
been assigned to him; and even this can scarcely be 
true of the younger, who was born in 1530, when 
Bernardino was well advanced in years and was not 
far from the close of his career. Gaudenzio Ferrari 
has also been termed his disciple. One of his sons, 
Evangelista, has left little which can now be identified ; 
the other, Aurelio, was accomplished in perspec- 
tive and landscape work. There was likewise a 
brother of Bernardino, named Ambrogio, a competent 

ainter. Bernardino, who hardly ever left Lombardy, 
had some merit as a poet, and is said to have composed 
a treatise on painting. The precise date of his death 
is unknown; he may perhaps have survived until 
about 1540. A serene, contented, and happy mind, 
naturally expressing itself in forms of grace and 
beauty, seems stamped upon all the works of Luini. 
The same character is traceable in his portrait, painted 
in an upper group in his fresco of Christ Crowned 
with Thorns in the Ambrosian library in Milan,—a 
venerable bearded personage. The only anecdote 
which has been preserved of him tells a similar tale. 
It is said that for the single figures of saints in the 
church of Saronno he received a sum of money equal 
to 22 francs per day, along with wine, bread, and 
lodging; and he was so well satisfied with this re- 
muneration that, in completing the commission, he 
painted a Nativity for nothing. 

Along with this natural sweetness of character, a 
dignified suavity is the most marked characteristic of 
Luini’s works. They are constantly beautiful, with a 
beauty which depends at least as much upon the lov- 
ing self-withdrawn expression as upon the mere re- 
finement and attractiveness of form. This quality of 
expression appears in all Luini’s productions, whether 
secular or sacred, and imbues the latter with a pecu- 
liarly religious grace—not ecclesiastical unction, but 
the devoutness of the heart. His heads, while ex- 
tremely like those painted by Leonardo, have less 
subtlety and involution and less variety of expression, 
but fully as much amenity. He began indeed with a 
somewhat dry style, as in the Piet’ in the church of the 
Passione ; but this soon developed into the quality which 
distinguishes all his most renowned works; although 
his execution, especially as regards modelling,, was 
never absolutely on a par with that of Leonardo. 
Luini’s paintings do not exhibit an impetuous style of 
execution, and certainly not a negligent one; yet it 
appears that he was in fact a very rapid worker, as his 

icture of the Crowning with Thorns, painted for the 

— College del 8S. Sepolero, and containing a large num- 
ber of figures, is recorded to have occupied him only 
thirty-eight days, to which an assistant added eleven. 
His method was simple and expeditious, the shadows 
being painted with the pure color laid on thick, while 
the fights are of the same color thinly used, and mixed 
with alittle white. The frescos exhibit more freedom 
of hand than the oil pictures; and they are on the 
whole less like the work of Da Vinci, having at an 
early date a certain resemblance to the style of Man- 


| London, Christ Disputing with the Doctors. 
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tegna, as later on to that of Raphael. Luini’s color- 
ing is mostly rich, and his light and shade forcible. 


Among his principal works the following are to be men- 
tioned. AtSaronnoare frescos painted towards 1525, repre- 
senting the life of the Madonna—her Marriage, the Presen- 
tation of the Infant Saviour in the Temple, the Adoration of 
the Magi, and other incidents. His own portrait appears in 
the subject of the youthful Jesus with the Doctors in the 
Temple. . This series—in which some comparatively archaic 
details occur, such as gilded nimbuses—was partly repeated 
from one which Luini had executed towards 1520 in 8. 
Croce. Inthe Brera Gallery, Milan, are frescos from the 
suppressed church of La Pace and the Convent della 
Petucca,—the former treating subjects from the life of the 
Virgin, the latter, of a classic kind, more decorative in 
manner. The subject of girls playing at the game of 
“hot-cockles,’ and that of three angels depositing St. 
Catherine in her sepulchre, are particularly memorable, 
each of them a work of perfect charm and grace in its 
way. In the Casa Silva, Milan, are frescos from Ovid’s 
Metamorphoses. The Monastero Maggiore of Milan (or 
church of S. Maurizio) is a noble treasure-house of Luini’s 
art,—including a large Crucifixion, with about one hun- 
dred and forty figures; Christ Bound to the Column, 
between figures of Saints Catherine and Stephen, and the 
founder of the chapel kneeling before Catherine; the 
Martyrdom of this Saint; the Entombment of Christ; and 
a large number of other subjects. In the Ambrosian 
library is the fresco (already mentioned), covering one 
entire wall of the Sala della S. Corona, of Christ Crowned 
with Thorns, with two executioners, and on each side six 
members of a confraternity; in the same building the 
Infant Baptist Playing with a Lamb; in the Brera, the 
Virgin Enthroned, with Saints, dated 1521; inthe Louvre, 
the Daughter of Herodias receiving the Head of the Bap- 
tist; in the Esterhazy Gallery, Vienna, the Virgin between 
Saints Catherine and Barbara; in the National Gallery, 
Many or 
most of these gallery pictures used to pass for the handi- 
work of Da Vinci. The same is the case with the highly 
celebrated Vanity and Modesty in the Sciarra Palace, 
Rome, which also may nevertheless in all probability be 
assigned to Luini. Another singularly beautiful picture 
by him, which seems to pass almost entirely unobserved by 
tourists and by writers, is in the Royal Palace in Milan— 
a large composition of Women. Bathing. That Luini 
was also pre-eminent as a decorative artist is shown by his 
works in the Certosa of Pavia. 


LUKE, whose name is traditionally attached to the 
Third Gospel, appears to have been one of the com- 
panions of Paul, being mentioned as such in Col. iy. 
14, Philem. 24, and 2 Tim. iv. 11; even if, as some 
critics suppose, these epistles were not written by Paul 
himself, they are at any rate likely to have preserved 
the local coloring. Assuming, as is probable, that the 
same person is intended in all three passages, we 
gather (1) that Luke was not a born Jew, since in Col. 
iy. 11, ‘‘those who are of the circumcision’’ appear 
to be separated from those, among whom is Luke, who 
are mentioned afterwards (but there is nothing to 
determine the question, which has since been raised, 
whether he had been a Jewish proselyte or a Gentile), 
and (2) that he was a physician. There was an early 
belief, first mentioned by Irenzeus, that he is spoken 
of, though not mentioned by name, in 2 Cor. vill. 18, 
as ‘‘ the brother whose praise is in the gospel through- 
out all the churches’’; and the subscription of that 
epistle in some MSS., and in the Peschito and other 
versions, embodies this belief. Of his birth and coun- 
try nothing is positively known; but it is a possible 
inference from his name Lucas, which is a contraction 
of Lucanus (the full form occurs in some early MSS. 
of the Itala), that he was of Italian (Lucanian) descent. 

From the time of Ivenzeus, whose testimony is soon 
followed by that of Clement of Alexandria, Tertullian, 
and Origen, this companion of Paul has generally been 
considered to be the author of the third canonical 
Gospel and of the Acts of the Apostles ; but no other 
facts are mentioned by early writers as to his personal 
history, except such as may be gathered from the wri- 
tings which are attributed to him. Tertullian, for 
example, speaks of him as ‘‘ non apostolus sed apos- 
tolicus,’’ and as ‘‘ posterioris apostoli sectator’’ (Adv. 
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Marcion., 4,2); and the Muratorian fragment says 
that he had not seen the Lord in the flesh. The 
most important of these biographical inferences are 
those which were made by Eusebius, who, translating, 
or mistranslating, tapyKoAovbnxdrs rao1, in the preface 
to the Gospel, by ‘‘ having accompanied all,’’ 7. e., the 
‘* eyewitnesses and ministers of the word,”’ infers that 
Luke was a companion not of Paul only but also of 
the other apostles, and, probably referring to Acts xiii. 
1, says that he was ‘‘one of those from Antioch.’’? 
These inferences of Eusebius are further elaborated 
by Jerome, who adds, without quoting any authority, 
that he wrote the Gospel in Achaia or Boeotia (many 
MSS. have Bithynia), and the Acts at Rome.? 

Those who accept this tradition of his having been 
the author of the Acts of the Apostles usually infer 
from the sections of that work in which the pronoun 
““we’’ is employed that he accompanied Paul on part 
of his second and third missionary journeys, and also 
on his voyage to Rome. The first of these sections 
begins with the apostle’s determination to go to Mace- 
donia, and ends when he has left Philippi (Acts 
xvi. 10-40); the second begins when the apostle 
returns to Philippi, and ends with his arrival at 
Jerusalem (Acts xx. 6-xxi. 18); the third begins 
with his sailing from Ceesarea, and ends with his 
arrival at Rome (Acts xxvii. I-xxvili. 16). Even 
some of those who assign the greater part of the book 
to a much later date think that these sections may be 
extracts from an original diary of a companion of 
Paul, and that this companion may have been Luke. 
Others, however, think it improbable that Luke, with- 
out being specially mentioned either in them or else- 
where, should have accompanied Paul on his voyage 
to Rome, and assign these sections to Timothy, or 
Titus, or Silas (some have added the very improb- 
able conjecture that Luke and Silas are the same per- 
son. ) 


The other biographical details which are found in patris- 
tic literature, and which are not inferences from the New 
Testament, rest upon no certain evidence, and are fre- 
quently at variance not only with one another, but also 
with earlier documents. It is sometimes stated that he 
was one of the seventy disciples; this statement is found 
in Epiphanius (Heres., li. 11), in pseudo-Origen (De recta in 
Deum fide, ed. De la Rue, vol. i. p. 806), in Gregory the 
Great (Moral. i. 1), and elsewhere ; but it is inconsistent, 
not only with Tertullian and the Muratorian fragment, 
but also with the clear inference from the preface to the 
Gospel that its author was not himself an eyewitness of 
what he narrates. It is also stated that he was one of the 
two disciples who went to Emmaus (S. Greg. Magn., Moral. 
i. 1; Paul. Diacon., Homil. 59 in Natali S. Luce ; and others) ; 
but this statement is discredited by the same facts as the 
preceding. Like all the other disciples whose names are 
mentioned in the New Testament, he is said to have gone 
forth as a preacher of the gospel; but statements vary 
widely as to the place in which he preached: Gregory of 
Nazianzus says Achaia; Epiphanius says Dalmatia, Gaul, 
Italy, and Macedonia; Gicumenius says Africa; later leg- 
ends mention his having been at Enns in Austria (Hansiz, 
Germ. Sacra,.vol. i. p. 15). And also, like most of the other 
early disciples, he is said not only to have preached the 
gospel but also to have suffered death for its sake. Gau- 
dentius of Brescia says that this occurred at Patra in 
Achaia, and Nicephorus specifies as the manner of his mar- 
tyrdom that he was hung on an olive-tree. But elsewhere 
it is stated or implied that he died an ordinary death, 
either at Thebes in Beeotia (Martyrol. Basil.), or in Bithy- 
nia (Paulus Diaconus, Isidore of Seville, and the Mar- 
tyrologies of Ado and Usuardi). Most traditions agree in 
stating that his body was transferred by Constantius to Con- 
stantinople ( ‘Chron. Hieron.,” ap. Mai, Nov. Script. Coll. ; 
Prosper Aquitanus, Paulus Diaconus, Nicephorus, and oth- 
ers), but its place of burial seems to have been forgotten, 
and Procopius (De «dif. Justin., i. 4) mentions that it was 
discovered in Justinian’s time in digging the foundations 
of anew church; a subsequent tradition stated that it was 
afterwards removed to Italy, and in the 15th century Pius 


1 Some have thought that, like the persons who are mentioned 
by Origen, Comm. in Rom., chap. x. (vol, iv. p. 686, ed. De la Rue), 
Eusebius here confuses the two names Lucas and Lucius, 

2 De Viris Illustr., chap. vii.; Comm. in Matth., pref., vol. vii. p. 3. 
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II. commissioned Cardinal Bessarion to decide upon a vio- 
lent controversy between the Minorite monastery of S. Job 
at Venice and the Benedictine monastery of S. Giustina at 
Padua, each of which claimed to possess the perfect relics 
of the evangelist. 

A late tradition represents Luke to have been a painter 
as well as a physician; the tradition first appears in a 
doubtful fragment of an author of doubtful date, Theo- 
dorus Lector (printed in H. Valois’s edition of Theodoret, 
p. 618), who mentions that the empress Eudocia sent to 
Pulcheria, from Jerusalem to Constantinople, a picture of 
the Virgin painted by Luke. The same story is mentioned 
in an almost certainly spurious oration of John of Damascus 
(Orat. in Constant. Copron., ¢. 6., vol. i: p. 618,-ed. Le Quien) ; 
and the first certain authorities for the tradition are 
Symeon Metaphrastes and the Menologium of Basil the 
younger, both of which belong to the 10th century. That 
the tradition is not of much earlier growth is proved by 
the fact that, if it had existed, it could not fail to have 
been largely used in the iconoclastic controversy. 

The martyrologies and calendars for the most part agree 
in fixing Luke’s festival on October 18; but a doubt is ex- 
pressed whether that day should be regarded as the anni- 
versary of his birth or of the translation of his remains to 
Constantinople. 

In Christian art he is usually symbolized by an ox (with 
reference to Ezekiel i. 10, Revelation iy. 7), on the signifi- 
cance of which symbol various statements were made by 
both Eastern and Western writers (some of them will be 
found quoted by Ciampini, Vet. Monwm., vol. i. 192). 


(B, HA.) 

LUKE, Gosret or. See GosPess, 

LUKOW, a town of Russian Poland, in the province 
of Siedlce, 60 miles by rail to the west of Brest- 
Litovsky. Owing to its situation on the railway and 
in the centre of a rich district, it is rapidly developing. 
The population is 11,050. 

LUI OYANOFTE, a district town in Russia, in the 
government of Nijni-Novgorod, 108 miles south-south- 
east of the chief town of the government, on the high- 
way to Saratoff, at the sources of the esha river, 
tributary of the Oka. It is situated in a district where 
agriculture is carried on to a large extent, corn being 
sold to distilleries, and hemp exported, while the ex- 
tensive forests furnish materials for the production of 
wooden wares. Wooden spoons, buckets, sledges, 
carts, implements for linen weaving, are made in large 
quantities by the peasants of the neighboring villages, 
and exported to the steppe provinces of southern - 
Russia; and there is also considerable trade in timber, 
felts, fishing nets, nails, ete. Population 9600. 

LULLY, Giovannt Barrisra (1633-1687), was 
born in Florence, and joined in 1650, as a violinist, the 
orchestra of the French court. Though friendless and 
in a foreign country, his genius soon opened for him a 
road to honors and wealth. He was appointed director 
of musie to King Louis XIV., and director of the 
Paris opera. The influence of his music was so great 
as to produce a radical revolution in the style of the 
dances of the court itself. Instead of the slow and 
stately movements, which had prevailed until then, he 
introduced lively and rhythmically quick ballets. Havy- 
ing found a congenial poet in Quinault, Lully com- 
posed twenty operas, which met with a most enthusi- 
astiec reception from a delighted public. He effected 
important improvements in the composition of the or- 
chestra, into which he introduced several new instru- 
ments. Lully enjoyed the friendship of Moliére, for 
some of whose best plays he comeaae illustrative mu- 
sic. His Miserere, written for the funeral of the min- 
ister Sequier, is a splendid work of genius; and very 
remarkable are also his minor sacred compositions. On 
his deathbed he wrote Bisogna morire, peccatore. ~ 
Lully’s right to be numbered among the most original 
and the best musicians is undoubted. His music is 
full of the most charming and enthralling forms of 
Italian melody; and the fact of its being even now per- 
formed, after the lapse of so many years, is proof suf- 
ficient of its inherent beauty and intrinsic worth. 

LULLY, Raymonp (1235-1315), the inventor of a 
fantastic system of logic by which Mohammedans 
should be converted to Christianity, was born at Palma, 


LULLY. 


in the island of Majorca, in 1235. His father had been 
born at Barcelona, and belonged to a distinguished 
Catalonian family; but for his services in helping to 
recover the Balearic islands from the Saracens he was 
rewarded with a gift of land in the conquered territory, 
and the paternal estates descended to his enthusiasti- 
eally-minded son. The younger Lully, however, showed 
at first but little of the speculative tendencies which he 
afterwards developed, and his early years were spent 
in the gaiety and even profligacy of a courtier in the 
service of James IL., of Aragon, who appointed him 
grand seneschal of the isle. He married. but notwith- 

standing sought the reputation of a gallant, and was 
mixed up in more than one intrigue. Something, 
however, of the nature of a cancer, which attacked one 
of the objects of his passion, Signora Ambrosia,—such 
is the way in which we are asked to account for his 
‘“conversion,’’—affected him so deeply that he aban- 
doned in his thirty-second year his licentious life, and, 
having distributed the greater portion of his goods to 
his family and the poor, he withdrew to the retire- 
ment of a cellon Mount Randa, the only part of his 
property which he had reserved for himself. Visions 
of a crucified Saviour and like phenomena confirmed 
him in his devotion to the cause of Christ, and in the 
course of a nine years’ retreat on Randa he came to re- 
gard himself as commissioned by God to refute the 
errors of Mohammed. 

This missionary call became henceforth the actuating 

rinciple in Lully’s life. ‘lo realize it, he went to 

aris in his fortieth year, to prosecute the study of 
Latin and logic; and, with a view to becoming familiar 
with the language of the infidels, he engaged the 
services of an unlettered Arabian, who, finding that 
Jully was seeking to demolish the faith of Islam, at- 
tempted to assassinate his master. his need of acquir- 
ing a knowledge of the language of the church’s 
adversary became itself now one of Lully’s favorite 
ideas. In 1286 he began a series of visits, which he 
made to Rome to induce the supreme pontiff to found 
colleges for the study of Arabic; but the small success 
which would attend his efforts in this direction was 
foreshadowed by the death of Honorius (then pope) 
before he could attain an audience of him. Mean- 
while Lully had become discontented with the methods 
of science commonly in use, and had set himself to con- 
struct his “‘ great art,’’ a method which, by mechani- 
cally presenting all the predicates which could attach 
to any subject, was adapted to answer any question on 
any topic, and would (its author imagined) by the 
cogency of its inferences necessarily convert the heathen. 
His natural enthusiasm respecting the consequences of 
this art were strengthened by revelations (as he judged 
them) of the co-operation of God in his designs, and 
he gave himself up, with the fervor of a divinely ap- 
pointed missionary, to the work of spreading a knowl- 
edge of his ‘‘great art,’’ in every country. He 
expounded it at Paris and Montpellier in 1286, and 
after a visit to Pope Nicholas, to solicit his help in 
founding linguistic colleges, and a serious illness at 
Genoa, brought on apparently by an isolated fit of 
nervous cowardice in face of the dangers he was going 
to encounter, he sailed to Tunis, to apply his new 
method to the errors of Mohammedanism. At Tunis 
his attacks upon the religion of the country led to his 
being cast into prison, and it was only by the media- 
tion of a sheikh, who had been impressed by the earn- 
estness of the Christian preacher, that he managed to 
‘escape to sea, not without the roughest treatment at 
the hands of the mob, and find his way to Naples. 

A new influence was brought to bear on Lully’s life at 
Naples. He made the acquaintance of the alchemist 
Arnaud de Villeneuve, and acquired, we may believe, 
not only that skill in transmuting metals for which 
Lully himself became in popular tradition famous, but 
imbibed also something of that spirit which brought 
down the censure of the church on Villeneuve for 
maintaining that medicine and charity were more 
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pleasing tu God than religious services. For the next 
few years the scene of Lully’s labors was continually 
changing. He made an unsuccessful attempt to inter- 
est Pope Boniface in the missionary colleges which he 
wished to see established, and similar appeals to the 
kings of France and Cyprus met with no more favor- 
able a response. From Cyprus Lully proceeded (1306) 
to Bougiah in Africa, and repeated the experiences he 
had already had at Tunis. But, though Mohamme- 
danism showed little disposition to welcome the “‘ great 
art’’ and its author, the European world had mean- 
while begun to show itself more favorably disposed 
towards Lully’s projects. In 1297 he had received at 
Montpellier, from the general of the Franciscans, let- 
ters recommending him to the superiors of all Fran- 
ciscan houses; and in 1309 his ‘tart ’’ was publicly 
approved by a decree of the university of Paris. 
Emboldened perhaps by such recognition, he appeared 
before the council of Vienne in southern France in 
1311, and petitioned the assembled fathers to reduce 
the different and often-contending religious orders to 
one great order serving simply under Christ, and to 
meet Mohammedanism abroad and Averroism at 
home by founding colleges for the study of Arabie. 
Nothing would seem to have come directly of these 
petitions, but we may perhaps trace their result in 
some chairs of Syriac and Arabie which Clement V. 
instituted at Rome, and in a college for training Fran- 
ciscans in Oriental languages which James of Aragon 
established in Majorca. Lully was now nearly eighty 
years of age,,but his zeal in combating the foes of 
Christianity did not abate. He sailed again for Africa, 
and received the martyr’s crown, which would seem to 
have become the ambition of his life. At Bougiah he 
again proclaimed the doctrines of the Church, and his 
preaching raised such a tumultuous attack that, al- 
though he managed to get on board a Genovese vessel, 
he succumbed during the voyage to the injuries he had 
received, and died in sight of his native town of 
Palma (1315). 


During his lifetime Lully composed a vast number of 
treatises, some of which have never yet been printed. 
They were written partly in Latin, partly in Catalonian, 
Lully deserving mention as one of the first in medieval 
times who tried to find a national expression for philosophy 
in the language of the country. Some of these works may 
be deseribed as dealing with apologetic theology, e.g., the 
Liber de Gentili et Tribus Sapientibus, in which a Jew, Chris- 
tian, and Saracen explain the nature of their faith, or the 
Disputatio Fidelis et Infidelis; others again relate to dog- 
matic divinity, eg., Liber de XIV. Articulis, De Deo et Jesu 
Christo ; a third class refer to particular questions of logic, 
e.g., De Prima et Secunda Intentione, Ars Inveniendi Particu- 
laria in Universalibus, De Venatione Medii; and a large num- 
ber are reputed to deal with questions of alchemy. But 
the ‘Great Art” of discovery itself is the subject of 
most of Lully’s treatises. So it is with the Ars Demonstra- 
tiva, Compendium Artis Demonstrative, Ars Universalis, Ars 
Inventiva Veritatis, De Auditu Cabbalistico, Ars Magna et Ul- 
tima. And even when Lully is engaged with such treatises 
as the Principia Medicine or Principia Juris it is to the uni- 
versal key of knowledge which the great art supplies that 
he invariably falls back. 

The reasonableness and demonstrability of Christianity 
is the assumption underlying the exercise of this great 
method. Nothing, Lully holds, interferes more with the 
spread of Christianity than the attempt of its advocates 
to present its doctrines as undemonstrated and undemon- 
strable truths; the very difference between Christianity 
and Antichrist lies in the fact that the former can prove 
the truth of its beliefs; and the glory of the faith, repeats 
the Liber Magnus Contemplationis, is not that it maintains 
the indemonstrable but simply the supersensuous. The 
demonstration, however, which is wanted in the service 
of Christianity is not, Lully thinks, that of the ordinary 
logic; we require a method which will reason not only 
from effect to cause, or from cause to effect, but per aequi- 
parantiam, and show that contrary attributes can coexist 
together in one subject. This method, however, must be 
real, not merely formal and subjective; it must deal not 
only with the second intentions, but rather with the first 
intentions, that is, the things themselves. The great art 
in fact goes beyond logic and metaphysic; as,a universal 
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topic it provides a universal art of discovery, and contains | article by Delecluze in the Revue d. d. Mondes for 1810, and the 


the formule to which eyery demonstration in every sci- | 
ence can be reduced. This ws investigandi, however, turns | 
out to be not so much a key to all possible knowledge as a 
tabulation of the different points of view from which pro- 
positions may be framed about various objects—a mechani- 
cal contrivance for finding out the different ways in which 
categories apply to things. Just, Lully thought, as by 
knowing the typical terminations of cases and tenses we 
could inflect and conjugate any word whatever, so by a 
knowledge of the different types of existence and their 
possible combinations as portrayed by his method we 
should possess implicitly a knowledge of the whole of 
nature. 

The great art accordingly begins by laying down an 
alphabet according to which the nine letters from B to K 
stand for the different kinds of substances and attributes. 
Thus, in the series of substances, B stands for God, C 
angel, D heaven, E man, and so on; in the series of abso- 
lute attributes, B represents goodness, C greatness, D dura- 
tion; or again, in the nine questions, B stands for Utrum, 
C for Quid, D for De quo. The manipulating of these 
letters in such a way as will show the relationship between 
different subjects and predicates constitutes accordingly 
the peculiarity of the “new art,” this manipulation being 
effected by the help of certain so-called “figures.” The 
construction of these figures varies somewhat in different 
parts of Lully’s writings, but their general character is 
always the same. Circles and other mathematical figures 
divided into sections and marked by Lully’s symbolical 
letters are so arranged, sometimes with the help of differ- 
ent colors, as to show the possible combinations of which 
the letters are capable. Thus, for example, one figure 
exhibits the possible combination of the attributes of God, 
another the possible conditions of the soul, and so on. 
These figures are fenced about by various glefinitions and 
rules, and their use is further specified by various “ evacu- 
ations” and “multiplications” which show us how to 
exhaust and draw out all the possible combinations and 
sets of questions which the terns under consideration can 
admit. When so “multiplied,” the fourth figure is, Lully 
himself says, that by which other sciences can be. most 
easily and rapidly acquired; and it may accordingly be 
taken as no unfair specimen of Lully’s method. This 
fourth figure then is simply an arrangement of three con- 
eentric circles (made of tin or pasteboard) each divided 
inte nine sections B, C, D, etc., and so constructed that 
while the upper and smaller circle remains fixed, the two 
lower and outer revolve round it. Taking then the letters 
in the sense of the series which seem most fitted for the 
subject under discussion, we are enabled by making the 
outer cireles revolve to find out the possible relationships 
between different conceptions and elucidate the agreement 
or disagreement which subsists between them, while, at 
the same time, we discover the intermediate terms (in the 
middle circle) by whieh they are to be connected or dis- 
connected, 

The weakness of Lully’s art is the weakness of every 
system which pretends, as Bacon’s also did, to equalize all 
intellects, and provide a method which will produce dis- 
covery as surely as compasses will construct a circle. But 
it would be unfair to say that Lully supposed that think- 
ing and reasoning could be reduced to a mere rotation of | 
pasteboard circles. The real value of this art lies not in 
being an a priori compendium of knowledge but a method 
of investigation—a tabulation of the different sides from 
which a question must be regarded, and in embodying the 
ideal which science put before herself of finally bringing 
all conceptions into unity and correlation. It is easy, with 
the Port-Royal logic, to speak of Lully’s art as merely 
enabling us “to talk without judgment of that which we 
do not know;” but in his conception of scientific method 
as tending to the glory of God and the good of man, in his 
departure from the school logic and his wish for a real 
interpretation of nature, in his conception of a universal 
method and his application of the vernacular languages to 
philosophy, he appears as a precursor of Bacon himself. 
And in his assertion of the place of reason in religion, in 
his demand thata rational Christianity should be presented 
to heathendom, in his missionary zeal and his project of 
linguistic colleges, Lully, with all his quixotic charaeter, 
goes far beyond the ideas and the aspirations of the cen- 
tury in which he lived. 


A few of Lully’s works were published by Zetzner in 1598 and 
frequently reprinted ; but the first systematic edition was begun 
by Salzinger in 1721, and after Salzinger’s death completed in 
1742. This edition is nominally in 10 vols., but vols. vii. and viii. 
were never published. In addition to older works, such as Per- 


roquet (1667) and Nic. de Hauteville (1666) and the Acta Sanctorum 
(vol. xxiv.), the best account of Lully’s life is to be found in an 


fullest account of his method in Prantl, Geschichte d. Logik, iii. 
145-177, and Erdmann, Grundriss_d. Gesch. d. Philosophie, i. 2 206. 
The philological importance of Lully’s writings is brought out 
by A. Helfferich, Raymond Lull und die Anfinge d. Catalonischen 
Literatur, Berlin, 1858. (E. W. 


LUMBAGO, a term in medicine applied to a pain- 
ful ailment affecting the muscles of the lower part of 
the back, generally regarded as of rheumatic origin, 
An attack of lumbago may occur alone, or be asso- 
ciated with rheumatism in other parts of the body at 
the time. It usually comes on by a seizure, often 
sudden, of pain in one or both sides of the small of 
the back, of a severe cutting or stabbing character, 
greatly aggravated on movement of the body, espe- 
cially in attempting to rise from the recumbent posture, 
and also in the acts of drawing a deep breath, cough- 
ing, or sneezing. So intense is the suffering that it is 
apt to suggest the existence of inflammation in some 
of the neighboring internal organs, such as the kid- 
neys, bowels, etc., but the absence of the symptoms 
specially characteristic of these latter complaints, or 
of any great constitutional disturbance beyond the 
pain, renders the diagnosis a matter of no great diffi- 
culty. umbago seems to be brought on by exposure 
to cold and damp, and by the other exciting causes of 
rheumatism. Sometimes it follows a strain of the 
muscles of the loins. The attack is in general of short 
duration, but occasionally it continues for a long time, 
not in such an acute form as at first, but rather as a 
feeling of soreness and stiffness on movement. The 
treatment includes that for rheumatic affections in 
general (see RumuMATISM) and the application of local 
remedies to allay the severe pain. f these the best 
are hot fomentations with turpentine or laudanum 
applied by means of flannel or spongio-piline to the 
part; or the rubbing in, if this can be borne, of’ stim- 
ulating liniments, such as those of opium, belladonna, 
chloroform, aconite, ete. The old and homely plan of 
counter-irritation by applying a heated iron to the part 
with a sheet of brown paper interposed is often bene- 
ficial in chronic cases, as is also, on similar principles, 
Corrigan’s button cautery. The subcutaneous injection 
of morphia or atropia is called for when the attack is 
very severe and prevents sleep. 

LUMP-SUCKER, or Lump-Fisi ( Cyclopterus lim- 
pus), a marine fish, which with another genus (Za- 
paris) forms a small family (Discobol/) closely allied to 
the Gobies (see Gosy). Like many fishes of the latter 
family, the lump-suckers have the ventral fins united 
into a circular concave disk, which, acting as a sucker, 
enables them to attach themselves firmly to rocks or 
stones. The body of the lump-sucker (properly so 
called) is short and thick, with a thick and scaleless 
skin, covered with rough tubercles, the larger of which 
are arranged in four series along each side of the body.. 
The first dorsal fin is almost entirely concealed by the 
skin, appearing merely asa lump on the back. The 
lump-sucker inhabits the coasts of both sides of the 
North Atlantic; it is not rare on the British coasts, 
but becomes more common farther north. It is so 
sluggish in its habits that indiyiduals have been caught 
with seaweed growing on their backs. In the spring 
the fish approaches the shores to spawn, clearing out 
a hollow on a stony bottom in which it deposits an im- 
mense quantity of pink-colored ova. Fishermen assert 
that the male watches the spawn until the young are 
hatched, a statement which receives confirmation from 
the fact that the allied gobies, or at least some of 
them, take similar care of their progeny. The ver- 
nacular name, ‘‘ cock and hen panda given to the 
lump-fish on some parts of the coast, is probably ex- 
pressive of the difference between the two sexes in 
their outward appearance, the male being only half or 
one-third the size of the female, and assuming during 
the spawning season a bright blue coloration, with re 
on the lower parts. This fish is generally not esteemed 
as food, but Faber (Misch. Islands, p. 53) states that 
the Icelanders consider the flesh of the male as a deli- 
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eacy.'. Very peculiar is the structure of the bones, 
which are so soft, and contain so little inorganic matter, 
that the old ichthyologists placed the lump-sucker 
among the cartilaginous fishes. 

ND, a town of Sweden, in the lin of Malméhus, 
lies at a distance of 10 miles by rail northeast from 
Malmo. It is chiefly remarkable for its university, 
the second in Sweden, founded by Charles XL. in 
.1666, with faculties of philosophy, law, medicine, and 
theology; the number of students ranges from 500 to 
600. The library contains about 100,000 volumes and 


2000 MSS., and there are valuable collections in arche- | 


-ology and natural history. Among the more distin- 
guished of its professors may be mentioned the names 
of Puffendorf and the poet Tegner. Linnaeus was 
one of its alumni. The cathedral, a Byzantine struc- 
ture, dedicated to St. Lawrence, and said to be on the 
whole the finest church in Scandinavia, was founded 
about the middle of the 11th century, and consecrated 
in 1145. The crypt under the transept and choir is 
one of the largest in the world. The town has little 
else of interest to show. The statue of ‘Tegner stands 
in the Tegner’s Plats, and the house in which he lived 
from 1813 to 1826 is indicated by a stone slab with an 
inscription. The manufactures of Lund (woollen cloth, 
leather, tobacco, sugar, etc.) are unimportant. The 
population in December, 1878, was 13,611. 

Lund (Londinum Gothorum), the “Lunda at Eyrarsundi” 
of the Lgil’s Saga, was in Egil’s time (about 920 A.D.) a 
place of considerable importance; one gathers that, if not 
actually a seaport, it was at least nearer the Sound then 
than at present. In the middle of the 11th century it was 
made a bishopric, and in 1103 it was advanced to the dig- 
nity of an archiepiscopal see, the archbishop receiving 
primatial rank over all Scandinavia in 1163. The arch- 
bishop of Upsala is now primate of Sweden, Lund since 
1536 having been reduced to the rank of an ordinary bish- 
opric, and lost its quondam title of “ Metropolis Daniz.” 


LUNEBURG, the chief town of a district in the 
Prussian province of Hanover, is situated near the 
“foot of a small hill named the Kalkberg, and on the 
river Ilmenau, 14 miles above its confluence with the 
Elbe, and 30 miles to the southeast of Hambure. 
Numerous handsome medizeval buildings testify to its 
former prosperity, and part of the old town-wall also 
still survives. Of its four churches three—those of 
St. John, St. Nicholas, and St. Michael—are large 
and fihe Gothic edifices of the 14th and 15th centuries. 
The principal secular buildings are the town-house, a 
huge pile dating from the 13th to the 18th century, 
the old palace, and the convent of St. Michael, now 
spatotied into aschool. Liineburg owes its importance 
chiefly to the gypsum and lime quarries of the Kalk- 
berg, which afford the materials for its cement works, 
and to the productive salt-spring at its base. Hence 
the ancient saving, which, grouping with these the 
commercial facilities afforded by the bridge over the 
Ilmenau, ascribes the prosperity of Liineburg to its 
mons, fons, pons. The industries of the town also in- 
clude the making of ironware, soda, and haircloth. 
Population in 1880, 19,045. 

Liineburg existed as early as the days of Charlemagne, 
but did not become of any importance till after the erection 
of a convent and a castle on the Kalkberg in the 10th cen- 
tury. The decisive event, however, in fixing its future 
development was the destruction, in 1189, of Bardewieck, 
situated on the Ilmenau below Lineburg, and then the 
chief commercial town in North Germany. Lineburg 
inherited its trade, and subsequently appears as ove of the 
leading towns inthe Hanseatic League. From 1267 to 1369 

_it was the capital of an independent principality of its own 
name, and it was afterwards frequently involved in the 
quarrels of the Guelphie princes. It reached the height of 
its prosperity in the 15th century, and even in the 17th 
was the depét forall the merchandise exported from Saxony 
and Bohemia to the mouth of the Elbe. The German war 
of liberation in 1813 was begun by an engagement with 
the French under General Morand near Liineburg. Litine- 
burg gives its name to the Liineburger Haide or Liineburg 


1 The “cock-padle” was formerly esteemed also in Scotland, 
and figures in the Antiquary, chap. xi. 


/composed of eminent men of the district. 
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Heath, an immense tract of moorland occupying the greater 
part of eastern Hanover. 

Compare Volger, J*ihrer durch die Stadt Liineburg and Urkunden- 
bel ag Stadt Lineburg; also the Alterthiimer der Stadt Liineburg, 

- 

LUNEVILLE, the chief place of an arrondissement 
in the department of Meurthe and Moselle, France, 
240 miles east of Paris by rail on the line to Strasburg, 
stands in the midst of meadows between the Meurthe 
and the Vezouze a little above their confluence. It is 
a handsome town regularly built. ‘The chateau, de- 
signed early in the 18th century by the royal architect 
Boffrand, was the favorite residence of Duke Leopold 
of Lorraine, where he gathered round him the academy 
It is now a 
cavalry barrack. Lunéville has always been an im- 
portant cavalry station, and has a riding school where 
two hundred horsemen ean exercise at the same time. 
The church of St. Jacques, with its two towers, dates 
from the same period as the chateau. The church of 
St. Maur, in the Byzantine style, is but thirty years old. 
The district round Lunéville is mainly agricultural, 
and the town has a fine corn exchange. The manu- 
factures include pottery, embroideries, gloves, cotton 
cloth, and cooking stoves. There are starch works and 
gypsum kilns, and a considerable trade in grain, flour, 
hops, and other agricultural produce. ‘The population 
in 1876 was 16,041. 


The name of Lunéville is derived from an ancient cult 
of Diana, A sacred fountain and medals with the efligy of 
this goddess have been found at Leormont, some 2 miles east 
of the town. Lunéville formed part of Austrasia, and after 
various changes fell to the crown of Lorraine. A walled 
town in the Middle Ages, it sufferedin the Thirty Years’ 
War and in the campaigns of Louis XIV. from war and its 
consequences—plague and famine. The town flourished 
again under Dukes Leopold and Stanislas, on the death of 


ithe latter of whom, which took place at Lunéville, Lor- 


raine was united to France (1766). The treaty of Luné- 
ville between France and Austria (1801) confirmed the 
former power in the possession of the left bank of the 
Rhine. The town was the birthplace of the emperor 
Francis, husband of Maria Theresa, and of the painter Jean 
Girardet. 


LUPERCALIA, one of the most remarkable and 
interesting Roman festivals. Its origin is attributed 
to Evander, or to Romulus before he founded the city, 
and its ceremonial is in many respects unique in 
Roman ritual. In front of the Porta Romana, on the 
western side of the Palatine hill, close to the /Yeus 
Ruminalis and the Casa Ronul’, was the cave of Lu- 
pereus; in it, according to the legend, the she-wolf 
had suckled the twins, and the bronze wolf which is 
still preserved in the Capitol was placed in it 296 B.c. 
But the festival itself, which was held on February 
15th under the direction of the flamen cialis, contains 
no reference to the Romulus legend, which is probably 
later in origin (see Mommsen in //ermes, 1881). The 
celebrants, who were called Luperci, offered in sacri- 
fice goats anda dog; the flamen dialis himself was 


forbidden to touch either kind of animal, and it can 
‘hardly be doubted that the Lupercal sacrifice is older 


than the prohibition. After the sacrifice two of the 
Luperci were led to the altar, their foreheads were 
touched with a bloody sword, and the blood wiped off 
with wool dipped in milk; then the ritual required 
that the two young men should laugh. The sacrificial 
feast followed, after which the Luperci cut thongs from 
the skins of the victims and ran in two bands round 
the walls of the old Palatine city, striking the people 
who crowded near. A blow from the thong prevented 
sterility in women. ‘These thongs were called 
Februa, the festival Februatio, and the day Dies Feb- 
ruetus; hence arose the name of the month Febru- 
ary, the last of the old Roman year. The nearest 
analogy in the Roman religion to the Luperecalia is the 
occasional Amburbium, in which the victims were led 
round the walls of Rome and then sacrificed. The 


_Lupercalia was associated with the curcuit of the Pala- 
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tine city, which had been a city long before the seven- 
hilled Rome, and the line of the old Palatine walls was 
marked with stones for the Luperci to run round. 
Unger has proved that the festival was originally a 
rite peculiar to the tribe of the Ramnes, the old 
dwellers on the Palatine, and that it was in the 3d cen- 
tury B.C. widened to a festival of the whole city. It 
is probable that then the whole ceremonial was modi- 
fied ; the Luperci, who were originally chosen from 
the Ramnes alone, were chosen from the whole body 
of the Equites, the people assembled round the hill, 
and the ceremony of scourging to avert sterility was 
added. Originally therefore the Luperci simply en- 
compassed the walls as the victims did at the Ambur- 
bium, and the ceremonial connected with the two 
young men has generally been taken as a proof that 
they were at one time actually sacrificed after being led 
round the walls, and that a vicarious sacrifice was after- 
wards substituted for the ancient human offering, The 
Lupercalia was therefore a ceremony of purification 
performed for the walls and for the whole of the old 
Palatine city, from which it follows that it was dedi- 
cated to the peculiar god of that city. In early time 
the name of the god was kept strictly secret, as it was 
unsafe that an enemy should know it and be able to 
invoke him. Hence arise many conflicting statements 
asto the name. In later times, when the bonds of 
early religion were relaxed, the name became known. 
The god was, as hivy relates, Inuus, an old Italian 
deity known chiefly in southern Etruria, where there 
existed two towns named Castrum Inui. He was a 
form of the supreme heaven-god, very like Mars in 
character, and the rites with which his anger was 
averted may be compared with those of Zeus on Mount 
Pelion or with the Maimacteria in Athens. The Lu- 
perci were divided into two collegia called Quintiliani 
or Quinetiales (the form is doubtful, see Mommsen, 
Rom. Forsch., 1. 17) and Fabiani; at the head of each 
was a magister. In 44 B.c. a third collegium, Juliant, 
was instituted in honor of Julius Caesar, the first mag- 
ister of which was M. Antony. 

This account follows in almost every particular that of 
Unger (Rhein. Mus., 1881). He derives Lupercus from lua 
and parco in the old sense of restrain, and Inuus from a 
root seen in avis inubra or imebra, dvaivouat, ete., meaning to 
avert or prohibit, and sees in the festival a national cere- 
mony of the Palatine city, not with Marquardt (dm. 
Staatsverw., iii. 421) a widened gentile cultus of the Fabii 
and Quinctii or Quintilii. 


LUPINE, Zupinus, L., a genus, of over eighty 
species, of the tribe Genzstece of the order Leguminose. 
Species with digitate leaves range along the west side 
of America from British Columbia to Bolivia, while a 
few occur in the Mediterranean regions. A few others 
with entire leaves are found in South Carolina, the 
Cape, and Cochin-China (DC., Prod., ai. p. 406; 
Benth. and Hook., Gen. Pl., i. 480). 
remarkable for ‘‘sleeping’’ in three different ways. 
From being in the form of a horizontal star by day, 
the leaflets either fall and form a hollow cone with their 
bases upwards (2. pilosus), or rise and the cone is in- 
verted (Li. luteus), or else the shorter leaflets fall and 
the longer rise, and so together form a vertical star 
(many sp.); the object in every case being to protect 
the surfaces of the leaflets from radiation (Darwin, 
Movements of Pl., p. 340). The flowers are of the 
usual ‘‘papilionaceous’’ or pea-like form, blue, white, 
purple, or yellow, in long terminal spikes. The 
stamens are monadelphous and bear dimorphic anthers. 
The species of which earliest mention is made is proba- 
bly ZL. Termis, Forsk., of Hgypt. 
épéBvboc of Homer (L/., xiii. 589). It is no longer 
found in Greece, but is extensively cultivated in Heypt. 
Its seeds are eaten by the poor after being steeped in 
water to remove their bitterness; the stems furnish 
fuel and the best charcoal for gunpowder (Pick. Chron. 
Hist. of Pl., 183). Two other species appear to have 
been cultivated by the ancients, L. sativus (albus, L.) 


The leaves are | 


This is possibly the | 


high, a mass of showy alabaster. 


act the effects of drink (Athen., 55, C.). 
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jallied to Z. Terms, and ZL. hirsutus, L., this latter 


only about Sparta (Pick., /. ¢, p. 202)'; Z. angust- 
tfolius, L., was a corn-field weed, the Gépyog aypuoc 
of Dioscorides. The 0épyoe #uepoc was used to counter- 
The seeds 
were used as money on the stage (Plaut., Poen., 3, 2, 
20; Hor., Hp., 1.7, 23). L. albus, L., was also cultiva- 
ted as a field lupine, the ZL. sativus of the Romans, 
referred to by Cato, R. R., 34, 2; Virgil, Georg., 1. 
75; Pliny, xviii. 36, ete. In 1597 Gerard (Herball, 

. 1042) writes :—‘‘ There be diners sortes of the flat 
boi called Lupine, some of the garden, and others 
wild’’; and he figures three species, J. sativus (now 
DL. albus, L.), L. luteus, L., and L. varius, i. Few 
species are in cultivation now, but the varieties are 
very numerous (see Paxton’s Bot. Dict., p. 345 ; Hems- 
ley’s Hand. of Hardy Trees, ete., p. 115). Of species 
now grown, L. albus, L., is still extensively cultivated 
in Italy, Sicily, and other Mediterranean countries for 
forage, for ploughing in to enrich the land, and for its 
round flat seeds, which form an article of food. ‘This, 
as well as the other two mentioned by Gerard, have 
been superseded as garden flowers by the American 
species, ¢.g., L. arboreus, Sims, and L. polyphyllus, 
se California; Z. versicolor and L. tomentosus, from 

eru, 

LURAY CAVERN, in Page county, Virginia, 
United States, 39° 35’ N. lat. and 78° 177 W. long., 
is | mile west of the village of Luray on the Shenan- 
doah Valley Railroad. The valley, here 10 miles wide, 
extends from the Blue Ridge to the Massanutton 
mountain, and displays remarkably fine scenery. These 
ridges lie in vast folds and wrinkles; and elevations in 
the valley are often found to be pierced by erosion. 
Cave Hill, 300 feet above the water-level, had long 
been an object of local interest on account of its pits 
and hollows, or sink-holes, through one of which, 
August 13, 1878, Mr. Andrew J. Campbell and others 
entered, thus discovering the extensive and beautiful 
cavern now described. 

Geologically considered, the Luray cavern does not 
date beyond the Tertiary period, though carved from 
the Silurian limestone. At some period long subse- 
quent to its original excavation, and after many large 
stalactites had grown, it was completely filled with 
glacial mud charged with acid, whereby the dripstone 
was eroded into singularly grotesque shapes. - After 
the mud had been mostly cena by flowing water, 
these eroded forms remained amid the new growths. 
To this contrast may be ascribed some of the most 
striking scenes in the cave. The many and extraordi- 
nary monuments of aqueous energy include massive 
columns wrenched from their place in the ceiling and 
prostrate on the floor; the hollow column 40 feet high 
and 30 feet in diameter, standing erect, but pierced by 
a tubular passage from top to bottom; the leaning col- 
umn, nearly as large, undermined and tilting like the 
campanile of Pisa; the organ, a cluster of stalactites 
dropped points downward and_ standing thus in the 
room known as the cathedral; besides a vast bed of 
disintegrated carbonates left by the whirling flood in 
its retreat through the great space called the Elfin 
Ramble. 

The stalactitic display exceeds that of any other 
cavern known, and there is hardly a square yard on 
the walls or ceilings that is not thus ornamented. The 
old material is yellow, brown, or red; and its wavy 
surface often shows layers like the gnarled grain of 
costly woods. The new stalactites growing from the 
old, and made of hard carbonates that had already 
once been used, are usually white as snow, though 
often pink, blue, or amber-colored. The size attained 
by single specimens is surprising. The Empress Col- 
umn is a stalagmite 35 feet high, rose-colored, and 
elaborately draped. The double column, named from 
Professors Henry and Baird, is made of two fluted pil- 
lars side by side, the one 25 and the other 60 eet 
Several  stalac- 
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tites in the Giant Hall exceed 50 feet in length. The 
smaller pendants are innumerable; in the canopy 
above the Imperial Spring it is estimated that 40,000 
are visible at once. 

The ‘‘cascades’’ pointed out are wonderful forma- 
tions like foaming cataracts caught in mid-air and 
transformed into milk-white or amber alabaster. The 
Chalcedony Cascade displays a variety of colors. 
Brand’s Cascade, which is the finest of all, being 40 
feet high and 30 feet wide, is unsullied and wax-like 
white, each ripple and braided rill seeming to have 
been polished. 

- The Swords of the Titans are monstrous blades, 
eight in number, 50 feet long, 3 to 8 wide, hollow, 
1 to 2 feet thick, but drawn down to an extremely 
thin edge, and filling the cavern with tones like 
tolling bells when struck heavily by the hand. 
Their origin and also that of certain so-called scarfs 
and blankets exhibited is from carbonates depos- 
ited by water trickling down a sloping and corrugated 
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Luray Cavern. Scale 290 feet to the inch. 
1, The Vestibule. ‘12. Titania’s Veil. 24. Lost Blanket. 
2. Washington's Pil- 18. Saracen’s Tent. 25. Helen's Scarf. 
lar. 14. The Organ. 


8. Flower Garden. 15. Tower of Babel. 27. Broaddus Lake. 

4, Amphitheatre. 16. Empress Column. 28. Castles on the 

5. Natural Bridge. 17. Hollow Column. Rhine. 

6. Fish Market. 18. Henry-Baird Col- 29. Imperial Spring. 

7. Crystal Spring. umn. 30, The Skeleton. 

8. Proserpine’s Pil- 19. Chalcedony Cas- 31. The Twin Lakes. 
lar. cade. 32. The Engine Room. 

9. The Spectral Col- 20, Coral Spring. 33. Miller’s Room. 
umn, 21. The Dragon. 34. Hawes Cabinet. 


10. Hovey’s Balcony. 22, 


Bootjack Alley. 35. 
11, Oberon’s Grot. 23. 


Sealy Column, 3. Proposed Exit. 
surface. Sixteen of these alabaster scarfs hang side 
by side in Hovey’s Balcony, three white and fine as 
erape shawls, thirteen striated like agate with every 
shade of brown, and all perfectly translucent. Down 
the edge of each a tiny rill glistens like silver, and this 
is the ever-plying shuttle that weaves the fairy fabric. 

Streams and true springs are absent, but there are hun- 
dreds of basins, varying from 1 to 50 feet in diameter, 
and from 6 inches to 15 feet in depth. The water in 
them is exquisitely pure, except as it is impregnated 
by the carbonate of lime, which often forms concretions, 
called, according to their size, pearls, eggs, and snow- 
balls. A large one is known as the cannon -ball. On 
fracture these spherical growths are found to be radi- 
ated in structure. 

Calcite crystals, drusy, feathery, or fern-like, line the 
sides and bottom of every water-filled cavity, and indeed 
constitute the substance of which they are made. Varia- 
tions of level at different periods are marked by rings, 


3. Chapman's Lake. 


Specimen Avenue, 
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ridges, and ruffled margins. These are strongly marked 
about Broaddus Lake, and the curved ramparts of the 
Castles on the Rhine. Here also are polished stalag- 
mites, a rich buff slashed with white, and others, like 
huge mushrooms, with a velvety coat of red, purple, 
or olive-tinted crystals. In some of the smaller basins 
it sometimes happens that when the excess of carbonic 
acid escapes rapidly there is formed, besides the crystal 
bed below, a film above, shot like a sheet of ice across 
the surface. One pool 12 feet wide is thus covered so 
as to show but a third of its surface. The quantity of 
water in the cavern varies greatly at different seasons. 
Hence some stalactites have their tips under water 
long enough to allow tassels of crystals to grow on 
them, which, in a drier season, are again coated over 
with stalactitic matter; and thus singular distortions 
are occasioned. Contiguous stalactites are often in- 
wrapped thus till they assume analmost globular form, 
through which, by making a section, the primary tubes 
appear. ‘T'wig-like projections, lateral out-growths 
to which the term helictite has been ap- 
plied, are met with in certain portions of the 
cave, and are interesting by their strange and un- 
couth contortions. Their presence is partly due 
to the existence of a diminutive fungus peculiar 
to the locality, and designated from its habitat 
Mucor stalactitis. The 'Toy-Shop is an amusing 
collection of these freaks of nature. 

The dimensions of the various chambers in- 
cluded in Luray Cavern cannot easily be stated, 
on account of the great irregularity of their out- 
lines. Their size may be seen from the diagram 
on p. 69. But it should be understood that there 
are several tiers of galleries, and the vertical 
depth from the highest to the lowest is 260 feet. 
The tract of 100 acres owned by the Luray Cave 
Company covers all possible modes of entrance ; 
and the explored area is much less than that. 

The waters of this cavern appear to be entirely 
destitute of life; and the existing fauna is quite 
meagre, comprising only a few bats, rats, mice, 
spiders, flies, and small centipedes. When the 
cave was first entered, the floor was covered with 
thousands of tracks of raccoons, wolves, and 
bears,—most of them probably made long ago, as 
impressions made in the tenacious clay that com- 
poses most of the cavern floor would remain un- 
changed for centuries. Layers of excrementitious 
matter appear, and also many small bones, along 
with a few large ones, all of existing species. 
The traces of human occupation as yet discovered 
are pieces of charcoal, flints, moccasin tracks, 
and a single skeleton imbedded in stalagmite in 
one of the chasms, estimated to have lain where 
found for not more than five hundred years, 
judging from the present rate of stalagmitic 
growth. 

The temperature is uniformly 54° Fahr., coin- 
ciding with that of the Mammoth Cave, Ken- 
tucky. The air is very pure, and the avenues are not 
uncomfortably damp. 

The portions open to the public are now lighted by 
electric lamps. ‘he registered number of visitors in 
1881 was 12,000. (H. G. H,) 

LURGAN, a market town in the county of Armagh 
and provinee of Ulster, Ireland, is situated a few miles 
south of Lough Neagh, and 20 miles southwest of 
Belfast by rail. It consists principally of one spacious 
and well-built street. The parish church of Shankill 
has a finely proportioned tower. The other principal 
public buildings are the town-hall, the mechanics’ in- 
stitute, the model school, and the linen-hall. Contigu- 
ous to the town is Brownlow House, a fine Elizabethan 
structure, the seat of Lord Lurgan. Of late years the 
linen trade of the town has much increased, and there 
are also tobacco factories and coach factories. From 
7774 in 1861 the population increased in 1871 to 10,- 
632, but in 1881 it was only 10,184. 
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Lurgan was built by William Brownlow, towhomagrant Of the mules, about a thousand are annually exported to 


of the town was made by James I. In 1619 it consisted of 


forty-two houses, all inhabited by English settlers. 


of James II. After its restoration.in 1690 a patent for a 
market and fair was obtained. 


LURISTAN, or LurisrAn, a province of western 


31° and 33° N. lat. and between 47° and 52° E. long., 


and bounded N, and E. by Irak-Adjemi, 8. by Farsis- | 
tan, W. by Khuzistan and the Turkish vilayet of | 


Baghdad. It thus stretches northwest and southeast 
some 260 miles, with a mean breadth of 70 miles and 
an area of rather less than 20,000 square miles. The 
surface is mostly mountainous, being occupied in the 
west by the Pusht-i-koh range, which forms the fron- 
tier line towards Turkey, in the east by the Bakhtiari 
(Zagros) range, which runs northwest and southeast, 
thus connecting the Kurdistan with the Kuh-Dinar or 
Farsistan highland systems. 
Pusht-i-koh and Bakhtiari chains there stretch some 
naturally fertile plains and low hilly districts, which, 
however, are little cultivated, although well-watered by 
the Karun, Dizful, and Kerkhah, the three chief rivers 
of the province. 
Buzurg, or ‘‘ Great Luristan,’’ comprising the Bakh- 
tiari highlands westwards to river Dizful, and Luri 
Kuchak, or ‘‘ Little Luristan,’’ stretching thence to 
Khuzistan and Turkey. The latter is again divided 
into the Pesh-koh and Pusht-i-koh districts (‘‘ before’’ 
and ‘‘behind’’ the mountains), and notwithstanding 
its name is by far the most populous and productive 
of the two. From the 12th to the 17th century it formed 
an independent principality under hereditary rulers 


with the title of ‘‘atabeg,’”’ the last of whom was de- | 


posed by Shah Abbas, and the government transferred 


to Husen Khan, chief of the Faili tribe, with the title | 


of ‘‘ vali.”’ His descendants are still at the head of 
the administration; but the power of the valis has 
been much reduced since the transfer of the Pesh-koh 
district to Kirmanshah, 


Léristan takes its name from the Luri,! a semi-nomad 
people of Iranian stock and speech, who still form the vast 
majority of the population. Great uncertainty has hither- 
to prevailed regarding the nomenclature, the main divisions 
and the true affinity of the Luri to the other branches of 
the Iranian family. Thus, from the name of the present 
ruling clan all the tribes of Luri Kuchak are commonly 
spoken of as “ Faili,” a term which is now rejected by the 
Pesh-koh tribes, and which, if used at all as a general 
ethnical expression, ought to be restricted to those of Pusht- 
i-koh, still under the rule of the vali. The classifications 
of Layard, Rawlinson, and A. H. Schindler differ materi- 
ally, while contradictory statements are made by well- 
informed writers regarding the physical and linguistic 
relations of the Luri to the neighboring Kurds and Per- 
sians. From a careful consideration of the available evi- 
dence it would appear that the Luri are the true abo- 
rigines of their present domain, where they occupy 
an intermediate position between the Kurds and Per- 
sians, but resembling the former much more than the 
latter in speech, temperament, social habits, and physi- 
cal appearance. Although they themselves reject the 
name of Kurd, the two languages are essentially one, so 
that the natives of Kirmanshah and Dizful have little dif- 
ficulty in conversing together. Like the Kurds, they are 
also of a restless and unruly disposition, averse from a 
settled life, still dwellers in tents, mostly owners of flocks 
and herds, holding agriculture in contempt, and of preda- 
tory habits. “In appearance the Bakhtiari look rather 
fierce, owing probably to the mode of life they lead ; the 
features of their faces are cast in a rough mould, but al- 
though coarse they are in general regular. Their black 
eyes look wild and expressive, and the two black tufts of 
hair behind their ears give them, if possible, a still darker 
appearance. They are muscular built, and are chiefly of a 
middle stature” (E. Balfour). Ina word, the Luri must 
be classed anthropologically in the same group as the 
Kurds. They are excellent stock breeders, and their 
horses and mules are regarded as the very best in Persia, 


1 Not to be confounded with the Luri or Lori of Baluchistan 
and Sind, tinkers, bards, strolling minstrels, ete., betraying a 
“marked affinity to the Gipsies of Europe” (Pottinger). 


Between the parallel | 


There are two main divisions—Luri | 


It was | 
burned by the insurgents in 1641, and again by the troops | 


| is famous. 


: ween ts 7 Pers , : /constant intertribal feuds 
Persia, with ill-defined limits, but lying mainly between | 


| Matthias of Hungary. 


the surrounding provinces. Most of the hard work is leit 
to the women, who tend the flocks, till the little land under 
cultivation, tread out the corn, and weaye the carpets, 
black goat-hair tents, and horse cloths for which Luristan 
The men put their hands to no useful work, go 
about armed, and are always ready for a foray. Thei1 
render the country unsafe 
for trade and travel, while their revolts against the central 
government often cause a total interruption of communi- 
cation between the several districts. This evil, however, 
has somewhat abated since the tribal chiefs have been com- 
pelled to give hostages as security for their good behavior. 

Outwardly Mohammedans of the Shiah sect, the Lari 
show little veneration either for the Prophet or the Koran. 
Their religion seems to be a curious mixture of Ali-Ilahism, 
involving a belief in successive incarnations and the wor- 
ship of the national saint, Baba Buzurg, combined with 
many mysterious rites, sacrifices, and secret meetings cer- 
tainly anterior to Islam, and possibly traceable to the 
ancient rites of Mithras and Anaitis. 

The chiefs enjoy almost unlimited authority over theia 
subjects, and the tribal organization is strongly marked by 
the feudal spirit. 

The total population of Luristan is about 320,000, and 
the average revenue nearly £40,000 sterling. ~ 

LUSATIA (German, Lausitz) is a common name 
applied to two neighboring districts in Germany 
Lusatia Superior and Lusatia Inferior (Oberlausitz and 
Niederlausitz), belonging in part to Prussia and in part 
to Saxony. The country now known as Upper Lusatia 
was occupied in the 7th century by the Milcieni, a 
Slavonic tribe. In the 10th century it was annexed to 
the German kingdom by the margraves of Meissen, 
and from this time for several centuries it was called 
Budissin (Bautzen), from the name of the principal 
fortress. In the 11th and 12th centuries Budissin 
changed hands several times, being connected at dif- 
ferent periods with Meissen, Poland, and Bohemia. 
The emperor Frederick I, granted it in 1158 to King 
Ladislaus of Bohemia, and under him and his imme- 
diate successors it was largely colonized by German 
immigrants. Between 1253 and 1319 it belonged to 
Brandenburg, to the margrave of which it was given 
in pledge by King Ottocar I. of Bohemia; and in 
1268 it was divided into an eastern and a western 
part—Budissin proper and Gorlitz. In 1319 Budissin 
proper was restored to Bohemia, which also recovered 
Gorlitz in 1346. It was during this period that the 
fortunes of Budissin were associated with those of the 
country afterwards called Lower Lusatia, but originally 
Iusatia. It was inhabited by a Slavonic tribe, the 
Lusici, and reached in the earliest times from the 
Black Elster to the Spree. The Lusici were conquered 
by Margrave Gero in 963, and their land was soon 


| formed into a separate march, sometimes attached to, 


sometimes independent of, the march of Meissen. In 
1303 it passed, as Budissin had done, to Brandenburg, — 
and in 1373, after several changes, it fell into the 
hands of the emperor Charles LV. as king of Bohemia. 
During the Hussite wars the people of Lusatia and 
Budissin remained loyal to the Roman Catholic Church, 
and in 1467 they recognized as their sovereign King 
Twenty-three years later they 
were again united to Bohemia, but in the meantime 
they had received from the Hungarian Government 
the names which they have since retained. In the 
16th century the Reformation made way rapidly in 
Upper Lusatia, and the majority of the people became 
Protestants. The two countries were conquered in 
1620, with the sanction of Ferdinand IL., by the Saxon 
elector, John George I., to whom they were ceded in 
1635, the emperor as king of Bohemia retaining a cer- 
tain supremacy for the purpose of guarding the rights 
and privileges of the Roman Catholie Church. In 
1815 the whole of Lower Lusatia and the half of Upper 
Lusatia were transferred from Saxony to Prussia. 
Lower Lusatia has 395,800 inhabitants, of whom 50,000 
are Wends; the portion of Upper Lusatia belonging 
to Prussia has 243,500 inhabitants, of whom 32,000 
are Wends. ‘There are 300,000 inhabitants, including 
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50,000 Wends, in Saxon Upper Lusatia. Laws relat- 
ing to Upper Lusatia, rhe are passed by the Saxon 
Parliament, must still be submitted to the Lusatian 
diet at Bautzen. 

LUSHAI or KUKI HILLS, a wild and imper- 
fectly known tract of country on the northeastern fron- 
tier of India, extending along the southern border of 
the Assam district of Cachd4r and the eastern border 
of the Bengal district of Chittagong. On the east, the 
Lushai Hills stretch away into the unexplored moun- 
tains of Independent Burmah. This extensive region 
is occupied by a numerous family of tribes known to us 
_ indifferently as Lushdis or Kukis. All these tribes 
are nomadic in their habits, and subject to successive 
wayes of migration. It is said that at the present time 
the entire race of the Lushais is being forced south- 
wards into British territory under pressure from the 
Soktis, a tribe advancing upon them from Independent 
Burmah. The principal characteristic common to all 
the Lushdis, and in which they markedly differ from 
the other tribes on the Assam frontier, is their feudal 
organization under hereditary chiefs. Each village is 
under the military command of a chief, who must come 
of a certain royal stock. The chief’ exercises absolute 
power in the village; and his dignity and wealth are 
maintained by a large number of slaves and by fixed 
contributions of labor from his free subjects. Cultiva- 
tion is carried on according to the nomadic system of 
tillage on temporary clearings in the jungle; but the 
main occupation of the people is hunting and warfare. 


From the earliest times the Lushdis have been notorious 
for their sanguinary raids into British territory, which are 
said to be instigated by their desire to obtain human heads 
for use at their funeral ceremonies. The first of which 
we have record was in 1777. In 1849 a colony of Lushais 
settled within Cachar, was attacked by their independent 
kinsmen, and forced to migrate northwards across the 
Barak river, where they now live as peaceable British sub- 
jects, and are known as “ Old Kukis.” In 1860 a raid was 
made upon Tipperah district, in which 186 Bengali villagers 
were massacred and 100 carried away into captivity. Re- 
tributive expeditions, consisting of small forces of sepoys, 
were repeatedly sent to punish these raids, but, owing to 
the difficult nature of the country and the fugitive tactics 
of the enemy, no permanent advantage was gained. At 
last the disturbed state of the frontier attracted the atten- 
tion of the supreme government. A military demonstra- 
tion in 1869 had entirely failed in its object. Relying 
upon their belief in the impracticable character of their 
native country, the Lushdis made a series of simultaneous 
attacks in January, 1871, upon British villages in Cachar, 
Sylhet, and Tipperah, as well as on the independent state 
of Manipur. The outpost of Monierkhaél repelled a num- 
ber of attacks, lasting through two days, made by a second 
body of Lushdis from the eastern tribes, who finally retired 
with a large amount of plunder, including many coolies 
and guns. Lord Mayo, the viceroy, resolved to make a 
vigorous effort to stop those inroads, once and for all, A 
punitive expedition was organized, composed of two Garkha 
battalions, two Punjab and two Bengal native infantry regi- 
ments, two companies of sappers and miners, and a detach- 
ment of the Peshawar mountain battery. This little army 
was divided into two columns, one advancing from Cachar 
and the other from the Chittagong side. Both columns 
were completely successful. The resistance of the Lushais, 
though obstinate in parts, was completely overcome, and 
the chiefs made their personal submission and accepted the 
terms offered them. Upwards of one hundred British sub- 
jects were liberated from captivity. The actual British 
loss in fighting was very small, but a large number of 
soldiers and camp-followers died from chbdlera. Since this 
expedition, the Lushdis have remained quiet along the 
entire frontier, and active measures have been taken to 
open commercial intercourse between them and the people 
of the plains. Many bdzdrs have been established for this 
purpose, and trade by barter is now freely carried on. 


LUSTRATION is a term that includes all the 
methods of purification and expiation among the 
Greeks and Romans. Among the Greeks there are 
two ideas clearly distinguishable—that human nature 
must purify itself from guilt before it is fit, to enter 
into communion with God or even to associate with 
men (kabaipo, «d0apoic), and that guilt must be expiated 
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voluntarily by certain processes which God has revealed 
in order to avoid the punishment that must otherwise 
overtake it (iAaoudc). It is not possible to make such 
a distinction among the Latin terms lustratio, pracula, 
plamenta, cerimonia, and even among the Greeks it 
ig not consistently observed. The conception of sin 
never reached a high moral standard, and the methods 
of lustration are purely ritualistic. Guilt and impurity 
arose in various ways; among the Greeks, besides the 
general idea that man is always in need of purification, 
the species of guilt most insisted on by religion are in- 
curred by murder, by touching a dead body, by sexual 
intercourse, and by seeing a prodigy or sign of the 
divine will. The last three of these spring from the 
idea that man had been without preparation and in an 
improper manner brought into communication with 
God, and was therefore guilty. The first, which in- 
volves a really moral idea of guilt, is far more important 
than the others in Hellenic religion. Among the 
Romans we hear more of the last species of impurity ; 
in general the idea takes the form that after some 
great disaster the people become convinced that some 
guilt has been incurred somewhere and must be ex- 
piated. The methods of purification consist in cere- 
monies performed with water, fire, air, or earth, or with 
a beantch of a sacred tree, especially of the laurel, and 
also in sacrifice and other ceremonial. Before entering 
a temple the worshipper dipped his hand in the vase 
of holy water (repippavthpiov, aqua lustralis), which 
stood at the door; before a sacrifice bathing was a 
common kind of purification; salt-water was more 
efficacious than fresh, and the celebrants of the Eleu- 
sinian mysteries bathed in the sea (aAade ptorac) ; the 
water was more efficacious if'a firebrand from the altar 
were plunged in it. The torch, fire, and sulphur (7é 
eiov) were also powerftl purifying agents. Purifies. 
tion by air was most frequent in the Dionysiac mys- 
terics; puppets suspended and swinging in the air 
(oscilla) formed one way of using the lustrative power 
of the air. Rubbing with sand and salt was another 
excellent method. The sacrifice chiefly used for puri- 
fication by the Greeks was a pig; among the Romans 
it was always, except in the Lupercalia, a pig, asheep, 
and a bull (suovetaurilia). In Athens a purificatory 
sacrifice and prayer was held before every public meet- 
ing; the Maimacteria in honor of Zeus Meilichios was an 
annual festival of purification, and several other feasts 
had the same character. On extraordinary occasions lus- 
trations weré performed for a whole city. So Athens 
was purified by Epimenides after the Cylonian massacre, 
and Delos in the Peloponnesian War. In Rome, be- 
sides such annual ceremonies as the Ambarvalia, Lu- 
percalia, Cerealia, Paganalia, ete., there was a lustra- 
tion of the fleet before it sailed, and of the army before 
it marched. Part of the ceremonial always consisted 
in leading or carrying the victims round the impure 
persons or things. After any disaster the lustratio 
classium or .exercitus was often again performed, so as 
to make certain that the gods got all their due. The 
Amburbium was a similar ceremonial performed for 
the whole city on occasions of great danger or calamity. 
Ambilustrium was the purificatory ceremony, consist- 
ing in sacrifice and prayer, performed after the regular 
quinqnennial census of the Roman people. 

LUTE. The Huropean lute is derived in form and 
name from the Arabic ‘‘el ‘ad,’ ‘‘the wood,’ the 
consonant of the article ‘‘el”’ having been retained in 
the Kuropean languages for the initial of the name 
(French, Juth; Ital., liuto; Span., laud; German, 
Laute; Dutch, lwit), The Arab instrument, with 
convex sound-body, pointing to the resonance board or 
membrane having been originally placed upon a gourd, 
was strung with silk and played with a plectrum of 
shell or quill. It was adopted by the Arabs from 
Persia, the typical instrument being the two-stringed 
‘“‘tanbur,’”’ and ultimately found its way to the West 
at the time of the crusades. The modern Egyptian 
‘ad’? is the direct descendant of the Arabic lute, and, 
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according to Lane, is strung with seven pairs of catgut 
strings played by a plectrum. A specimen at South 
Kensington, given by the Khedive, has four pairs only, 
which appears to have been the old stringing of the in- 
strument. When frets are employed they are of cat- 
gut disposed according to the Arabic scale of seventeen 
intervals in the octave, consisting of twelve limmas, an 
interval rather less than our equal semitone, and five 
commas, which are very small but quite recognizable 
differences of pitch. 

The lute family is separated from the guitars, also 
of Hastern origin, by the formation of the sound-body, 
which is in all lutes pear-shaped, without the sides or 
ribs necessary to the structure of the flat-backed guitar 
and cither. Observing this distinction, we include with 
the lute the little Neapolitan mandoline of 2 feet long, 
and the large double-necked Roman chitarrone which 
not unfrequently attains to a length of 6 feet. Man- 
dolines are partly strung with wire, and are played 
with a plectrum, indispensable for metal or short 
strings. Perhaps the earliest lutes were so played, but 
the large lutes and theorbos strung with catgut have 
been invariably touched by the fingers only, the length 
permitting this more sympathetic means of producing 
the tone. 

The; Neapolitan is the best known mandoline; it was 
indicated by Mozart in the score of Don Giovanni, to 
accompany the famous serenade. ‘The four pairs of 
strings are tuned like the violin, in fifths :— 


The Milanese is larger, and hag five and six pairs :— 


cea ae! 


(aaa a o 
ié a Soe a at aa aia 


or, as in a specimen at South Kensington, 


SS eee 


The mandola or mandore is larger than either, with 
eight pairs of strings. This name has been derived 
from the Italian word, similarly spelled but differently 
accented, signifying almond, which the mandola is sup- 
posed to resemble in shape, but ban, man, pan, and 
tan are first syllables of lute and guitar instruments 
met with all over the world, the oldest form of which 
is the borrowed Greek ‘‘ zavdoipa,”’ an Asiatic word, 
which the Arabs changed to ‘‘tanbur.’’ Praetorius 
(Organographia, Wolfenbiittel, 1619, a scarce work, 
of which the only copy in Great Britain is in the Ad- 
vocates’ Library, Edinburgh), writing when the lute 
was in universal favor, mentions seven varieties dis- 
tinguished by size and tuning. The smallest would be 
larger than a mandoline, and the melody string, the 
‘* chanterelle,’’ often a single string, lower in pitch. 
Preetorius. calls this an octave lute, with the chan- 
terelle C or D. The two discant lutes have respec- 
tively B and A, the alto G, the tenor EK, the bass D, 
and the great octave bass G, an octave below the alto 
lute which may be taken as the model lute cultivated 
by the amateurs of the time. The bass lutes were 
most likely theorbos, that is, double-necked lutes, as 
described below. The accordance of an alto lute was 
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founded upon that of the original eight-stringed Kuro- 
pean lute, to which the highest and lowest notes had, 
in course of time, been added. A later addition was the 


ies also on the finger-board, and bass strings, 
nS’ 


double, or single, known as diapasons, which, 
descending to the deep C of the violoncello, were not 
stopped with the fingers. The diapasons were tuned 
as the key of the piece of music required. ‘The illus- 
tration represénts an Italian instrument made by one 
= of the most celebrated 

lute makers, Venere of 
Padua, in 1600; it is 3 
feet 6 inches high, and 
has six pairs of unisons 
and eight single diapa- 
sons. The finger-board, 
divided into approxi- 
mately equal half tones 
by the frets, as a rule 
eight in number, was 
often further divided 
on the higher notes, 
for ten, eleven, or, as 
in the woodeut, even 
twelve, semitones. The 
head, bearing the tun- 
ing pegs, was placed at 
an obtuse or a right 
angle to the neck, to 
increase the bearing of 
the strings upon the 
nut, and be convenient 
for sudden  require- 
ments of tuning during 
erformance, the trou- 
= bie of keeping a lute in 

Lute, by Venere of Padua, tune being proverbial. 

The lute was in general use during the 16th and 17th 
centuries. In the 18th it declined; still the great J. 8. 
Bach wrote a ‘‘ partita’’ for it, which remains in manu- 
script. The latest date we have met with of an en- 
graved publication for the lute is 1760. 

The large double-necked lute, with two sets of tun- 
ing pegs, the lower for the finger-board, the higher for 
the diapason strings, was known as the theorbo; also, 
and especially in England, as the ‘archlute; and, in a 
special form, the neck being then very long, as the chi- 
tarrone. 'Theorbo and chitarrone appear together at 
the close of the 16th century, and their introduction 
was synchronous with the rise of accompanied monody 
in music, that is, of the oratorio and the opera. Peri, 
Caccini, and Monteverde used theorbos to accompany 
their newly-devised recitative, the invention of whis 
in Florence, from the impulse of the Renaissance, is 
well known. ‘The height of a theorbo varied from 3 
feet 6 inches to 5 feet, the Paduan being always the 
largest, excepting the Roman 6-feet long chitarrone, 
These large lutes had very deep notes, and doubiless 
great liberties were allowed in tuning, but the strings 
on the finger-board followed the lute accordance already 
given, or another quoted by Baron ( Untersuchung des 
Instruments der Lauten, Nuremberg, 1727) as the old 
theorbo or ‘‘ violway ’’ (see Mace, Musich’s Monument, 
London, 1676) :— : 


(e Sre=sasei= 


We find again both these accordances varied and 
transposed atone higher, perhaps with thinner strings, 
or to accommodate local differences of pitch ; Preeto- 
rius recommends the chanterelles of theorbos being 
tuned an octave lower on account of the great strain. 


LUTHER. 


By such a change, another authority, the Englishman 
Thomas Mace, says, the life and spruceness of airy 
lessons were quite lost. ‘The theorbo or archlute had 
at last to give way to the violoncello and double bass, 
which are still used to accompany the ‘‘recitativo 
secco’’ in oratorios and operas. Handel wrote a part. 
for a theorbo in Msther (1720); after that date it ap- 
pears no more in orchestral scores, but remained 1n 
private use until nearly the end of the century. 


We cannot refrain from admiring the beauty of decora- 
tidn of ivory, mother of pearl, and tortoise-shell, the cha- 
racteristic patterning of the “knots” or “roses” in the 
soundhoards, all of which was so well allied with the 
extremely artistic forms of the different lutes, rendering 
them, now their musical use is past, objects of research for 
collectionsand museums. The present direction of musical 
taste and composition is adverse to the cultivation of such 
tenderly sensitive timbre as the lute possessed. The hite 
and the organ share the distinction of being the first instru- | 
ments for which the oldest instrumental compositions we | 
possess were written. It was not for the lute, however, in 
our present notation, but in tablature, “lyrawise,” a sys- 
tem by which as many lines were drawn horizontally as 
there were pairs of strings on the finger-board, the frets 
being distinguished by the letters of the alphabet, re- 
peated from A for each line. This was the English man- 
ner; the Italian was by numbers instead of letters. The 
signs of time were placed over the stave, and were not 
repeated unless the mensural values changed. 


Consult Grove’s Dictionary of Music, arts, ‘ Lute,” 
*“Prets”’; Stainer and Barrett’s Dictionary of Music, “'Vab- 
lature”; and the admirable museum catalogues of Carl 
Engel (South Kensington), G. Chouquet (Paris), and Victor 
Mahillon (Brussels). (A, J. H.) 


* LUTHER (1483-1546). First Period (1483-1517). 
—Martin Luther (Lyder, Liider, Ludher—from Lo- 
thar, some say) was born at Hisleben in the county of 
Mansfeld, in Thuringia, on the 10th of November, 1483. 
His father Hang Luther, a slate-cutter by trade, be- 
longed to a family of free peasants. His mother was 
Margaret Lindeburn. Hang Luther had left Méhra, 
his native village, and had come to Hisleben to work 
asa miner. When Martin was six months old he went 
to Mansfeld and set up a forge, the small profits of 
which enabled him to send his son to the Latin school 
of the place. There the boy so distinguished himself 
that his father determined to make him a lawyer, and 
sent him for a year to a Franciscan school at Magde- 
burg, and then to Hisenach near Méhra. ‘There 
Luther, with other poor scholars, sang for alms in the 
streets, and his fine tenor voice and gentle manners 
attracted the attention and gained for fim the moth- 
erly care of Ursula Cotta, the wife of the burgomaster 
of Hisehach. From Hisenach he went in his eigh- 
teenth year to the high school of Erfurt, where 
his favorite master was the humanist Trutwetter, 
who taught him classics and philosophy. He 
- took his bachelor’s degree in 1502, and his mas- 
ter’s in 1505. At Mrfurt the preaching of the town’s 
pastor Weisemann made a deep impression on his mind, 
as did the preacher’s frequent exhortations to study the 
Scripture. Luther tells us that he sought in vain for 
a whole Bible, and that he could only get portions to 
real. A dangerous illness, the death of a near friend, 
together with other circumstances, so wrought on his 
pions sensitive nature that in a of father and 
‘amily he resolved to give up all his prospects and 
become a monk, He entered the Augustinian con- 
vent at Hrfurt in June, 1505, taking with him Plau- 
tus and Virgil, the solitary mementos of the life he 
had abandoned. is first years of monastic life were 
spent in fierce mental struggle. He had found a whole 
ible and read it diligently, but it did not bring him 
peace. he feeling of universal human sinfulness, and 
of his own, was burnt into him both by his dogmatic 
studies and by his reading of the Scripture. He lived 


* This article, though much criticised by scholars as to its 
statements of fact, is published precisely as in the English 
Edition, but a carefully prepared article, making the necessary 
corrections, will be found at the end of this yolume.—Am, Pus. 
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a life of the severest mortification, and invented con- 
tinually new forms of penance, and all the while heart 
and head alike told him that outward acts could never 
banish sin. ‘‘ I tormented myself to death,’’ he said, 
‘to make my peace with God, but I was in dark- 
ness and oat it not.’’ The vicar-general of his 
order, Staupitz, who had passed through some- 
what similar experiences, helped him greatly. ‘‘ There 
is no true repentance,”’ he said, ‘‘ but that which be- 
gins with the love of righteousness and of God. Love 
Him then who has first loved thee.’’ Staupitz had 
been taught heart religion by the mystics, oan he sent 
Luther to the sermons of ‘Tauler and to the 7’heologia 
Germanica. 
When Luther regained his mental health, he took 
courage to be ordained priest in May, 1507, and next 
year, on the SS semiotics of Staupitz, the elector 
of Saxony appointed him professor in ie university of 
Wittenberg, which had been founded in 1502. While 
in the monastery Luther had assiduously pursued hig 
studies, and his severe mortifications and penances had 
never interrupted his theological work. He read 
all the great scholastic theologians, but Augustine was 
his master in theology, while Hrfurt studies under 
Trutwetter doubtless made him pore over Occam 
(‘‘mein lieber Meister,’’ as he afterwards fondly 
called him) till he got his bulky folios by heart. He 
began by lecturing on Aristotle; and in 1509 he gave 
Biblical lectures, which from the very first were a 
power in the university. [is class-room was thronged ; 
bie fellow-professors were students. Staupits forced 
him also to preach ; and his marvellous eloquence, felt 
to be from the heart, attracted great crowds of hearers. 
The year 1511 brought an apparent interruption, but 
in fact only a new development, of Luther's character 
and knowledge of the world. He went to Rome, prob- 
ably in fulfilment of an old yow, and the journey was 
a marked event in his life. He went up in true pil- 
grim spirit, a mediaeval Christian, and he came back 
a Protestant. The pious German was horrified with 
what he saw in Rome, and he afterwards made telling 
use of what he had seen in various tracts, and notably 
in his address to the German nobles. He tells us that 
at Wittenberg he had pondered over the text, ‘‘ The 
just shall live by faith,’ that while in Rome the words 
came back to him, and that on his return journey to 
Germany the evangelical meaning of the phrase rushed 
into his mind. On his return to the university he was 
yromoted to the degree of doctor of divinity, in Octo- 
er, 1512, The oath he had to take on the occasion 
‘to devote his whole life to study, and faithfully to 
expound and defend the holy Scripture,’’ was to him 
the seal of his mission. He began his work with lectures 
on the Psalms, and then proceeded to comment on the 
epistles of Paul to the Romans and Galatians, enfore- 
ing especially his peculiar views of the relations between 
law and gospel. fis lectures and his sermons were 
attended by great audiences, and disciples gathered 
round him. As early as 1516 his special principles 
were publicly defended at academical disputations. 
Staupitz made him district-vicar of hig order for Meis- 
sen and l'huringia. He made short preaching tours, 
and his influence was felt far beyond Wittenberg. 
When the plague came to that university town he re- 
mained at his post when others fled. Then came 1517, 
the year of the Reformation. The new pope, Leo X., 
had sent agents through Germany to sell indulgences 
and had chosen John Tetzel, a Dominican monk, for 
Saxony. Luther, who had passed through deep soul- 
struggles ere he won pardon, knew that God's for- 
giveness could not be purchased for money, and 
thundered against Tetzel and his indulgences from Wit- 
tenberg pulpit. He wrote anxiously to the princes and 
bishops to refuse the pardon-seller a pas- — pye wit 
sage through their lands. When 'Tetzel — tenberg 
got to Jiiterbogk near Wittenberg, Luther — eses. 
could stand it no longer. He wrote out ninety-five 
propositions or theses denouncing indulgences, and on 
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the eve of All Saints, October 31, nailed the paper to 
the door of the Castle church. In a short time all 
Germany was ablaze, 

These ninety-five theses are one eontinuous harangue 
against the doctrine and practice of pardon-selling, but 
they do not openly denounce indulgence in every form. 
They make plain these three things :—(1) there may 
be some good in indulgence if it be reckoned one of the 
many ways in which God’s forgiveness of sin can be 
proclaimed; (2) the external signs’ of sorrow are not 
the real inward repentance, nor are they as important 
as that is, and no permission to neglect the outward 
expression can permit the neglect of true repentance ; 
(3) every Christian who feels true sorrow for sin is 
there and then pardoned by God for Christ’s sake 
without any indulgence ticket or other human contriv- 
ance. And in his sermons on indulgence Luther de- 
Claved that repentance consisted in contrition, confes- 
sion, and absolution, and that contrition was the most 
Wnportant, and in fact the occasion of the other two. 
If the sorrow be true and heartfelt, confession and 
pardon will follow. The inward and spiritual fact of 
sorrow for sin, he thought, was the great matter; the 


outward signs of sorrow were good also, but God, who | 


alone can pardon, looks to the inward state. These 
theses) with the sermons explaining them, brought 
Genmnany face to face with the reality of blasphemy in 
the indulgences. Luther's public life had opened; the 
Reformation had begun. 

Second Period (1517-1524). —Pilgrims who had come 
to Wittenberg to buy indulgences returned 
with the theses of Luther in their hands, 
and with the impression of his powerful 
evangelical teaching in their hearts. The national mind 
of Germany took up the matter with amoral earnestness 
which made an impression, not only upon the princes, 
but even upon bishops and monks. At first it seemed 
as ifall Germany was going to support Luther. ‘The 
traffic in indulgences had been so shameless that all 
good people and all patriotic Germans had been scan- 
dalized. But Luther had struck a blow at more than 
indulgences, although he scarcely knew it at the time. 
Tn his theses and explanatory sermons he had declared 
that the inward spiritual fects of man’s religious ex- 
perience were of’ infinitely more value than their ex- 
pression in stereotyped forms recognized by the church, 
and be had made i plain too that in such a solemn 
thing as forgiveness of sin man could go to God directly 
without human mediation, 
day of Pentecost had thought and felt the same, and 
all through the Middle Ages men and women had hun- 
bly gone to God for pardon trusting in Christ. They 
had found the pardon they songht, and their simple 


Luther's 
preaching, 


Pious Christians since the | 


Christian experience had been sung in the hymns of | 


the medieval church, had found expression in its 
prayers, had formed the heart of ha evangelical 
preaching of the church, and had stirred the masses of 
people in the many revivals of the Middle Ages. But 
those pious people, hymn-writers, and preachers had 
not seen that this inward experience of theirs was 
really opposed to a great part of the ecclesiastical 
system of their day. ‘The church had set such small 
store by that inward religious experience that the 
common speech of the times had shawnee the plain 
meanings of the words ‘spiritual,’ “ saered,’? “holy.”’ 
A man was ‘spiritual’? if he had been ordained to 
office in the church; money was ‘‘ spiritual’? if it had 
been given to the church; an estate, with its roads, 
woodlands, fields, was ** spiritual’? or ‘holy’? if) it 
belonged to a bishoprie or abbey. And the church 
that had so degraded the meaning of ‘spiritual’? had 
thrust itself and its external machinery in between 
God and the worshipper, and had proclaimed that no 
man could draw near to God'save through its appointed 
ways of approach. Confession was to be made to God 
through Me priest; God spoke pardon only in the 
priest’s absolution, When panee attacked indulgen- 
ces in the way he did he struck at this whole system, 


discern in its true light. 
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Compelled to examine the ancient history of the 
church, he soon discovered the whole tissue of fraud 
and imposture by which the canon law had from the 9th 
century downwards been foisted upon the Christian 
world. ‘There is scarcely any essential point in ancient 
ecclesiastical history bearing upon the question of the 
invocation of saints, of clerical priesthood, of episcopal 
and metropolitan pretensions, which his genius did not 
Whatever Luther denounced 
as fraud or abuse, from its contradiction to spiritual 
worship, may be said to have been openly or tacitly 
admitted to be such. But what produced the greatest 
effect at the time were his short popular treatises, 
exegetical and practical—his Jiterpretation of the 
Magnificat or the Canticle of the Fingin Mary, his 
Keposition of the Ten Commandments, and of the 
Lord's Prayer. The latter soon found its way 
into Italy, although without Luther's name, and has 
neyer been surpassed either in genuine Christian 
thought or in style. He resolved also to preach 
throughout Germany, and in 1518 appeared at a gen- 
eral meeting of his order at Fleidelbarie There he 
held a public disputation on certain theses called -hy 
him paradoxes, in which he strove to make apparent 
the contrast between the external yiew of religion 
taught by the schoolmen and the spiritual view of gos- 
pel truth based wpon justifying faith, Ie made many 
disciples on this occasion, of whom perhaps the most 
notable was Martin Bucer, On his return to Witten- 
berg in May, 1518, Luther wrote and published an able 
and moderate exposition of the theses, and sent it to 
some ofthe German bishops. He proclaimed the need for 
a thorough reformation of the church, which he thought 
could only be effected, with the aid of God, by an ear- 
nest co-operation of the whole of Christendom. This 
energy awakened opponents. Conrad Wimpina at 
Frankfort, Toogstraten at Cologne, Sylvester Trierias 
at Rome, and above all John Wek, an old fellow-stu- 
dent, at Ingolstadt, attacked his theses, and discoy- 
ered heresy in them. ‘The result was that Luther was 
summoned to appear before the pope at Rome, but the 
elector of Saxony intervened, ake got the matter so 
arranged that Luther was cited to appear before the 
pope’s legate at Augsburg. 

The pope was unwilling to quarrel with Germany, 
where the whole people seemed to be sup- at Augs 
porting Luther, and the cardinal legate burg before 
James de Vio of Gaeta, commonly called the legate. 
Cajetan, was told to be conciliatory. Luther went 
to Augsburg on foot, and presented himself before 
the legate, but the interyiew was not a successful 
one, ‘he cardinal began by brow-beating the monk, 
and ended by being somewhat afraid of him. ‘IT ean 
dispute no longer with this beast,’’ he said; ‘it has 
two wicked eyes and marvellous thoughts in its head,’” 
Luther could not respect either the learning or the 
judgment of Cajetan. He left Augsburg by stealth, 
afraid of capture, condemned, but appealing ‘from 
the pope ill-informed to the pope tor be Batten 
formed.’ On his return to Wittenberg he found the 
elector in great anxiety of mind, in consequence of an 
imperious letter from the cardinal, and offered to leave 
Saxony for Ivance. The elector, however, allowed 
him to remain, and the pope sent another legate to 
settle the affairs of Germany. ‘his was Carl yon 
Miltitz, a native of Saxony, a man of the world, and 
no great theologian, He resolved to meet Luther 
privately, and did so in the house of Spalatin, court 
preacher to. the elector of Saxony. In his interview 
with Cajetan Luther had refused to retraet two propo- 
sitions—that the treasury of indulgences is not filled 
with the merits of Christ, and that he who receives the 
sacrament must have faith in the grace offered to him. 
Miltitz made no such demands. Te apparently gave 
up Tetzel and the indulgences, agreed with much of 
Luther's theology, but insisted that he had not been 
respectful to the pope, and that such conduct weakened 
the authority which rightly belonged. to the church. 
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He wished Luther to write to the pope and apologize. 
Luther consented. It was further arranged that both 
parties were to cease from writing or preaching on the 
controverted matters, and that the pope was to com- 
mission a body of learned theologians to investigate. 

. Luther accordingly wrote to the pope, telling him that 
he ‘‘ freely confessed that the authority of the church 
was superior to everything, and that nothing in heaven 
or on earth can be preferred before it save only Jesus 
Christ, who is Lord oyer all.’’ This was in March, 
1519. Meanwhile Luther had appealed from the pope 
to a general council to be held in Germany. In the 
end of 1518 a papal bull concerning indulgences had 
appeared, confirming the old doctrine, without any 
reference to the late dispute. 

The years 1519, 1520, 1521 were a time of fierce but 
triumphant struggle with the hitherto irresistible 
Church of Rome, soon openly supported by the empire. 
The first of these years passed in public conferences 
and disputations. 


adversaries did not attack him, and he kept his wor. 
But his old antagonist John ek published 
thirteen theses attacking Luther, and chal- 
lenged Andrew Bodenstein of Carlstadt, a 
friend and colleague of Luther, to a public disputation, 
Luther instantly replied to Hck’s theses, and the dis- 
putation between Carlstadt and ek was immediately 
Folleared by one between Wek and Luther. In this 
famous Leipsie disputation the controversy took a new 
shape. It was no longer a theological dispute; it be- 
came a conflict between two opposing sets of principles 
affecting the whole round of church life. Luther and 
Hek began about indulgences and penance, but the 


Leipsie dis- 
putation, 


debate soon turned on the authority of the Roman | 


Church and of the pope. Keck maintained the superi- 
ority of the Roman Church and of the pope as sue- 
cessor of St. Peter and vicar-general of Christ. His 
argument was ‘‘no pope no chureh.’’ Luther denied 
the superiority of the Roman Church, and supported 
his denial by the testimony of cleyen centuries, bi the 
decrees of Nicvea, by the Holy Seriptures. He main- 
tained that the Greek Church was part of the church 
of Christ, else Athanasius, Basil, and the Gregories 
were outside Christianity. The pope has more need 
of the church, he said, than the i has of the 
pope. Heck retorted that these had been the argu- 
ments of Wickliffe and of Huss, and that they had 
been condemned at the’council of Constance. Luther 
refused to admit that 


Hek refused to debate with an opponent who woul 


not abide by the decision of cocumenical councils; and , 


so the disputation ended. But Luther immediately 
afterwards completed his argument and published it. 
He asserted that he did not mean to deny the bishop 
'_ of Rome’s primacy, provided the pope kept his own 
place as servant of the church, but that he did mean 
to deny that there could be no church apart from the 
ope. ‘he church, he said, is the communion of the 
nithful, and consists of the elect, and so neyer can 
lack the presence of the Holy Spirit, who is not always 


with bed and councils. This church, he declared, is 
invisible, but real, and every layman who is in it and 


has Holy Seripture and holds by it is more to be be- 
lieved than popes or councils, who do not. This Leip- 
sic disputation had very important consequences. On 
the one hand, Hek and his associates felt that Luther 
must now be put down by force, and pressed fora 
papal bwll-to condemn him;’and Luther himself, on 
the other hand, felt for the first time what great con- 
sequences lay in his opposition to the indulgences, He 
saw that his Augustinian theology, with its recognition 
of the heinousness of sin, and of the need of the sover- 
eign grace of God, was incompatible with the whole 
round of medizval ceremonial life, proved it to be im- 
possible for men to live perfectly holy lives, and so 
made saints and saint mewn and relies and pilgrim- 
ages impossible things. He saw the uselessness of the 


dL ¢ Luther had promised Miltitz to | 
refrain from controversy, on the understanding that his | 


the condemnation was right ; | 
| ‘Some of the finest productions of Luther's pen belong 
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feel in sympathy with 
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- 
monastie life, with its vigils and fasts and scourgings. 
These things were not helps, he saw, but hindrances 
to the true religious life. The Leipsie disputation 
made Luther feel that he had finally broken with Rome, 
and it made all Germany see it teo, and raised the 
popular enthusiasm to a white heat. The people of 
the towns declared their sympathy with the bold monk. 
Ulrich von Hutten and the German humanists saw 
that this was more thana monkish quarrel, and recog- 
nized Luther as their leader, Trang von Sickingen 
and the free knights hailed him as a useful ally. ven 
the poor down-trodden peasants hoped that he might 
be a luckier leader than Joss Fritz, and that he might 
help them to free themselves from the unbearable mis- 
eries of their lot. Luther became the leader of the 
German nation after the Leipsie disputation. 

During 1520 the first great political crisis occurred 
on the oceasion of the death of Maximilian, and ended 
fatally, in consequence of the want of patriotie and 
Sapere wisdom among the German princes. Ranke 
1as pointed out the political elements which then ex- 
isted for creating a Germany as free and independent 
as vance or Hngland; and Justus Miser of Osnabviick 
had long before truly declared, ‘If the emperor at 
that time had destroyed the feudal system, the deed 
would have been, according to the spirit in which it 
was done, the grandest or the blackest in the history 
of the world.’? Moser means that if the emperor had 
embraced the Reformed faith, and placed himself’ at 
the head of the lower nobility and cities, united in one 
body as the lower house of a German parliament, 
this act would have saved Germany, Probably some 


i such idea was in the mind of the archbishop of Treves 
when he proposed that Irederick, the elector of Saxony, 


should be chosen emperor. Frederick might have 
carried out this policy, just because, if elected, he had 
nothing to rely upon except the German nation, then 
more numerous and powerful than it has been since ; 
but he had not the courage to accept a dignity which 
he supposed to require for its support amore powerful 
house than his own. Charles, the son of Maximilian, 
was elected emperor, and that clection meant the con- 
tinuation of a medisval policy in Germany. 
Meanwhile Luther was at Wittenberg continuing his 
course of preaching, lecturing, and writing. ‘The 
number of matriculated students had increased from 
232 in 1517 to 458 in 1519, and to 579 in 1520; but 
large numbers besides these came to hear Luther. ‘The 
study of Greek and Hebrew was diligently earried on, 
and the university was in a most flourishing state. 


to this period,—his Sermons on the sacraments, on 
excommunication, on the priesthood, on good works, 
his Address to the Christian Nobility of the German 
Nation on the Reformation of Christendom, and The 
Babylonian Captivity of the Church. The address to 
the German nobles, published on Jtme 26, 1520, created 
a great deal of excitement, not only in Germany, but 
beyond it. It was this appeal which first made Zwinglhi 

eaten. who showed in this 
little book that the Romish doctrine of two estates, 
one secular and the other spiritual, was simply a wall 
raised round the church to prevent reform, A// Chris- 
tians are spiritual, he said, and there is no difference 
among them. ‘The secular power is of God as well as 
the spiritual, and has rule over all Christians without 
exception,—pope, bishops, monks, and nuns, Ele also 
appealed to the peor to pied so much money 
going out of the kingdom to Ltdly.  ‘‘ Why,’’ he said, 
™ should 300,000 florins be sent every year from Ger- 
many to Rome?’ Tis addvess raised the ery of 
Germany for the Germans, eivil government uncon- 
trolled by ecclesiastics, a married clergy, while he 
called for a national system of education as the founda- 
tion of a better order of things. ‘The most important 
work of the time, however, was the Babylonian Caup- 
tivity of the Church of God (October, 1520), in which 
ho boldly attacked the papacy in its principles. ‘The 
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main thought in the book is expressed in the title. 
The Catholic Church has been taken into bondage by 
the papacy, as the Jewish people were taken to Baby- 
lon, and ought to be brought back into freedom. 
Luther described the sacraments, real and pretended, 
and showed how each had been carried into captivity 
and ought to be delivered. He concluded in a very 
characteristic fashion. ‘‘I hear that bulls and other 
papistical things have been prepared, in which I am 
urged to recant or be proclaimed a heretic. If that be 
true, I wish this little book to be part of my future re- 
cantation.’’ The printing press sent thousands of these 
books through Germany, and the people awaited the 
bull, armed beforehand against its arguments. The 
bull was published at Rome on July 15, 
1520. It accused Luther of holding the 
opinions of Huss, and condemned him. Hck 
brought it to Leipsic, and published it there in October. 
It was posted up in various German towns, and usually 
the citizens and the students tore it down. At last it 
reached Luther. He answered it in a pamphlet, in 
which he called it the execrable bull of Antichrist, and 
at last he proclaimed at Wittenberg that he would 
publicly burn it. On December 10, 1520, at 
the pope's the head of a procession of professors and 
bull. students, Luther passed out of the univer- 
sity gates to the market-place, where a bonfire had 
been laid. One of the professors lighted the fuel, and 
Luther threw the bull on the flames; a companion 
flung after it a copy of the canon law. Germany was 
henceforth to be ruled by the law of the land, and not 
by the law of Rome. The news flashed over all Ger- 
many, kindling stern joy. Rome had shot its last bolt ; 
if Luther was to be crushed, only the emperor could 
do it. On December 17th Luther drew up before a 
notary and five witnesses a solemn protest, in which he 
appealed from the pope to a general council. This 
protest, especially ee we take it along with other 
future acts of Luther, meant a great deal more 
than many historians have discerned. It was the 
declaration that the Christian community is wider 
than the Roman Church, and was an appeal from 
later medizval to earlier medieval ideas of catho- 
licity. In the times immediately preceding the 
Reformation, the common description of Christian 
society was social life in communion with the bishop 


Luther ex- 
communi- 
cated, 


He burns 


of Rome, but in the earlier Middle Ages Christian | 
society had also been defined to be social life within | 


the holy Roman empire. 


For the Roman empire had | 


imposed on all its subjects a creed, and to that extent, 


had made itself'.a Christian community. 
menical council was the ecclesiastical assembly and final 
court of appeal for this society, whose limits were de- 
termined by the boundaries of the medizeval empire, 
and Luther by this appeal not only declared that he 
could be a catholic Christian without being in com- 


The cecu- | 


munion with Rome, but secured an ecclesiastical stand- | 
ing ground for himself and his followers which the law | 


could not help recognizing. It was an appeal from 
the Catholic Church defined ecclesiastically to the 
Catholic Church defined politically, and foreshadowed 
the future political relations of the Lutheran Church. 

The pope had appealed to the emperor to crush 
heresy in Germany, and Charles V., with his Spanish 
training and his dreams of a restored medizeval em- 
pire, where he might reign as vicar of God circa 
civilia, had promised his aid. He had declared, how- 
ever, that he must pay some regard to the views of 
Frederick of Saxony, from whom he had received the 
imperial crown, and had in the end resolved to sum- 
mon Luther before the diet to be held at Worms. ‘The 
diet was opened by Charles in January, 1521, and the 
Before the papal nuncio Hieronymus Alexander (after- 
emperorat wards archbishop of Brindisi and cardinal) 
Worms. urged first privately and then publicly in 
the diet that Luther should be condemned unheard, as 
one already tried and convicted by the papal bull. He 
threatened the Germans with extermination, it is said, 
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in case of their refusal to accede to his requests,— 
‘“We shall excite the one to fight against the other, 
that all may perish in their own blood,’’—a threat to 
which the whole subsequent history of Germany offers 
the commentary. But the princes had their own 
quarrel with Rome, and urged besides that it would 
be unfair to condemn a man unheard and untried. A 
committee appointed by the diet presented a list of 
one hundred grievances of the German nation against 
Rome. This startled the emperor, who, instead of 
ordering Luther's books to be burned, issued only-a 
provisional order that they should be delivered to the 
magistrate. He then sent to summon Luther before 
him, and granted him a safe-conduct to and from the 
diet. In April Luther set out for Worms. Before 
leaving Wittenberg he had devised with his friend 
Lucas Cranach the artist what he called “a good book 
for the laity,’’ a series of woodcuts depicting eontrasts 
between Christ and the pope, with explanations in 
pithy German :—Christ washing the disciples’ feet on 
one page, the pope holding out his toe to be kissed, on 
the other; Christ bearing his cross, the pope carried 
in state through Rome on men’s shoulders; Christ 
driving money-changers out of the temple, the pope 
selling indulgences, with piles of money before him ; 
and so on. Luther went to Worms, believing that he 
was going to his death. Everywhere on the road he 
saw the imperial edict against his books posted up, yet 
his journey was in some sort a triumphal progress ; 
the people came out in crowds to meet him, and at 
Erfurt the herald gave way to the universal request, 
and, against his instructions, permitted Luther to 
preach. On the 16th Luther entered the imperial 
city amidst an immense concourse of people. Next 
day he was brought before the diet. hen the hour 
approached he fell on his knees, and uttered in great 
agony a prayer such as can only be pronounced by a 
man filled with the spirit of Him who prayed in Geth- 
semane. When he appeared before the diet he was 
asked by John Heck, an official of the archbishop of 
Treves (to be distinguished from Eck the theologian), 
whether the books piled on a table were his, and 
whether he would retract what was written in them. 
Luther acknowledged his writings, and requested that 
as the matter written concerned the highest of all sub- 
jects, the word of God and the welfare of souls, he 
might have time for consideration before he answered 
the second question. His request was granted, and 
he retired. Luther’s resolution had been taken be- 
fore he appeared at the diet ; he only desired to con- 
vince friends as well as foes that he did not act with 
precipitation at so decisive a moment. ‘The next day 
he employed in prayer and meditation, making a 


‘solemn yow upon a volume of Scripture to remain 
faithful to the gospel, should he have to seal his con- 


fession with his blood. When he was again brought 
before the diet, he answered at great length, dividing 
his writings into three kinds :—(1) those in which he 
had written about faith and morals in such fashion 
that even his opponents admitted that what he had 
said was worth reading: he could not retract these ; 
(2) those in which he had condemned the papacy and 
popish doings, which had ruined Christendom body 
and soul: to retract these would be mean and wicked, 
and he would not; (3) those in which he had attacked 
private persons with perhaps more vehemence than 
was right: he would not retract, but would readily 
listen to any one who pointed out errors. He spoke 
in German with earnestness and force, but the emperor 
and his followers scarcely understood him, -and he was 
asked to repeat his answer in Latin. He did so, and 
the papal party were irritated; the official declared 
that they were not there to make distinetions or to dis- 
cuss things which had been long ago settled by coun- 
cils; let the accused say whether he recanted or not. 
Luther answered, ‘* Well then, if your imperial 
majesty and your graces require a plain answer, I will 
give you one of that kind without horns and teeth. 
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Tt is this. I must be convinced either by the wit- 
ness of Scripture or by clear arguments, for I do not 
trust either pope or councils by themselves, since it is 
manifest that they have often erred and contradicted 
themselyes—for I am bound by the Holy Scriptures 
which I have quoted, and my conscience is held by the 
word of God. I cannot and will not retract anything, 
for to act against conscience is unsafe and unholy. So 
help me God. Amen.’’- Eck asked him whether he 
actually meant to say that general councils had erred. 
He answered that he declared, and that openly, that 
councils had erred several times, that the council of 
Constance had erred. Hck replied that he surely did 
not mean to say that general councils had erred. 
Luther persisted that he could prove that they had 
erred in many places. The emperor made a sign to 
end the matter, and Luther said, ‘tI can do nought 
else. Here stand I. God help me. Amen.’ He 
went back to his lodgings in deep depression of spirit, 
but was comforted on learning that the elector had 
told Spalatin, ‘‘ Doctor Martin had spoken well in 
Latin and in German before the emperor and all the 
princes and estates of the empire; only he is too keen 
for me.’’ Luther’s answer created very various feel- 
ings among those who heard him. The Italians and 
Spaniards wished the safe-conduct revoked, and 
Luther burnt at once. Most of the Germans resolved 
to protect him at all hazards. The emperor deliber- 
ated for a day, and then declared that he meant to 
permit Luther to return safely from the council, but 
that his opinions were to be condemned, and all who 
clung to them punished for the future. But the pro- 

osal to cancel the sate conduct had roused the people. 

here were threatenings of insurrections of the 
peasants, and of Sickingen and the *knights; and the 


emperor, to allay the feeling, resolved that three days | i 
/on other portions of Scripture, and a set of homilies 


should be given to Luther to reconsider what he had 


said. Theologians came to argue with him, and to | 
induce him to make some recantation, but in vain. At | 


last the edict of the diet was pronounced, in which 
- Luther was condemned in the severest terms, and 
placed under the ban of theempire. ‘This meant that 
when his safe-conduct expired he was an outlaw, and 
that all people were forbidden to give him food or fire 
or shelter. His books were to be burnt, his goods con- 
fiscated, and his adherents punished. Whoever 
disobeyed the edict incurred the ban of the empire. 

Frederick the elector of Saxony thought that Lu- 
ther’s life was no longer safe, as in twenty- 

At the caer aaa 
Wartburg. one days his safe-conduct would expire. 
uther was hurried away from Worms, and 
as he travelled back to Wittenberg he was stopped 
near Hisenach by a band of armed knights, and carried 
to the fortified castle of the Wartburg, above Kisenach 
by Frederick’s orders. The elector’s fears, as matters 
turned out, were exaggerated. Germany was in no 
mood to give Luther up, and there were threatenings 
of risings when he disappeared, only appeased when 
it was whispered about that he was uf friendly keep- 
ing. Luther remained at the Wartburg, dressed as a 
knight, ordered to Jet his beard grow, and bearing the 
name Junker George, for ten months, and made 
use of his enforced leisure to begin what was per- 
haps his greatest literary work, his translation 
of the Scriptures from the original texts. The New 
Testament was almost entirely his own work. He 
used for the text Hrasmus’s fourth edition, and took 
incredible pains with his work. Some of his MS. still 
‘survives, and shows that he corrected and recorrected 
with great pains. Some passages were altered at least 
fifteen times. He often felt at a loss for want of tech- 
nical knowledge, and laid all his friends under contri- 
bution. Thus, when in difficulty about the translation 
of Rey. xxi. he wrote to Spalatin to ask for names and 
descriptions of all the precious stones mentioned. 
When engaged in the translation of the descriptions of 
the slaughter of beasts for sacrifice, he got a butcher to 
kill some sheep for him, that he might learn what 


| Matthesius calls a private Sanhedrim. 


ca 


every part of a sheep was called. His aim was to re- 
produce the tone and spirit of the original as far as he 
possibly could. No fine courtly words, he said to Spa- 
latin; this book can only be explained in a simple 
popular style. It must be understovud by the mother 
in the house, by the children in the streets, and by the 
‘“common man in the market.’’ The translation of 
the New Testament was first published on September 
21, 1522, and a second edition appeared in October. 
By choosing the Franconian dialect in use in the im- 
perial chancery, Luther made himself intelligible to 
those whose vernacular dialect was High German or 
Low German, and his Bible is still the standard of the 
German tongue, and has preserved unity of’ language, 
literature, and thought to the German nation during 
its political disintegration. The translation of the Old 
Testament, begun in the same year, was a much more 
tedious task, and Luther was assisted in it by what 
The friends 
met once a week, several hours before supper, in the 
old Augustinian monastery at Wittenberg, which had 
become Luther’s house. Bugenhagen, Justus Jonas, 
Melanchthon, Aurogallus, Rorer, and several Jewish 
rabbis made the ‘‘ Sanhedrim.’’ Luther thus describes 
the work: ‘‘ We are laboring hard to bring out the 
prophets in the mother-tongue. Ach Gott! what a 
great and difficult work it is to make the Hebrew 
writers speak German! They resist it so, and are un- 
willing to give up their Hebrew existence and become 
like Germans.’’ At the Wartburg Luther was ill in 
health and somewhat troubled in mind. He had been 
ill before he was summoned to Worms, and his long 
journey in the wagon with its cloth tent, the excite- 
ment at Worms, and the solitude at the Wartburg had 
enfeebled him; but his literary activity was untiring. 
He wrote short commentaries on the 68th Psalm and 


intended to guide evangelical preachers, the A7rchen- 
postille. Te also wrote one or two short treatises on 
worship, on the mass, on confession, and on monkish 
vows, intended to guide the reformed churches in the 
rejection of superstitious usages. Up to this time 
there had been no change in the church services. The 
true doctrine of the gospel had been preached in Ger- 
many, and Romish rites and ceremonies had been ex- 
hibited as abuses, but not a single word or portion of 
these ceremonies had been changed, and Luther felt 
that the time had come to bring the preaching and the 
usages into harmony with each other. In the midst 
of these labors news came to him that Germany was 
threatened with a new sale of indulgences. The cardi- 
nal archbishop of Mainz, Albert of Brandenburg, un- 
able to pay the 26,000 ducats due to Rome for his pal- 
lium, had resolved to raise the money by indulgences. 
Luther wrote a fierce tractate Against the New Idol at 
Halle. he archbishop getting word of this, sent to 
Frederick asking him to restrain Luther from attacking 
a brother-elector, and Frederick wished Luther to de- 
sist. He was indignant, but at the request of Melanch- 
thon he agreed to lay the treatise aside until he had 
written to the archbishop. ‘‘ Put down the idol within 
a fortnight, or I shall attack you publicly,’’ he wrote ; 
and the archbishop in reply thanked Luther for his 
Christian brotherly reproof, and promised, ‘‘ with the 
help of God, to live henceforth as a pious bishop and 
Christian prince.’’ 

Luther’s absence from his congregation, his students, 
and his friends and books atWittenberg weighed heavily 
upon him, and he began to hear disquieting 
rumors. Carlstadt and other friends at Wit- 
tenberg were urging on the Reformation at 
too rapid arate. The idea was that everything in wor- 
ship not expressly enjoined in the Bible should at once 
be abolished. The churches were to be stripped of 
crucifixes, images of saints, and the ritual of the mass ; 
the festivals of the Christian year were to be neglect- 
ed, the monastic life put down by force; and some 
even wished it ordained that all clergymen should be 
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married. To Luther all this seemed dangerous, and 
sure to provoke a reaction ; the changes insisted upon 
were to him matters of indifference, which might be 
left to the individual to do or leave undone as he 
pleased. Auricular confession, the reception of the 

ord’s Supper under both forms, pictures in churches, 
the observance of festivals and fasts, and the mon- 
astic life were adiaphora. He wrote earnestly warn- 
ing his friends against rashness and violence, and he 
was anxious and distressed. Still he held out patiently 
till events occurred which called for his presence. 
Certain men claiming to be prophets, Nicolaus Storch, 
a weaver, and his disciple Thomas Miinzer, belonging 
to the village of Zwickau, near the Erzgebirge on the 
borders of Bohemia, preached wildly a thorough-going 
reformation ‘in the church and the banishment of 
priests and Bibles. All believers were priests, they 
said, and all the faithful had the Holy Spirit within 
them, and did not need any such external rule as Holy 
Scripture. They were banished from Zwickau, and 
came to Wittenberg, where Carlstadt joined them. 
Tired by their preaching, the people tore down the 
images in the churches and indulged in various kinds 
of rioting. Luther felt he could remain no longer in 
hiding, He wrote to the elector telling him that he 
must quit the Wartburg, and at the same time declar- 
ing that he left at his own peril. ‘‘ You wish to know 
what to do in the present troublesome circumstances,” 
he said. ‘‘Do nothing. As for myself, let the com- 
mand of the emperor be executed in town or country. 
Do not resist if they come to seize and- kill me; only 
let the doors remain open for the preaching of the word 
of God.”’ He was warned that Duke George of Saxony, 
a violent enemy of the Reformation, was waiting to 
execute the sentence of the ban. ‘‘ If things were at 
Leipsic as they are at Wittenberg,’”’ he said, ‘‘ I would 
go there, if it rained Duke Georges for nine days run- 
ning, and every one of them nine times as fierce as he.”’ 
He left the Wartburg, suddenly appearing in Witten- 
berg on March 3, 1522, and plunged at once into the 
midst of struggles very different from those which he 
had hitherto so victoriously overcome. He found 
things in a worse state than he had feared; even Me- 
Janchthon had been carried away. Luther preached 
almost daily for eight consecutive days against Carl- 
stadt and the fanatics from Zwickau, and in the end 
he prevailed and the danger was averted. His theme 
was that violence does no good to God’s word; there 
are in religion matters of indifference. ‘‘'The Word 
created heaven and earth and all things; the same 
Word must also now create, and not we poor sinners. 
Summa summarum, I will preach it, I will talk of it, 
JT will write about it, but I will not use force or com- 
pulsion with any one.’’ ‘‘In this life every one must 
not do what he has a right to do, but must forego his 
rights, and consider what is useful to his brother. Do 
not make a ‘must be’ out of a ‘may be,’ as you have 
now been doing, that you may not have to answer for 
those whom you have misled by your uncharitable 
liberty.”’ Storch and Miinzer, sincere though mis- 
euided men, sought an interview with him. They laid 
their claims for support before him; they said that 
they were inspired and could prove it, for they would 
tell him what then passed through his mind. Luther 
challenged them to the proof. ‘‘ You think in your 
own heart that my doctrine is true,”’ said one of them 
impressively. ‘‘Get thee behind me, Satan,’ ex- 
claimed Luther, and dismissed them. ‘‘ They were 
quite right,’ he said to his friends afterwards; ‘‘ that 
thought crossed my mind about some of their asser- 
tions. A spirit evidently was in them; but what could 
it be but the evil one?’ 

When Charles V. had laid Luther under the ban of 
Iutherana the empire, he had undoubtedly been great- 
the diet at ly influenced by political considerations. 
Nuremberg. H’yancis I. of France and Charles of Spain 
were rivals, and the whole of the Huropean policy of 
the time turns on this rivalry. The opponents 
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|schemed to attract to themselves and to divert from 
their neighbors the two outside powers of England and 
the papacy, and in 1521 it was the policy of Charles to 
win alliance with the pope. The Germans saw that 
they were being sacrificed in this game of stateeraft, 
and there was no great willingness even among Roman 
Catholics to put the edict of Worms in force, Luther 
at the Wartburg and at Wittenberg was protected by 
the national feeling of Germany trom attack. The diet 
of the empire met in 1522 at Nuremberg, and the new 
imperial council, which ruled in the emperor’s absence, 
and very fairly represented the popular feeling in Ger- 
many, was in no mood to yield to the papacy. Leo X. 
had died, and his successor Adrian ae an orthodox 
Dominican and an advocate for reformation im the 
cloisters and in the lives of the clergy, proposed to 
begin reformation by crushing the German heresy. He 
instructed his nuncio to the diet to demand the execu- 
tion of the edict of Worms. ‘The imperial council 
refused until the grievances of Germany were heard 
and redressed. They spoke of concordats broken and 
papal pledges unfulfilled, and finally they demanded 
a free cecumenical council to be held in Germany within 
a year, which should settle abuses, and until it met 
they wished the creed to be an open question. The 
nuncio found that the pulpits of the free imperial city 
were filled with pieadeate mostly monks, who were 
making the city resound with gospel preaching. He 
asked the diet at least to arrest the preachers ; the diet 
jleaded incompetence. He proposed to sieze them 
fimeelt in the pope’s name; the magistrates threat- 
ened to release them by force, and the nuncio had to 
desist. The diet then presented a hundred gravamina 
or subjects of complaint which the German nation had 
against the papacy, including in the list indulgences, 
dispensations bought for money, absentee bishops and 
other ecclesiastics, the use of bans and interdiets, pil- 
erimages, excessive demands for money, and the decis- 
ions of matrimonial cases in ecclesiastical courts. The 
complaint was an expansion of Luther's address to 
the German nobles. ‘The nuncio could do nothing, 
and was forced to accept by way of compromise a 
decision from the diet that only the verwn, purwn 
stneerum, et sanctum evangeliun was to be preached 
in Germany. Nuremberg reversed the edict of Worms. 
Next year the diet met again at Nuremberg, and the 
new pope, Clement VII., sent the celebrated cardinal- 
legate leis Campeggio to demand the execution of 
the edict.of Worms. ‘he diet asked in return what 
had become of the hundred grievances of the German 
nation, to which Rome had never deigned to return an 
answer. Campeggio declared that at Rome the docu- 
ment had been considered merely as a private pam- 
phlet ; on which the diet, in great indignation, insisted 
on the necessity of an cecumenical council, and proceeded 
to annul the edict of Worms,—declaring, however, in 
their communication to the pope, that it should be 
conformed to as much as possible, which with respect 
to many cities and princes meant not at all. Finally 
it was resolved that a diet to be held at Spires was to 
decide upon the religious differences. But between 
Nuremberg and Spires an event occurred, the revolt 
of Sickingen and the knights, which was destined to 
work harm to the Reformation. ‘The diet of Spires 
met, and many of the members being inclined to con- 
nect Sickingen and Luther, there was a strong feeling 
against the Reformation, but the feeling was not strong 
enough to induce the diet to comply with the demands 
of the legate Campeggio and revoke the decisions of 
Nuremberg, and it refused to execute the edict of 
Worms. Campeggio, however, was able to separate 
Germany into two parties, and this separation became 
apparent at the convention of Ratisbon, where Bavaria, 
Austria, and other South-German states resolved to 
come to separate terms with the papacy. The curia 
promised to stop a number of ecclesiastical extortions 
and indulgences, to make better appointments to bene- 


fices, and to hand over some of the ecelesiastical es- 


‘instruction of the ‘‘rude common man.” 
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tates to the Austrian and Bavarian princes; while the 
states promised to set aside the gravamina, and to 
permit no toleration of the new doctrines. On the 
other hand, many states which had kept aloof from 
the Reformation now joined it, and declared against 
the seven sacraments, the abuses of the mass, the wor- 
ship of saints, and the supremacy of the pope. The 
emperor's brother and successor Ierdinand was a bitter 
foe to the Reformation, and urged persecution. Tour 
Augustinian monks at Antwerp were the first martyrs; 
they were burnt on Ist July, 1523. Ferdinand began 


the bloody work of persecution in the hereditary states | 


of Austria immediately after the convention of Ratis- 
bon. At Passau in Bavaria, and at Buda in Hungary, 
Y yy . . . 
the faggots were lighted. The dukes of Bavaria fol- 
lowed the same impulse. 
Luther's literary activity during these years was 


‘AY unparalleled. In 1522 he published, it is 
Luther's : 4 7 
writings said, one hundred and thirty treatises, and 


a eighty-three in the following year, among 


the royal controversialist, he exclaims, ‘‘ l ery ‘ Gospel ! 
Gospel! Christ! Christ!’ and they cease not to an- 
swer ‘Usages! Usages! Ordinances! Ordinances! 
Fathers! Fathers!’ ‘The apostle St. Paul annihilates 
with a thunderstorm from heaven all these fooleries of 
Henry.’’ His principal work, however, during these 
years was the publicagion of certain short tracts upon 
worship and its reform, followed by various directories 
for public worship, which afterwards served as a model 
for the numerous Lutheran Church ordinances. In 
1522, while Luther was still in the Wartburg, Carl- 
stadt had published for the church at Wittenberg an 
ordinance for directing the government and worship 
of the church. 
ary (cf. Richter’s Moangel. Kirchenordnungen, vol. ii. 

. 484). This was withdrawn after Luther's return; 

ut the Reformer felt that the time had come for a 


definite reform of public worship and for publishing | 


his views upon the subject. Accordingly, after a series 
of tracts in 1522 upon religious and monastic vows, 
the abolition of private masses, the Lord’s Supper 
under both forms, saint worship, the so-called spiritual 
estate, and the married life, he published in 1523 7’he 
Order of the Worship of God. He was, as usual, 
conservative, and a as few changes as possible in 
the form of service, caring only to give full place to 

rayer and the reading and preaching of the word. 

he order of worship was followed by the Formula 
Missce, published in Latin, but at once translated into 
German by Paul Speratus, in which the ancient form 
was as much preserved as is consistent with evangeli- 
cal doctrine. Luther was of opinion that the more diffi- 
cult introits should be removed from the order of the 
Eucharist, and simpler hymns put in their place, and 
he also was strongly in favor of the singing of hymns 
in the common worship. This led to the publication 
in 1524 of a small collection of church hymns, which 
was Luther’s first German Chirch Hymn-Book, and 
which was the beginning of the wonderfully rich 
German Protestant hymnology. In the same year 
Luther translated the order of baptism, and published 
it under the title of Dus Tuuf-Biichlein. He also 
drew up a directory for public worship for Leissnig (cf. 
Richter, op. cit., vol. i.). The hymn-book was followed 
by a prayer-book, and by the publication of a short 
summary of the heads of Christian truth fitted for the 
Luther’s 
catech'sm for children completed this series of works, 
intended to aid worship, public and private. Notwith- 
standing this immense amount of literary work, Luther 
found time to make preaching tours, and visited in 
this way Altenburg, Zwickau, Kilenburg, Erfurt, Wei- 
mar, and many other places, and was cheered by the 
progress of the Reformation throughout North Ger- 
many. About this time also he sent a powerful address 
to the municipal councils of the German towns, exhort- 


them the famous Contra Henricum regent | 
Anglice, in which, after having dealt mercilessly with | 


It was very brief, but very revolution- | 


lod 
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ing them to establish everywhere Christian schools, 
both elementary and secondary. ‘‘Oh my dear Ger- 
mans,’’ he exclaimed, *‘the divine word is now in 
abundance offered to you. God knocks at your door ; 
open it to Him! Forget not the poor youth. . . 
The strength of a town does not consist in its towers 
and buildings, but in counting a great number of 
learned, serious, honest, and well-educated citizens.’’ 
He tried to impress upon them the necessity for the 
highest education, the knowledge of Greek and Hebrew, 
by showing how serviceable such learning had been 
to him in his attack upon the abuses of Rome. He 
also appealed to the princes and cities to help the gos- 
pel and the Reformed ehurches; but church rule and 
church maintenance could not be fixed on a legal basis 
until much later. , 

Here we conclude this first glorious period of Lu- 
ther’s life. ‘The problem to be solved was not to be 
solved by Luther and by Germany; the progressive 
vital element of reformation passed from Germany to 
Switzerland, and through Switzerland to lrance, Hol- 
land, Kngland, and Scotland. Before he descended 
into the grave, and Germany into thraldom, Luther 
saved, as much as was in him, his country and the 
world, by maintaining the fundamental principles of 
the Reformation against Melanchthon’s pusillanimity ; 
but three Protestant princes and the free cities were 
theleaders. The confession was the work of Melanch- 
thon; but the deed was done by the laity of the 
nation. ‘The German Reformation was made by a 
scholastically trained monk, seconded by professors; 
the Swiss Reformation was the work of a free citizen, 
an honest Christian, trained by the classics of antiquity, 
and nursed in true hard-won civil liberty. Luther's 
work was continued, preserved, and advanced by the 
work of the Swiss and Irench Reformers. ‘he monk 
began; the citizen finished. Ifthe one destroyed Ju- 
daism, the other converted paganism, then most pow- 
erful, both as idolatry and as irreligious learning. But 
as long as Luther lived he did not lose his supremacy, 
and he deserved to keep it. His mind was universal, 
and therefore catholic in the proper sense of the word. 

Third Period (1525-1546).—In this third period the 
epic of Luther’s life was changed into tragedy; the 
revolt of the knights under Sickingen, the Anabaptist 
tumults, and the peasants’ war in the Black Iorest 
alienated the sympathies of many from the Reforma- 
tion, and resulted in a divided Germany (see vol. x. p. 
447, vol. i. p. 690). From Sickingen’s rising Luther 
sedulously kept himself aloof, but the in- 
surgent had more than once proclaimed Boyer 
himself on Luther's side, and that was ee Rea: 
enough to make many of the princes resolye 
to have nothing todo with reform. The convention of 
Ratisbon was the result of Sickingen’s abortive revolt. 
The Anabaptists have to do with Luther's history 
mainly in so far as his contact with them 
modified and gaye final shape to his doc- 
trine of baptism. In his tract on the Sae- 
rament of Baptism, 1519, Luther distinguishes carefully 
between the sign and the thing signified. The ordi- 
nance is just the sign, the thing signified is the death 
to sin, the new birth, and a new life in Christ. This 
new life goes on here on earth, so does the death to 
sin. Believers die daily to sin, not once for all in bap- 
tism, and their life in Christ is not a full life whilst 
earth's life lasts; and so baptism is merely a sign of 
what is never really accomplished till after death. In 
the Babylonian Cuptivity of the Charch of Glod, 1520, 
Luther adopted a view not unlike Calvin’s. He said 
that God's word was always more than a statement, 1b 
was also a promise. Baptism was therefore a seal or 
pledge, a promise that what was signified by the ordi- 
dance would be bestowed. Only unbelief can rob the 
baptized of the benefits of their baptism and make the 
ordinance of none effect. But after Luther came in 
contact with the Anabaptists he departed from this 
simple theory, for he thought that he could not justify 
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infant baptism upon it, and so in his Sermon on Bap- 
tism, 1535, he introduced a third theory, which ap- 
proached much nearer to medizval views. He, ex- 

lained that in the ordinance of baptism God through 
EBS word go works on the water in the sacrament that 
it is no longer mere water, but has the power of the 
blood of Christ in some mysterious fashion. Luther 
then asked if faith was required for the worthy par- 
taking of the sacrament, and he felt obliged to confess 
that the faith of the recipient was not needed. ‘This 
sermon marks Luther's reaction towards ideas he had 
abandoned in 1519-20. 

More important was the connection between the 
Lutheran movement and the peasant re- 
volt. The first coalitions of the peasants 
against the intolerable rapacity and cruelty 
of the feudal aristocracy had begun before the close of 
the 15th century. But all the oppressed inclined to- 
wards Luther, and the oppressors, most of whom were 
sovereigns, bishops, and abbots, towards the pope. 
The strugele in the peasants’ war was really between 
the reforming and the papist party, and it could easily 
be seen that Luther would be dragged into it. As 
early as January, 1525, the revolutionary movement 
had extended from the Black Forest into Thuringia 


Peasants’ 
war. 


and Saxony, and the peasants were eagerly looking to | 


Luther for help. The more moderate party published 
their programme in twelve articles, with a very re- 
markable preface, in which they stated that they did 
not wish for war, and asked nothing that was not in 
accordance with the gospel. These articles were the 
following: —(1) the ms congregation to 


worthy, to dismiss him; (2) the great tithe, 7e., the 
legal tithe of corn, to be still payable for the mainte- 
nance of the pastor, and what is over to go to support 
the poor; the small tithes to be no longer payable; 
(3) serfdom abolished, since Christ has redeemed us 
all by His precious blood; (4) game, fish, and fowl to 
be free as God created them; (5) the rich have ap- 
propriated the forests, this to be rearranged; (6) com- 
pulsory service to be abolished—wages for work; (7) 
peasant service to be limited by contract, and work 
done above contract to be paid for; (8) fair rents; (9) 
arbitrary punishments abolished; (10) the commons 
restored; (11) the right of heriot, ze, the right of the 
lord to take the vassal’s best chattel, to be abolished ; 
(12) all these propositions to be tested by Scripture, 
and what cannot stand the test to be rejected. 
impartial historians have declared that their demands 
were on the whole just, and most of them haye become 
law in Germany. ‘The words of Scripture brought for- 
ward by the peasants prove clearly that Luther's preach- 
ing of the gospel had acted, not as an incentive, but 
as a corrective. The peasants declared their desire to 


have | 
power to elect their minister, a re was found un- | 
er to elect their minister, and if he was found ur 
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he told them that they must not refuse the peasants’ 
demands to choose pastors who would preach the gos- 
pel, and when he said that the social demands of the 
peasants were just, and that good government 
was not established for its own interest nor to 
make the people subservient to caprice and_ evil 
passion, but for the interest of the people. ‘‘ Your 
exactions are intolerable,’’ he said, ‘‘ you take away 
from the peasant the fruit of his labor in order to spend 
his labor upon your finery and lJuxury.’”’ He was 
courageous enough also in asking the peasants to re- 
frain from violence, and in telling them that they 
would put themselves in the wrong by rebellion. But 
what Luther did not see was that the time for good ad- 
vice had gone by, and that he had to take his stand on 
one side or the other. He trusted too much in fine 
language. His advice that arbiters should be chosen, 
some from the nobility and some from towns, that both 
parties should give up something, and that the matter 
should be amicably settled by human law, came ten 
months too late. The bloody strugele came; the 
| stream of rebellion and destruction rolled on to Thur- 
ingia and Saxony, and Luther apparently lost his head, 
and actually encouraged the nobles in their sanguinary 
suppression of the revolt, in his pamphlet. entitled 
Against the Murdering, Robbing Rats of Peasants 
| where he hounds on the authorities to ‘‘ stab, kill, and 
strangle.” The princes leagued together, and the 
peasants were routed everywhere. One army, with 
neither military arms nor leaders, was utterly routed 
at Frankenhausen, another in Wiirtemberg. Jifty 
thousand were slain or butchered by wholesale execu- 
tions. Among this number many of the quietest and 
/and most moderate people were made victims in the 
| general slaughter, because they were known or sus- 
pected to be friends of the Reformation and of Luther, 
which indeed all the citizens and peasants of Germany 
|were at that time. None felt more deeply, when it 
was too late, this misery, and what it involved in its ef- 
fects on the cause of the gospel in Germany, than 
| Luther; and he never recovered the shock. He thus 
unburdens his soul at the close of this fatal year, which 
crushed for centuries the rights and hopes of the peas- 
ants and laborers, and weakened the towns and cities, 
the seats of all that was best in the national life,— - 
“The spirit of these tyrants is powerless, cowardly, 
estranged from every honest thought. They deserve 
to be the slaves of the people;’’ and in the next year 
‘“‘T fear Germany is lost; it cannot be otherwise, for 
| they will employ nothing but the sword.”’ 

| The prospect was dark enough for the Reformer. 
| Ferdinand of Austria and the duke of Bavaria were 
imprisoning and slaying Christians on account of the 
The emperor, fresh from his victory at Pavia, 
/and the pope were combining to crush the Reforma- 


uphold the injunctions of the gospel, peace, patience, | tion, and it was rumored that the kings of France and 
and union. Like the Puritans in the following century, | Kngland were to lend their aid. The convention of 
the peasants say that they raise their voice to God who | Ratisbon had resulted in a Roman Catholic league in 
saved the people of Israel; and they believe that God | which Duke George of Saxony, Albert elector-arch- 
can save them from their powerful oppressors, as he | bishop of Mainz, and the duke of Brunswick were the 
did the Israelites from the hand of Pharaoh. Luther) leaders. Luther also found that the war had de- 
evidently felt himself appealed to. The crisis was diffi- | moralized the Protestant congregations, and that they 
cult, and, in spite of what has been said in his defence, | were becoming ignorant and savage. And in’ May, 
he failed, as he failed afterwards in the conference with | 1525, the elector I’rederick died. 

the Swiss deputies at Marburg. Had Luther thrown! It was under such auspices that Luther decided at 
the weight of his influence into the peasants’ scale, last to take a wife, ashe had long ad- 
and brought the middle classes, who would certainly | vised his friends among the priests and 
have followed him, to the side of the peasants, a peace-| monks to do. He married Catherine von 
ful solution would in all probability have been arrived | Bora, a lady twenty-four years of age, of a noble Saxon 
at, and the horrors of the massacre averted. But family, who had left her convent together with eight 
Luther, bold enough against the pope or the emperor, | other sisters in order to worship Christ without the 
never had courage to withstand that authority to oppression of endless ceremonies, which gave neither 
which he was constantly accustomed, the German light to the mind nor peace to the soul. The sisters 
prince. He began by speaking for the peasants in his had lived together in retirement, protected by pious 
address to the lords, and had courage enough to tell citizens of Torgau. Luther married her on June 11, 
them some plain truths, as when he said that some of | 1525, in the presence of Lucas Cranach and of another 
the twelve articles of the peasants are so equitable as’ friend as witnesses. Catherine von Bora had no dowry, 
to dishonor the lords before God and the world, when and Luther lived on his appointment as professor ; he 
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would neyer take any money for his books. His mar- 
riage was a happy one, and was blessed with six child- 
ren. He was a tender husband, and the most loving 
of fathers. In the close of the year 1525 Luther was 
engaged in controversy with Erasmus on the freedom 
of the will. 

The princes who were friendly to the Reformation 
gradually gained more courage. The elec- 


Progress f 5 ete 
of the tor John of Saxony established the princi- 
Reforma- ple in his state that all rites should be abro- 


gated which were contrary to the Scriptures, 
and that the masses for the dead be abolished at 
once. The young landgrave Philip of Hesse gained 
over the son of the furious Duke George to the cause 
of the Reformation. Albert, duke of Prussia, had es- 
tablished it at Kénigsberg, as hereditary duke, abol- 
ishing the vows of the order whose master he had been, 
saying :—‘‘ There is only one order, and that is Chris- 
tendom.’’ At the request of the pope, Charles placed 
Albert under interdict as an apostate monk. 
_ evangelical princes found in all these circumstances 


a still stronger motive to act at Augsburg as allies | 
in the cause of the evangelical party ; and when the. 


diet opened in December, 1525, they spoke out boldly : 


—‘‘Tt is violence which brought on the war of the | 


peasants. 


If you will by violence tear the truth of} 


God outof the hearts of those who believe, you will | 


draw greater dangers and evils upon you.”’ The Ro- 
manist party was startled. ‘‘The cause of the holy 
faith’? was adjourned to the next diet at Spires. The 
landgrave and the elector made a formal alliance in Feb- 
ruary, 1526, at Torgau. 

Luther, being consulted as to his opinion, felt help- 
less. ‘‘ You have no faith ; you put not your trust in 
God ; leave all to Him.”’ The landgrave, the real head 
of the evangelical alliance, perceived that Luther's ad- 
vice was not practical—that Luther forsook the duty 
of self-defence and the obligation to do one’s duty ac- 


cording to the dictates of reason, in religious matters as | 


well as in other political questions. But the alliance 
found no newfriends. Germany showed all her misery 
by the meanness of her princes and the absence of any 
great national body to oppose the league formed by the 
ope, the emperor, and the Romanists throughout 
Hurope. The archbishop of Treves preferred a pen- 
sion from Charles to the defence of the national cause. 
The evangelically-disposed elector of the palatinate de- 
sired to avoid getting into trouble. The imperial city 
of Frankfort, surrounded by open enemies and timid 
friends, declined to accede to the alliance. There was 
more national feeling and courage in the Anglo-Saxon 
north of Germany. ‘The princes of Brunswick, Lux- 
emburg, Mecklenburg, Anhalt, and Mansfeld assem- 
bled at Magdeburg, and made a solemn and heroic 
declaration of their resolution ‘‘ to pledge their estates, 
lives, states, and subjects for the maintenance of the 
holy word of God, relying on Almighty God, as whose 
instruments they would act.’’ The town of Magdeburg 
(which then had about three times as many inhabi- 
tants as now) and Duke Albert of Prussia adhered to 
the alliance. ‘The league doubled its efforts. Charles, 
strong and rendered safe by the peace of Madrid con- 
eluded with Francis, sent word from Seville in March, 
1526, through the Romish Duke Henry of Brunswick, 
that he would soon come himself to crush the heresy. 
Luther saw the dangers crowding around him ; his ad- 
vice was,—‘‘ We are threatened with war; let us force 
our enemies to keep the peace, conquered by the Spirit 
_of God, before whose throne we must now combat with 
the arms of prayer; that is the first work to be done.” 
The emperor commissioned his brother Ferdinand to 
preside at the diet of Spires and carry out his 
1596, Wishes. But before the diet met Francis and 
* the pope had formed a league against him, 
and Charles had commissioned Count Frundsberg to 
levy an army of Germans to fight against the pope, while 
Ferdinand was called to Hungary to maintain against 
the Turks and others the kingdoms of Hungary and 
~ Von, XV.—688 
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Bohemia, bequeathed to him by King Louis after the 
battle of Mohaez. When the diet at Spires met (June, 
1526), after some deliberation a proposition presented 
by the free cities was accepted that until a general 
council met ‘‘every state shall live, vule, and bear it- 
self as it shall be ready to answer for to God and his 
imperial majesty,’’—a decision which foreshadowed the 
famous Augsburg formula ewus regio ejus religio, the 
principle on which the German Protestant church was 
afterwards legally based. The Reformation had thus 
the three years, 1526-1529, to organize and consolidate 
itself. The man of Germany at that time among the 
princes was Philip, landgrave of Hesse, and he was 
taught what to do by a citizen James Sturm, the dep- 
uty of Strasburg at Spires. Sturm had convinced 
Philip that the basis of the true evangelical church was 
the acknowledgment of the self-government of the 
church by synods composed of the representatives of the 


ie whole Christian people; and this was embodied in the 
‘he | 


first Protestant constitution, the /eformatio ecclesi- 
arum Lassie jucta certissimam sermnonum Dei regu- 
lam ordinata.! The constitution acknowledged the 
episcopal element, but not episcopal rule; the jus epis- 
copale was invested in the Christian community, and 
the flock of Christ were to hear only the voice of their 
shepherd Christ. Bishops and deacons were to be 
elected by the Christian people; bishops were to be 
consecrated by imposition of the hands of three bishops, 
and deacons instituted by the imposition of the hands 
of elders; while elders were associated with the pastors 
in the pastoral care of the congregation. A general or 
land synod was to be held annually, consisting of the 
pastor of each parish and of pious men elected from the 
various congregations, and ne were provisions made 
for provincial and congregational synods. Three men 
were to be elected annually to exercise the right of 
visitation. ‘This was afterwards found to be inconve- 
nient, and six and then thirteen superintendents for 
life were substituted. This board of superintendents 
became afterwards an oligarchy, and at last a niere in- 
strument of state, overriding the original democratic 
constitutions of the church, a consequence of the dis- 
ruption of Germany and of the paralysis of all national 
institutions. Luther had in 1523 and 1524 professed 
principles almost identical with those established in 
1526 in Hesse. His action ceased there; atier the 
peasants’ war he abandoned his more liberal ideas, and 
insisted on leaving everything to the princes, and 
what could a people do cut up into four hundred sov- 
ereignties? Luther never acknowledged Ceesaropapism 
or Erastianism as a principle and as aright. He con- 
sidered the rights of the Christian people as a sacred 
trust provisionally deposited in the hands of the princes 
their representatives. ‘‘ Where,’ he asked, ‘‘ are the 
people to form the synods? I cannot find them.” It 
was Melanchthon’sinfluence that facilitated the despotie 
system and hampered the thorough reform of the forms 
of worship. Luther withdrew from a sphere which he 
felt was not his. He busied himself during these years 
with plans to improve and simplify the church services 
at Wittenberg. Some portions of the music in the 
communion service were too difficult for the people. 
Luther induced the elector to provide music teachers, 
and also to permit a simpler service. This led to the 
German Mass and Order of Worship for Wittenberg. 
The churches too throughout electoral Saxony were be- 
coming better attended, and Luther had to consider 
and devise plans for church extension and supervision. 
His letters to Philip of Hesse, disapproving of the new 
constitution of the church there, show how jealous he 
had become of the entrance of democratic ideas. He 
asked the elector of Saxony to take charge of the 
church within his dominions, and Melanchthon’s arti- 
cles for the visitation of the churches in Saxony, which 
foreshadowed the Lutheran consistorial organization, 
show that Luther distinctly contemplates the transfer 


1 See Richter, Evang. Kirchenordnungen, i. p. 56; and Lechler, 
Gesch. d. Presb, u. Synod. Verfassung, p. 14, 
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of the jus episcopale to the princes and magistrates. It 
is true that he called these magistrates Nothebischife, 
but he could not see any other solution of the difficulty, 
and undoubtedly from the legal- point of view it was 
easy to transfer the right of supervision from one ex- 
ternal authority to another, and difficult to hand it 
over from the bishops to the congregation. The new 
ecclesiastical organization adopted in Hesse and elec- 
toral Saxony had the effect of making the archbishop 
of Mainz renounce in 1528 the spiritual jurisdiction he 
had hitherto exercised over these two districts. 

Meanwhile the emperor had been again successful in 
his political schemes. His German army 
under the Constable Bourbon and General 
Frundsberg had seized upon Italy and had 
sacked Rome, and again he had brought the pope and 
Francis to terms. It only remained to subdue the 
Reformation, and the mediwval empire might be re- 
stored. He first sent a dispatch saying that the edict 
of Worms was to be held as in force. hen the diet 
met at Spires in 1529, the imperial commissioners for- 
bade the celebration of worship according to the re- 
formed usage in churches, and afterwards in the houses 
of the elector and of the laridgrave. The Act of Tol- 
eration of 1526 was to be abrogated. The diet ap- 
peared to be hopelessly divided, a majority with the 
emperor and a minority with the elector and the land- 
grave, and the majority passed an edict which amount- 
ed to this that where the edict of Worms could not 
be executed without fear of revolution no further 
reforms were to be allowed. The minority prepared a 
protest. ‘‘The diet has overstepped its authority,”’ 
The protest they said; “‘our acquired right is that the 
and Protest- decree of 1526, unanimously adopted, re- 
antism. mains in force until acouncil can be con- 
vened. Up to this time the decree has maintained the 
peace, and we protest against its abrogation.’’ Terdi- 
nand, who represented his brother, assured the princes 
that nothing remained for them but to submit; he 
threatened the free cities with the loss of their privileges 
and with an interdict, and he left the diet while the 
evangelical members were deliberating. In spite of 
these threats the protest was signed by John of Sax- 
ony, George of Brandenburg, Ernest of Liineburg, 
Philip of Hesse, and Wolfgang of Anhalt among the 
princes, and by the representatives of the free cities 
of Strasburg, Nuremburg, Ulm, Costnitz (Constance, ) 
Lindau, Memmingen, Kempten, Nordlingen, Heil- 
bronn, Reutlingen, Isny, St. Gall, Weissenburg, and 
Windsheim. This celebrated protest of April 15, 1529, 
from which comes the name Protestant, is one of the 
noblest documents of Christian history. The protest- 
ing princes and cities claimed as their right as Ger- 
mans the sacred duty freely to preach the word of 
God and the message of salvation, that all who would 
hear it might join the community of believers. It was 
also an earnest of true evangelical union; for it was 
well known that most of the cities were more inclined 
towards Zwingli’s than towards Luther’s view of the 
sacrament. 

If this great act be considered impartially, it is im- 
possible not to see that neither Luther nor Melanch- 
thon was the real leader of the time. Luther had no 
real comprehension of what had to be done in Germany 
to preserve the gospel from destruction. He had 
shown little sympathy with the first attempt made in 
Hesse at the self-government of the church; still less 
did he see the importance of the protest at Spires, and 
of the unity it gave to the evangelical cause. It was 
evident that nothing but the inroad of the Turks had 
saved the Protestant princes after the diet, and that 
Charles was so far master of Germany as to make it 
impossible for Germany to become a _ Protestant 
nation. The Protestants were lost unless they strength- 
ened the alliance which they had just founded at 
Spires. But Luther disliked such alliances; he dis- 
suaded the elector from sending deputies to the meet- 
ing agreed to be held at Smalkald, and when the Saxon 
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deputies prevented any business being done he was 
proud of the result. This apparent blindness and per- 
version of mind requires explanation. Juther lived 
under the shadow of the Middle Ages, and had been 
trained in scholastic law as well as in scholastic 
theology. To the mediaeval jurist the emperor 
was the impersonation of all social order and moral 
law; he was the vicar of God. In the later Middle 
Ages the jurists had exaggerated this sacredness of 
the emperor, and had done so quite naturally in 
order to protect civil law from canon law, and to 
uphold the state against the church. Luther could 
throw off scholastic theology, but he could not 
throw off that scholastic jurisprudence that all his 
medieval heroes, Oceam, Wickliffe, and Huss had 
found so useful in their attacks on the papacy, and 
that Luther himself had found so serviceable when he 
appealed from the church defined by the pope to the 
church defined by the empire. He could not bear to 
think of an alliance against the holy Roman empire. 
Luther too had been trained in the school of Tauler 
and the Vheologia Germanica and partook greatly of 
their quietism. ‘‘ Suffer God to do His work in you 
and about you’’ was their motto. There was a theo- 
logical scruple also at the bottom of Luther’s opposi- 
tion to a vigorous Protestant alliance and a national 
attitude. This betrayed itself, first, in an uneasiness 
about Zwingli’s rising influence in Germany, and, 
secondly, as a doctrinal idiosynerasy respecting the 
sacrament of the Eucharist. Philip of Hesse saw 
through this instantly, and said, ‘‘I see they are 
against the alliance on account of these Zwinglians ; 
well, let us see whether we cannot make these theo- 
logical differences disappear.”’ 

When Luther was raised above himself by the great 
problem before him in that glorious period yytner ana 
of action from 1518 to 1524, he ba con- Zwingli on 
sidered the sacrament as a part of the ser- ie Eucha- 

Sen ars st. 

vices of the church, and a secondary mat- 

ter compared with the right view of faith or the inward 
Christianity which implies necessarily an unselfish be- 
lieving and thankful mind. He was convinced that 
there was no virtue inherent in the elements apart from 
the communion, and it was a matter indifferent how 
the spirituality of the action and the real presence, 
even the transubstantiation, might be reconciled with 
faith. But the peasants’ war and Carlstadt’s mystical 
enthusiasm alarmed him. Where was this to lead to, 
he asked, and he seems to have settled down into a 
great resolve to abide by the tradition of the church 

and alter as little as possible provided room was found 
for the exercise of living faith. So when he felt called 
upon to form a theory of the doctrine of the sacrament 
of the Eucharist he went back to his scholasticism to 
find there some theory which should be traditional and 
yet afford room for the spiritual priesthood of all be- 
lievers, and for the exercise of faith on the promises 
of God. He found it in the writings of that school- 
man whom he more than once calls “‘ his dear master,’”’ 
the daring Englishman William of Occam. Transub- 
stantiation, the Romish doctrine, offended Luther in 
his two essential requirements: it demanded a miracle 
which could be performed by a priest only, and this 
miraculous power so separated clergy from laity that 
it denied the spiritual priesthood of all believers; and, 
when the elements had been made by the priest’s 
creating word the body and blood of the Lord, their 
supernatural efficacy, apart from the faith of the com- 
municant, imparted grace. Occam had championed a 
theory which in some form or other had been in the 
church since the 10th century at least, and which 
openly rejected one of these stumbling blocks, and, as 
Luther saw, really did away with the other also. Ac- 
cording to Occam’s scholastic distinctions, matter can 
be present in two ways—(1) when it occupies a distinct 
place by itself, excluding every other body, e.., two 
stones mutually exclude each other, and (2) when it occu- 
pies the same space as another body at the same time. 
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Everything which is omnipresent or ubiquitous must 
be able to occupy the same space as other things, else 
it could not be ubiquitous. Christ’s resurrection body, 
said Occam, had this power when our Lord appeared 
among His disciples while they were in a room with 
the doors shut; at a certain moment of time it and a 
portion of door or wall must have been in the same 
place at the same time; and besides Christ’s body is 
ubiquitous. It is therefore in the elements bread and 
wine, in, with, and under them. Luther took over 
this doctrine from Occam without alteration. The 
very illustrations he uses in his Bekenntniss vom 
“Abendmahl are taken almost verbatim from Occam, 
De Altaris Sacramento. From this it followed that 
consubstantiation involved no miracle. Christ’s body 
was not brought into the elements by the priest ; it was 
there naturally. But its presence in these elements 
on sacramental occasions brought with it a blessing, 
and imparted grace, not because of the presence, but 
because God had promised that this particular presence 
of the everywhere present body of Christ mia bring 
blessings to the faithful partaker. Occam’s theory of 
consubstantiation fulfilled all Luther’s wants, and above 
all it involved no explaining away of the plain mean- 
ing of the sentence, ‘‘ This is my body,’’ such as had 
offended him in Carlstadt. It is easy to see therefore 
how Luther was alarmed at Zwingli. The Swiss Re- 
former seemed to attack everything that Luther prized. 
He did not care for tradition or church usage; he 
seemed engaged in a rationalistic attack on the pres- 
ence of Christ in the Church, and on the word of God, 
and so he was guilty, in Luther’s estimation, both of 
self-confidence and of a rationalism. On the other 
‘hand, Zwingli could not understand what Luther 
meant; and yet he was anxious to unite with him, 
and was willing to leave this one difficulty an open 
question. It was in these circumstances—suspicion 
on the part of Luther, blank amazement on the part 
of Zwingli—that Philip of Hesse induced the Swiss and 
the German theologians to meet at Mar- 
burg. Luther was gloomy and suspicious, 
“fas he had never been seen before,’ a 
friend said. The frank declarations of the Swiss Re- 
formers soon cleared away all shadows of difference 
and dissent on all points but one, and fourteen articles 
defining the chief heads of Christian doctrine were 
adopted by both parties. Then came the discussion 
on the fifteenth, the doctrine of the Eucharist. Luther 
took a piece of chalk and wrote upon the table oe est 
corpus meum, and when worsted in argument, as he 
usually was, appealed to the sentence. The discussion, 
which lasted four days, however, resulted in the 
parties me geting exactly where the point of differ- 
ence lay, and in reducing it to its smallest dimensions. 
_ Both declared that they agreed in recognizing the 
Eucharist to be a sacrament of the true body and blood 
of Christ, and that a spiritual partaking of this body 
was a means of grace. They differed whether the true 
body and blood of Christ were corporeaily in the sacra- 
ment. It was hoped that time would bring about 
alliance if not agreement, but Luther was obstinate. 
‘‘Submit yourselves, believe as we do, or you cannot 
‘be acknowledged as Christians.’’ He refused Zwingli’s 
hand; ‘‘You have another spirit from us,’’ he said, 
meaning that there was no objective basis of faith be- 
tween them owing to what he thought to be Zwingli’s 
rationalism. The result was a sad one, but Zwineli 
was to some extent a gainer; his view became natural- 
~ized in Germany, where Swabia adopted it, as did 
many of the imperial cities, and Philip of Hesse indi- 
cated that he preferred it. 

The Marburg conference was a sad prelude to the 
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Diet of decisive diet to be held at Augsburg in 
Augsburg 1530. ‘The new diet was anxiously awaited. 
Augsburg Charles had made known his intention to 


confession. ye present, and that he intended to enforce 
obedience to the edict of Worms. He entered Augs- 
burg with great magnificence, and was in fact at the 


‘statement of their doctrines. 
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zenith of his power. He had broken the might of 
France, humbled the papacy, been crowned at Bo- 
logna, reorganized Italy, and driven back the Turk. 
His only remaining task, and it seemed easy, was to 
crush the Reformation. He first summoned before 
him the protesting princes and asked them to with- 
draw the protest. This they refused to do; they had 
a clear constitutional right, founding on the decision of 
Spires, to resist the emperor, and they resolved to 
exercise it. Divine service after Lutheran fashion was 
held at their quarters, and they refused to join in the 
procession of the host at the festival of Corpus 
Yhristi. Meanwhile Luther, Melanchthon with him, 
was at Coburg, near enough at hand for consultation 
and yet beyond the Emperor’s reach. Melacchthon 
was preparing a confession with a defence, the so- 
called Apology, in case the emperor should require a 
Luther was writing 
commentaries on the Psalms and the prophets, and 
was also preparing a popular edition of 4sop’s Mubles. 

e also wrote comforting letters to the elector, and 
addressed one of his most powerful writings to the 
Roman Catholic clergy assembled in the diet at Augs- 
burg. Melanchthon was'sent for to consult about the 
confession which the emperor had asked for, and 
Luther remained alone at Coburg full of anxiety, for 
he knew his friend’s helplessness in the actual bustle 
of life. When Melanchthon got to Augsburg he really 
became a scource of weakness. He induced the elector 
for the sake of peace to give up the services in the 
Franciscan church, and the Protestant preachers left 
the town in despair. Luther all the hile had been 
quiet, waiting in patience; but this was too much for 
him, and he wrote to encourage the elector to resist. 
At length the Protestants were asked to present their 
confession. The emperor ordered it to be read in 
Latin. ‘‘No,’’ said the elector, ‘‘ we are Germans 
and on German ground. I hope therefore your 


majesty will allow us to speak German.”? When 
the vice-chancellor of the elector, Dr. Christian 
Baier, had read the first part of the confes- 


sion, which expounds the principles of the Ref- 
ormation, and in particular the doctrine of justi- 
fication by faith, ‘‘that faith which is not the 
mere knowledge of an historical fact, but that which 
believes, not only the history, but also the effect of 
that history upon the mind,” it is said that an inde- 
scribable effect was produced upon the assembly. ‘The 
opponents felt that there was a reality before them 
which they had never imagined ; and others said that 
such a profession of faith by such princes was a more 
effectual preaching than that which had been stopped. 
“ Ohrist,’’ said Jonas, ‘‘is in the diet, and he does 
not keep silence; the word of God is indeed not to be 
bound.’ The Roman Catholic theologians present 
answered the confession, and then the emperor 
engaged Protestant and Roman Catholic theologians 
in negotiations in which Melanchthon soon showed his 
yielding character, even granting that the Protestants 
might acknowledge the jurisdiction of the bishops and 
the supremacy of the pope. At this critical moment 
Luther’s indignation found yent. ‘‘I wnderstand,”’ 
he wrote to Melanchthon, ‘‘ that you have begun a 
marvellous work, to make Luther and_ the pope 
agree together, but the pope will say that he will not, 
and Luther begs to be excused. Should you, how- 
ever, after all succeed in your affair, I will follow your 
example and make an agreement between Christ and 
Belial. Take care that you give not up justification 
by faith ; that is the heel of the seed of the woman 
to crush the serpent’s head. Take care not to acknowl- 
edge the jurisdiction of the bishops; they will soon 
take all. In short, your negotiations have no chance 
of success unless the pope will renounce papacy.’ 
The Romanists fortunately demanded too much. Not 
even Melanchthon could yield the acknowledgment 
of private masses, of auricular confession, and of the 


meritorious character of good works; and the negotia- 
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tions ceased. While they were in progress the 
emperor tried to intimidate the princes by calling the 
imperial troops into’ the free city of Augsburg and 
closing the gates. The landgrave escaped, and this 
frightened the Catholics. Unfortunately the Protest- 
ants had confessed their want of union by presenting 
three confessions of faith:—the Lutherans had pre- 
‘sented the Augsburg confession; Strasburg, Con- 
stance, Memmingen, and Lindau, which sympathized 
to some extent with Zwingli, presented the anfassio 
Tetrapolitana; and Zwingli had sent a confession 
which was not, however, laid before the diet. The 
diet broke up with the final decision that the Protest- 
ants should have till next spring to consider whether 
they would voluntarily return to the church, and that, 
if they proved obstinate, then measures would be 
taken for their extermination. 

To the student of Luther’s life the diet of Augs- 
burg is noteworthy chiefly because it was the occasion 
of the composition of the Augsburg confession, or 
Augustana, which afterwards became the symbol or 
confession of faith for the Lutheran Church. It was 
prepared by Melanchthon, founding on the fifteen 


articles of the Marburg conference, on the seventeen | 


articles of Schwabach, and on the articles of Torgau. 
These various sets of articles had been written by 
Luther, and therefore the Augsburg confession was 
strictly Luther’s own. It consists of two parts—one 
dogmatic, in twenty-one articles, which states the prin- 
cipal doctrines of the evangelical church, beginning 
with the Trinity and ending with the worship of 
saints; and the other in seven articles, rejecting the 
celibacy of the clergy, the sacrifice of the mass, auric- 
ular confession, ceremonial feasts and fasts, monastic 
vows, and the secular jurisdiction of bishops. It was 
signed at Augsburg by John of Saxony, George of 
Brandenburg, Ernest of Liineburg, Philip of Hesse, 
and Wolfgang of Anhalt, and by the representatives 
of the towns of Nuremberg and Reutlingen, and dur- 
ing the sitting of the diet by the representatives of 
Kempten, Heilbronn, Windsheim, and Weissenburg. 

The edict of the diet was published on November 19, 
and the Protestant princes, after having 
overcome the resistance of Luther, met for 
conference at Smalkald on Christmas, 1530, 
and formed an armed league for mutual defence. It had 
been declared that the edict would be put into execu- 


Smalkald 
league. 


tion in the spring of 1531, but when the time came the | 


emperor had other work on hand: France had become 
troublesome, and the 'l'urks were again moving. He 
found also that he could not count on the support of 
the Roman Catholic princes in the suppression of the 
Protestants. In presence of danger the Zwinglians 
and Lutherans showed a united front, and the Smal- 
kald league grew to be a formidable power. The em- 
peror resolved to come to terms with his Protestant sub- 
jects, and the result was the religious peace or rather 
truce of Nuremberg, which left things as they were 
until a general council should settle matters. The 
years following this peace of Nuremberg were compara- 
tively prosperous to the Reformation. The Smalkald 
league was the only organized power in Germany, and 
very effectually prevented the oppression of Protes- 
tants by Roman Catholics. Year by year their num- 
bers increased, and Luther saw the evangelical cause 
prospering. First, Wiirtemberg was won back for 
young Duke Christopher, who had become a Protes- 
tant, and found on his entry to his dukedow that his 
people were already secret Protestants. In northern 
and central Germany whole districts embraced the 
evangelical doctrines. 
ducal Saxony had received Protestant rulers, who found 
their people more than willing to accept the creed of 
their new sovereigns. At last the only large states 
that were able to maintain a firm front against the 
Lutheran doctrines were Austria, Bavaria, the Palatin- 
ate, and the great ecclesiastical provinces on the Rhine, 
and even in these regions visitations of the churches 


Electoral Brandenburg and | 
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had shown that the people were forsaking the old faith. 
It appeared that a more serious defection than any 
Aone atany moment be made. The elector-archbishop 
of Cologne showed signs of abandoning the Roman 
Catholie faith and secularizing his vast episcopal terri- 
tories, and this threatened defection made Charles 
bestir himself. If the elector became a Protestant the 
Lutherans would be in a majority in the electoral col- 
lege, and a Protestant emperor might be elected. 
During all these years Luther was quietly at work at 
Wittenberg, lecturing, preaching, aie writ- work of 
ing. At first he felt anxious lest civil war Luther's 
should break out, and he had scruples tt years. 
about many of the doings, and even about the very ex- 
istence, of that league which was really giving the land 
peace. Under Philip of Hesse the Reformation was 
assuming a national and political shape which alarmed 
Luther, who was more than ever content to keep out 
of public life and keep himself to his books. He began 
publchiog his lectures on various portions of Scripture, 
on the Epistle to the Galatians and on the Psalms of 
Degrees. He wrote one or two controversial tracts, 
mainly to show how the Reformed could not accept the 
conditions offered by the Roman Catholics at Augs- 
burg. In 1534, to his great joy, the first complete 
translation of the whole Bible was published, and next 
year appeared a new edition of the Wittenberg hymn- 
book, containing several new hymns. Philip of Hesse, 
notwithstanding the failure of the conference at Mar- 
burg, still thought that something might be done to 
remove the theological differences hotaeee Switzerland 
and Saxony, or at least between Swabia, Strasburg, 
and Wittenberg. The divines of Switzerland and of 
South Germany had by their publications made this 
somewhat easier. The confession of Basel, drafted by 
(Ecolampadius (1531), revised by Myconius, and pub- 
lished by the magistracy of Basel, had declared that 
in the Lord’s Supper Christ is the food of the soul to 
everlasting life, and Bucer and the other South-German 
divines were anxious for a union. Philip of Hesse, 
Bucer, and Melanchthon met in conference at Cassel 
to arrange preliminaries, not without suspicion on 
Luther's part, for he could not trust Melanchthon at 
a conference, and, as he remarked to Justus Jonas, he 
hated trimmers above all men on the earth’s round. 
The result, however, was better than he had hoped 
for. Bucer drew up a short confession which was to 
be submitted to the Wittenberg theologians, and was 
favorably received by them, and the South-German 
theologians were invited to a further conference at 
Wittenberg. ‘The meeting very fairly represented all 
the German states, and the result was the document 
known as the Wittenberg Concordia. This document, 
mainly drawn up by Bucer and Melanchthon, contains 
a statement of the doctrine of the sacrament of the 
supper expressed according to the Lutheran formula, 
with the declaration that unworthy or faithless par- 
takers really do not participate in the sacrament. e- 
lanchthon and Bucer had used too much diplomatic 
skill in drawing up the formula, for the essential dif- 
ferences between the Wittenberg and the Strasburg 
school were not really. faced and explained; they were 
covered over with ambiguous language. Nor could the 
document be accepted by the Swiss; but for a time it 
seemed as if a satisfactory basis of peace had been es- 
tablished. The general satisfaction was increased by 
the publication of the First Helvetic Confession, which, 
while stating the doctrine of the sacrament of the sup- 
per in a manner essentially Zwinglian, laid special em- 
phasis on the real spiritual presence of Christ in the 
elements. Juther in a letter to Meyer, burgomaster of 
Basel, and also in his answer to the Reformed cantons, 
acknowledged the earnest Christianity of the confession, 
and promised to do his best to promote union with the 
Swiss. It is sad to think that only three years later 
his old animosity to Zwingli and his countrymen broke 
out again in his book against the Turks, and that he 
renewed the sacramental controversy with even more 
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than the old fury in his Short Oonfession of the Holy 
Sacrament, published in 1544. This first Helvetic 
confession was drawn up, however, for another purpose 
than to appease the Wittenberg theologians. Charles 
V. was urging the pope to call a general council to end 
the disputes within the Christian church, and it seemed 
so probable that a council would meet that the Protest- 
ants were everywhere preparing themselves by doc- 
trinal statements for taking their share in its work. 
The German princes and their theologians were also 
greatly exercised about this council, and the thought 
of it and how Protestants should bear themselves in 
its presence was filling Luther’s mind. He wrote sev- 
eral short papers on the subject in the years 1534-39, 
beginning with the Convocatio Coneilii liberi and 
ending with Von den Conciliis und Kirchen. The 
pope, Paul IIT., yielding to the pressure of the em- 

eror and of such liberal Roman Catholics as Vergerius, 

is legate in Germany, called a council to meet in May, 
1537, at Mantua, and invited the Lutherans to be pres- 
ent. The Lutheran princes and theologians felt com- 
pelled to face the question whether they could or could 
not accept the invitation, and Luther, at the request 
of the elector of Saxony, prepared a creed to be used 
as a basis of negotiations. This was submitted to the 


princes and theologians assembled at Smalkald, and | 


was in substance adopted by them. It. is called the 
Smalkald Articles, and is important because in its 
statement of the doctrine of the sacrament of the sup- 
per it repudiates the Wittenberg Concord. The princes 


decided that they would have nothing to do with aj 


council which did not meet on German soil. The em- 
peror, alarmed at the progress of Protestantism, and at 
the united front shown by German Protestants, and 
troubled by the refusal of the pope to consent to a 
council to be held out of Italy, strove to bring Protest- 
ants and Roman Catholics together by means of re- 
ligious conferences. The first of these, held at Hage- 
nau, came to nothing. Next year (1541) the confer- 
ence was renewed at Worms, when the Roman 
Catholic party promised reforms on condition that the 
Protestants first submitted to the pope. This econdi- 
tion could not be accepted. Representatives met the 
same year at Ratisbon, and here the conference was 
wrecked on the doctrine of transubstantiation, but the 


diet renewed the terms of the edict of Nuremberg of 1532 | 
—the Ratisbon Interim. It was felt by all parties that | 
this provisional state of matters must come to an end | 


some time, and that the Protestants must either be 
allowed to have their own way or win it by fighting. 
The emperor was not ready for war, and at the diet at 
Spires in 1544 it-was agreed that the Protestants were 
to maintain their rights until a general council met. 


Whatever hopes they might have from such a council | | 
the ‘‘ Reformed ”’ or followers of Calvin, and formed 


were soon dissipated. The council of Trent was opened 


that year, and its earliest acts were to refuse to pass | 


the conciliatory measures proposed by some of the lib- 
eral Roman Catholics. The emperor still temporized 
and promised reforms, if not by a council then by a 
national assembly, and many of the Protestants, Luther 
among them, still hoped that matters might settle 
themselves without civil war. This hope inspired 
what was called the Wittenberg Reformation, a docu- 
ment setting forth how near the evangelical church 
might approach the Roman Catholic and _ still retain 
the atte it had upheld. The year 1546 began, how- 
ever, with unmistakable indications that Charles was 
now ready to strike a decisive blow. 

Luther had been suffering much during the last few 
years, and he felt his end to be near. In the month of 

anuary, 1546, he undertook a journey to Hisleben in 
very inclement weather, in order to restore peace in the 
family of the counts of Mansfeld; he caught a violent 
cold, but preached four times, and took all the time an 
active part in the work of conciliation. On the 17th 
of February he felt that his release was at hand; and 
at Hisleben, where he was born, he died, in faith and 
prayer, on the following day. Nothing can be more 
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edifying than the scene presented by the last days of 
Luther, of which we have the most authentic and de- 
tailed accounts. When dying, he collected his last 


‘strength and offered up the following prayer :—‘‘ Heay- 


enly Father, eternal, merciful God, thou hast revealed 
to me Thy dear Son, our Lord Jesus Christ. Him I 
have taught, Him I have confessed, Him I love as my 
Saviour and Redeemer, whom the wicked persecute, 
dishonor, and reprove. Take my poor soul up to 
Thee!*’ Then two of his friends put to him the 
solemn question,—‘‘ Reverend Father, do you die in 
Christ and in the doctrine you have constantly 
preached?’ He answered by an audible and joyful 
*‘Yes’’; and, repeating the verse, ‘‘ Father, into thy 
hands I commend my spirit,’’ he expired peacefully, 
without a struggle, on the 18th of February, 1546, at 
four o'clock in the afternoon. 


The books on the life and work of Luther are so very nu- 
merous that it is impossible to do more than mention one or 
two. The best editions of Luther’s works are (1) the Wit- 
tenberg, 1539-58, 19 vols. folio (7 in Latin and 12 in Ger- 
man; Melanchthon wrote the prefaces, and inserted a life 
of Luther in the beginning of the 2d vol.); (2) Walch’s 
edition, 24 vols. 4to, 1740-53; (3) the Erlangen edition, 65 
vols. and 2 vols. of indices, in all 67 vols. in German, and 
33 vols.in Latin, and not vet complete, 1826-73; (4) the 
last edition is from Frankfort-on-the-Main, publishing at 
the expense of the Prussian Government. 

Luther’s letters have been collected and edited by (1) De 
Wette and Seidemann, L. Briefe, 6 vols., 1825-56; (2) this 
emendated by Burkhardt, Luther’s Briefwechsel, 1866; (3) 
Seidemann, Lutherbriefe, 1859. 

The Table Talk was translated (1) by William Hazlitt, 
1848, and (2) by Bindseil, Colloquia, etc.,3 vols., last pub- 
lished 1866. 

Lives of Luther—(1) J. Mathesius, Historie von D. MM. 
Luther's, ete., Nuremberg, 1566; (2) Cochleus, Acta et Scripta 
Lutheri, Paris, 1565 (Roman Catholic and abusive); (3) 
Merle d’Aubigné, Hist. of the Ref., vols. i.—ili., 1838, ete. ; (4) 
Michelet, Life of Luther (his statements about himself col- 
lected), translated by Hazlitt, 1846 and 1862; (5) Croly, 
Life of Luther, 1857; (6) Julius Kostlin, Martin Luther, sein 
Leben, ete., 2 vols., 1875. The last is the best; it has been 
summarized for popular reading in one volume, with inter- 
esting illustrations, 1882. 

The Times of Luther.—(1) Ranke, Deutsche Geschichte im 
Zeitalter d. Ref., 6 vols., 1st ed. 1839-47, reached a 6th ed., 
Eng. transl. by Sarah Austin, 1845-47; (2) Loscher, Refor- 
mations Akta, Leipsic, 1720; (3) Hausser, The Period of the 
Reformation, 2 vols., 1873; (4) Seebohm, Mra of the Protestant 
Revolution, 1877 (a very short but good and clear summary 
of events). (T. M. L.) 


LUTHERANS are that body of Christians who 
adopted the principles of Martin Luther in his oppo- 
sition to the Roman Church, to the Swiss theolo- 
gians, and to the sectaries of Reformation times. ‘They 
called themselves ‘‘ Evangelical’ in distinction from 


one of the two great divisions of the Reformation 
Church. In the early days of controversy the stricter 
Lutherans held it to be their peculiar function to pre- 
serve the stutus religionis in Germania per Lutherum 
instauratus and to watch over the depositum Jesu 
Christi which Luther had left in their charge. Luther 
himself was much more fitted to be a reformer and 
preacher than an exponent of a scheme of theology or 
the organizer of an ecclesiastical system. His wonder- 
fully sympathetic nature was easily moved, and his own 
liking and disliking ruled him too strongly to make him 
able to expoundin calm fashion the whole round of 
theology, giving to each doctrine its proper place in 
the system. is nominalist training, his quietism got 
from the mystics of the 14th and 15th centuries, his 
occasional fits of morbid melancholy, all kept him from 
looking at the whole system of Christian doctrine, and 
made him intensify the value and importance of special 
aspects of truth. The early Lutheran theology reflect- 
ed the character of its founder. It lacked systematic 
completeness, more especially in its failure to construct 
a comprehensive doctrine of the work of the Holy 
Spirit, and it swayed from side to side in violent con- 
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troversies, until at length out of the conflicts emerged 
the Form of Concord, which, it was hoped, would suc- 
ceed in pacifying the church. The dogmatic symbols 
of the Lgehake Church are usually said to include 
nine separate creeds, three of which are taken from the 
early Christian Church while six are the production of 
the 16th century. Theyare the Apostles’ Creed, the 
Niczeo-Constantinopolitan Creed in its Western form 
(7.e., with the fil/oque), the so-called Athanasian Creed, 
the Augsburg Confession or Confessio Augustana, the 
Apology for the Augsburg Confession, the Smalkald 
Articles, Luther’s two Catechisms,and the Form of Con- 

cord. These nine confessions together make up the 
Liber Concordice of the Lutheran Church ; but only 
the three pre-Reformation creeds and the Augsburg 
confession are recognized by all Lutherans, Luther's 

catechisms, espec ially the shorter of the two, have been 
almost universally accepted, but the Form of Coneord 
was expressly rejected by many Lutheran churches. 

The Augsburg Confession and Luther’s Shorter Cate- 
chism may be said to contain the distinctive principles 
of Lutheranism which all Lutherans unite to maintain, 
but, as the principal controversies of the Lutheran 
Church all arose after the publication of the Augsburg 
Confession, and were fought out between men who 
united in accepting that symbol, it does not contain 
all that is distinctively Lutheran. The Augsburg Con- 
fession itself perhaps owed its universal recognition to 
the fact that it existed in two forms which vary slightly 
inthe way in which they state the doctrine of the sac- 
rament of the supper, the variata and the tnvariata ; 
and this also bears witness to the lack of dogmatic 
coherence which is a characteristic of Lutheranism. 
Melanchthon’s /Hypotyposes or Theological Common- 
places (first published in 1521) may also rank along 
with these creeds as an authoritative exposition of 
Lutheran theology; and the changes it underwent in 
its successive editions show the incompleteness of the 
system. 

The earliest controversy which divided the Lutheran 
Church arose in Luther’s lifetime and lasted till 1560 (1537- 
60). Itsprang out of differences of opinion about the pre- 
cise meaning to be attached to the term law in Luther’s 
famous distinction between law and gospel. According to 
Luther, and the distinction runs through all Lutheranism, 
law and gospel are the two factors which bring home to the 
individual experience the knowledge of salvation. Law is 
the rule of life given by God and accompanied by threaten- 
ing and promise, which counts on fulfilment from selfish 
motives, threatens, terrifies, and so produces contrition ; 
while the gospel, which is the message of salvation, comes 
after the law has done its work, and soothes. In this de- 
scription the term law has a distinct and definite meaning ; 
.t signifies legal injunction or command; and Luther and 


his followers were accustomed to say, using law in this| 


definite way, that Christ was not under the dominion of 
the law, and that Christ’s people are also free from its 
restraints. They said that believers ascend to the Chris- 
tian life only when they have transcended a rule of life 
which counts on selfish motives for obedience. The word 
law manifestly means more than Luther put into this defi- 
nition, and certain Lutherans who accepted Luthevr’s dis- 
tinction between law and gospel did not understand his 
limitation of the term law, and taught that believers were 
not bound by the morallaw. These antinomians, of whom 
Agricola was chief, took Luther’s statements about law in 
the sense of legal injunction, and applied them to law in 
the sense of ethical rule. The confusion perplexed the 
Lutheran Church for more than twenty years. 

The debates which harassed the Reformed Church in the 
Arminian controversy, and the Roman Catholic Church in 
the Jansenist controversy, appeared in the Lutheran 
Church in three separate disputes lasting from about 1550 
to 1580. In these discussions the stricter Lutherans were 
on the one side and Melanchthon with his followers on the 
other. The first dispute was about the relation of good 
works to conversion. George Major, founding on an ex- 
pression in Melanchthon’s Commonplaces (ed. 1543), said 
that good works were both necessary and useful to holi- 
ness. He was attacked by Mat. Flacius and Nic. Amsdorf, 
and after a long and tedious discussion, in the course of 
which it was made plain that both sides were sadly in want 
of general principles to guide them, and that important 
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was condemned because it savored of Pelagianism. The 
problem took a new form in the Synergist controversy, 
which discussed the nature of the first impulse in conver- 
sion, and in the controversy about original sin which fol- 
lowed. Pfeffinger taught that the first impulse in conver- 
sion came from grace and was due to the Holy Spirit, but 
he said that this impulse and its effect might be compared 
with the reviving of a man apparently dead. According 
to the strict Lutherans the sinner was not apparently but 
actually dead, and grace was not merely the occasion, it 
was also the actual cause, of the new life. Flacius, who 
had made this last assertion, which seemed to be generally 
approved of, started a fresh controversy by his assertion 
that sin was part of the substance of man in his present 
natural condition, and that man was no more able to co- 
operate with grace in conversion than was a stick or a stone. 
This was contradicted by Striegel, a follower of Melanch- 
thon, who asserted that sin had not totally destroyed man’s 
ethical nature, but that grace by its action changed what 
was morally insensible into what was morally living and 
sensible, so that there could be an actual synergy or co- 
operation between God’s grace and man’s will. 

The controversy raised by Andrew Osiander was much 
more important, and revealed the lack in Lutheranism of 
a systematie doctrine of the work of the Holy Spirit. 
Osiander felt that Lutheran dogmatic had omitted to 
make adequate.answer to a most important practical ques- 
tion in theology, how Christ’s death on the cross could be 
so brought into connection with each individual believer 
as to be the ground of his actual justification. The 
medieval church had spanned the centuries by their doc- 
trine of the prolongation of Christ’s death throughout time 
in the sacrifice of the mass, but he could not see any such 
real connection of time in Luther's theology. He pro- 
posed to get rid of the difficulty by saying that justification 
is a real work in the believer done by that same Christ 
who had died so many centuries before. He distinguished 
between redemption, which he said was the result of the 
historical work of Christ upon the eross, and justification, 
which was another work of the same Redeemer within the 


»/ individual, and was the influence renewed daily of the 


Saviour upon each believer. The controversy which fol- 
lowed was full of ambiguities and misunderstandings, but 
out of it rose two distinct theories, one of which was gene- 
rally adopted by the Lutherans, while the other has be- 
come a characteristic of Reformed or Calvinist theology. 
Striegel declared that the principal effect of the work of 
Christ upon the cross was to change the attitude of God 
towards the whole human race, and that in consequence 


| whenever men come into being and have faith they can 


take advantage of that change of attitude, the ground of 
their assurance being that because of what. Christ did God 
regards all men benevolently. Calvinist divines, on the 
other hand, found in Osiander’s criticism the starting point 
of that close connection between Christ’s work and His 
redeemed which is expressed in the doctrine of the limited 
reference in the atonement. 

These controversies all implied more or less vagueness in 
the earlier dogmatic teaching of Luther. Others, how- 
ever, arose from what may be called the’ distinctive teach- 
ing of Luther upon the sacrament of the Lord’s Supper and 
what was implied therein. In the article LUTHER it is 
stated that Luther, at least after the peasants’ war, held 
strongly a theory of the connection between the elements — 
(thé bread and wine) and the body and blood of Christ in 
the sacrament of the supper which has been called con- 
substantiation, and that this theory depended not merely on 
certain scholastic definitions of bodily presence, but 
also on the supposition that the attribute of ubiquity be- 
longed to the glorified body of Christ. A large number of 
Lutherans, followers of Melanchthon, were inclined to 
depart from these views and approach the more reasonable 
opinions of Calvin, and this occasioned controversies about 
Crypto-Calyinism and about Christology. The university 
of Jena was the theological headquarters of the stricter 
Lutherans, while Wittenberg was the centre of the Philip- 
pists or Crypto-Calvinists, as the followers of Melanchthon 
were called. At first the controversy mainly gathered 
round the questions of the corporeal presence, the oral 
manducation, and the literal eating of Christ’s body by 
unbelievers as well as by the truly faithful, but it soon 
included discussions on the person of Christ, and into these 
discussions Reformed theologians were brought. The 
result was various conferences at Maulbronn (1564), which 
only confirmed both parties in their peculiar opinions ; at 
Dresden (1571), where the Lutheran theologians of Witten- 
berg and Leipsic renounced the doctrine of the ubiquity of 
Christ’s body and agreed with the Calvinists; and else- 
where. It seemed as if the Lutheran Charen was about to 


words were used ambiguously, George Major’s proposition | fall to pieces. 
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Out of these disputes came the Form of Concord, due 
principally to Jacob Andre of Tiibingen, to Martin Chem- 
nitz of Brunswick, and to Nicolas Selnecker of Leipsie. 
Various theological conferences were held, and yarious 
articles of agreement more or less successful were framed, 
of which the most notable was the Torgau Book of 1576; and 
at last in 1577 the Form of Concord was published, and 
after much discussion and negotiation was adopted by most 
of the Lutherans in Germany. Its recognition was mainly 
due to the exertions of Augustus, elector of Saxony. It 
was also adopted by the Lutheran churches of Sweden in 
1593, and of. Hungary in 1597. It was rejected by the 
Lutheran Church of Denmark and by the churches of 
Hesse, of Anhalt, of Pomerania, and of several imperial 
cities. It was at first adopted and afterwards rejected by 
Brunswick, by the Palatinate, and by Brandenburg. The 
German churches which refused to adopt it became for the 
most part Reformed or Calvinist; and the Form of Con- 
cord, which ended the more violent theological controver- 
sies among the Lutherans greatly decreased their numbers 
and territorial extent. . 

The divided state of Germany in the 16th century, 
aided by the maxim of the peace of Augsburg which gave 
Protestantism a legal standing, and by the consistorial sys- 
tem of ecclesiastical rule which followed in consequence, 
divided the Lutherans in Germany into a number of sepa- 
rate churches as numerous as the principalities. At the 
peace of Augsburg the adherents to the Augsburg Confes- 
sion were recognized legally as having a right to exist 
within the German empire, and the power of determining 
whether the Roman Catholic or Lutheran confessions 
should be the recognized creed of the state was left, with 
some reservation, in the hands of the supreme civil 
authority in each separate+ principality (cujus regio ejus 
religio). This virtually gave the direction of the church 
of each German state into the hands of the supreme civil 
power therein; it belonged to the princes in the various 
principalities and to the municipal councils in the free 
imperial cities. This legal recognition of the supreme 
authority of the civil power in ecclesiastical affairs was 
intensified by the adoption in the Lutheran Church of the 
consistorial system of church government, which was the 
distinctive mark of the Lutheran as opposed to the 
Reformed Church. The consistorial system took a great 
variety of forms, but it had one common characteristic: it 
simply transferred the jus episcopale from the bishops to 
the civil authorities, and, as the bishops ruled their 
dioceses in ecclesiastical and other matters by means of 
councils or consistories appointed by themselves, so in the 
Lutheran Church these old episcopal consistories were 
transformed into councils whose members were appointed 
by the civil rulers. Thus each petty German state had its 
own church with its special organization and peculiar 
regulations. Richter in his Mvangelische Kirchenordnungen 
des 16ten Jahrhunderts (2 vols., 1846) has collected more than 
one hundred and eighty separate constitutions of churches 
adhering to the Augsburg Confession. This minute sub- 
division makes it almost impossible to recognize any unity 
in the Lutheran Church save what comes from the profes- 
sion of a common creed. 

The publication of the Form of Concord drew the strict 
Lutherans more together, and set over against them in 
Germany a Calvinist Church, and the divided state of Prot- 
estantism greatly weakened its strength in the religious 
wars of the 17th century. As the smaller German states 
came together in larger principalities the awkwardness of 
the separate Protestant churches was more keenly felt. 
Many attempts were made by conferences, as at Leipsic 
(1631), Thorn (1645), Cassel (1661), to unite Lutherans and 
Reformed, though without success. At length the union 
of the two churches was effected mainly by the force of the 
ciyil authority in Nassau (1817), in Prussia (1817), in Hesse 
(1823), in Anhalt Dessau (1827). These unions for the most 
part aimed, not at incorporating the two churches in doctrine 
and worship, but at the bringing under one government 
the two confessions, and permitting every congregation to 
use at pleasure either the Lutheran or the Heidelberg 
Catechism. They were sometimes accompanied, as in 
Prussia, by a separation of the stricter Lutherans, who 
formed themselves into dissenting churches. The separa- 
tion in Prussia was caused mainly by a new liturgy which 
Frederick William III. foreed on the church, and which the 
dissenters or Old Lutherans refused to use., The divisions 
caused in this way were at first repressed but were after- 
wards tolerated, and have reproduced themselves in the 
flourishing Lutheran Church of the United States. 

See Ritschl, ‘‘ Die Entstehung der Lutherischen Kirche” 
(Zeitsch. fiir Kirchengeschichte, i.1); Hundeshagen, Beitrage 
zur Kirchenverfassungs Geschichte, etc., 1864; Dorner’s His- 
tory of Protestant Theology; Hering, Geschichte der kirch- 
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lichen Unionsversuche seit die Reformation, 1836-38; Sack, Die 
Ewangelische Kirche und die Union, 1861. (CRONE, Tat) 


LUTON, a market-town and municipal borough of 
Bedfordshire, England, is situated in a fine valley near 
the source of the Lea, 31 miles northwest of London. 
The parish church of St. Mary, dating from the 14th 
century, a very fine building in the Decorated Norman 
and Later Hnglish styles, contains a large number of 
old monuments and brasses. Its entire length is 182 
feet, the width of nave and aisles 57 feet, and the width 
of the transepts from north to south 101 feet. On the 
process of restoration, begun in 1865, £6000 has been 
expended. The other principal public buildings are the 
town-hall, the corn exchange, the court-house, and the 
plait hall. Luton is the principal seat of the straw-plait 
manufacture in England. The industry originated in 
the colony of straw-plaiters transplanted by James I. 
from Scotland, whites they had been brought from 
Lorraine by Queen Mary. Though the town is very an- 
cient, it was first incorporated in February, 1876. The 
population, which in 1871 was 17,317, was 23,959 in 
1881. 

LUTZK, a district town of Russia, in the govern- 
ment of Volhynia, on the Styr, 162 miles west-north- 
west of Szitomir, and 5 miles from the Kivertzy station 
of the railway between Kieff and Brest-Litovsky. It is 
a very old town, supposed to have been founded in the 
7th century; in the 11th century it was known under 
the name of Luchesk, and was the chief town of an 
independent principality. In the 15th century it was 
the seat of a bishop, and became a wealthy town, but 
during the wars between Russia and Poland in the 
second half of the 16th century, and especially after 
the extermination of its 40,000 inhabitants, it lost its 
importance. In 1791 it was taken by Russia. It is now 
a rather poor town, situated in an unfertile district, and 
its 11,500 inhabitants, many of them Jews, live mainly 
by shipping goods on the Styr. 

LUM EM BOURG, Francois Henri dE Monrmo- 
RENCY-BOUTTEVILLE, Duc Dk (1628-1695), marshal of 
France, the comrade and successor of the great Condé, 
was born at Paris on January 8, 1628. His father, the 
Comte de Montmoreney-Boutteville, had been executed 
six months before his birth for killing the Marquis de 
Beuvron ina duel, but his aunt, the Princesse de Condé, 
recognizing in him the last male heir of her great family 
De Montmorency, took charge of him, and educated 
him with her son, the Duc d’Enghien. The young 
Montmorency attached himself enthusiastically to his 
cousin, and shared his successes and reverses through- 
out the troubles of the Fronde. He returned to France 
in 1659 and was pardoned, and Condé, who was then 
much attached to the Duchesse de Chatillon, Mont- 
morency’s sister, contrived the marriage of his adhe- 
rent and cousin to the greatest heiress in France, 
the Princesse de Tingry, after which he was created 
Duc de Luxembourg and peer of France. At the open- 
ing of the war of the devolution, 1667-68, Condé, and 
consequently Luxembourg, had no command, but in the 
at campaign he served as one of Condé’s lieuten- 
ants in the conquest of Franche Comté. During the 
four years of peace which followed the peace of Aix-la- 
Chapelle, Luxembourg diligently cultivated the favor 
of Louvois, and in 1672 received orders to commence 
hostilities with the Dutch. He defeated the prince 
of Orange, whom he was to beat again and again, at 
Woerden, and ravaged Holland, and in 1673 made his 
famous retreat from Utrecht with only 20,000 men in 
face of 70,000, an exploit which placed him in the first 
rank of generals. In 1674 he was made captain of the 

ardes du corps, and 1675 was made marshal of France. 
th 1676 he was placed at the head of the army of the 
Rhine, but failed to keep the duke of Lorraine out of 
Philipsburg; in 1677 he stormed Valenciennes; and in 
1678 he defeated the prince of Orange, who attacked 
him at St. Denis after the signature of the peace of 
Nimeguen. His reputation was now ata great height, 
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and it is commonly reputed that he quarrelled with 
Louvois, who managed to mix him up in the confes- 
sions of the poisoners, and get him sent to the Bastille. 
Rousset in his Histoire de Louvois has however shown 
that this quarrel is probably apocryphal. There is no 
doubt that Luxembourg spent some months of 1680 
in the Bastille, but on his release took up his post at 
court as cupitaine des gardes, and was in no way dis- 

raced. When the war of 1690 broke out, the king and 
loaves also recognized that Luxembourg was the only 
general they had fit to cope with the prince of Orange, 
and accordingly he was put in command of the army of 
Flanders. On July 1, 1690, he defeated the prince of 
Waldeck at Fleurus with the loss of 14,000 men and 
49 pieces of cannon. In the following year he com- 
manded the army which covered the king, who was 
besieging Mons, and defeated William ILL. of England 
at Leuze on September 18, 1691. Again in the next 
campaign he covered the king’s siege of Namur, and 
utterly defeated William at Steenkerk on June 5, 1692; 
and on July 29, 1693, he won his greatest victory over 
his old adversary at Neerwinden, in which he took 
76 pieces of cannon and 80 flags. No wonder he was 
received with enthusiasm at Paris by all but the king, 
who looked coldly on a relative and adherent of the 
Condés. He conceived himself strong enough to under- 
take an enterprise which St. Simon describes at length 
in the first volume of his Memoirs; instead of ranking 
as eighteenth peer of France according to his patent of 
1661, he claimed through his wife to be Due de Piney 
of an old creation of 1571, which would place him sec- 
ond on the roll. The whole affair is described with St. 
Simon’s usual keen interest in all that concerned the 
peerage, and was chiefly checked through his assiduity. 

n the campaign of 1694, possibly owing to this check, 
Luxembourg did but little in Flanders, except his well- 
known march from Vignamont to Tournay in face of 
the enemy. On his return to Versailles for the winter 
he fell ill, and died on January 4, 1695. In his last 
moments he was attended by the famous Jesuit priest 
Bourdaloue, who said on his death, ‘tI have not lived 
his life, but I would wish to die his death.’’ The holy 
father certainly had not lived like Luxembourg, whose 
morals were conspicuously bad even in those times, and 
whose life had shown very slight signs of religious 
conviction. But as a general he was Condé’s grandest 
pupil. Utterly slothful, like Condé, in the management 
of a campaign, and therein differing from Turenne, at 
the moment of battle he seemed seized with happy 
inspirations, against which no ardor of William’s and 
no steadiness of Dutch or English soldiers could stand. 
His death and Catinat’s disgrace close the second period 
of the military history of the reign of Louis XIV., and 
Catinat and Luxembourg, though inferior to Condé 
and Turenne, were very far superior to Tallard and 
Villeroi. He was distinguished for a pungent wit. One 
of his best retorts referred to his deformity. ‘‘I never 
can beat that cursed humpback,’’ William was reputed 
to have said of him. ‘‘ How does he know I have a 
hump?”’ retorted Luxembourg, ‘‘he has never seen my 
back.’’ He left four sons, the youngest of whom was 
a marshal of France as Maréchal de Montmorency. 


See the various memoirs and historiesof the time. There 
are some interesting facts in Desormeaux’s Histoire de la 
Maison de Montmorency. Camille Rousset’s Louvois should 
also be studied. 


LUXEMBURG, a grand-duchy of Europe, gov- 
erned under a special constitution by the king of the 
Netherlands, is bounded on the N. and EK. by Rhenish 
Prussia, S. by Lorraine and the French department 
Meurthe-et-Moselle, and W. by Belgian Luxemburg. 
It measures 32 miles from Hartelingen to Rosport, 
both on the Sure, and 50 miles from Rumelange in the 
south to Weiler in the north. The surface contains 
639,000 acres (998 square miles), of which 293,554 
acres are arable, 61,033 meadow-land, 143,812 wood- 
land, 54,135 coppice, and 540 vineyards. The hills in 
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the south of the duchy are a continuation of the Lor- 
raine plateau; and the northern districts are crossed 
in all directions by outrunners from the Ardennes. 
With the exception of the Chiers, which flows into 
the Meuse near Sedan after a course of 50 miles, the 
streams all drain into the Moselle, which forms the 
boundary between Luxemburg and the Rhine province 
for about 20 miles. The Sure or Sauer, the most im- 
portant stream in the duchy, rises at Vaux-les-Ro- 
siéres in Belgian Luxemburg, crosses the duchy, and 
forms the eastern boundary from the confluence of the 
Our till it joins the Moselle afier a course of 50 miles, 
during which it receives the Wiltz, the Woltz, the 
Alzet, etc. At Mondorf there are mineral wells and a 
bathing establishment. The soil of Luxemburg is 
generally good; the southern districts are on the whole 
the most fertile as well as the most populous. Build- 
ing materials of all sorts are obtained throughout the 
duchy, and in the south there is iron-ore of fair qual- 
ity—the mining area at present occupying from 8000 
to 10,000 acres. Galena is worked on the frontier’ 
between Oberwampach and Longville, and antimony 
at Gosdorf near Wiltz. Since 1842 Luxemburg has 
been included in the Zollverein, and its principal deal- 
ings are, consequently, with Germany. Besides the 
iron furnaces,—situated all of them in the south near 
the Lorraine plateau,—the industrial establishments 
of the country comprise a large number of tanneries, 
a dozen weaving factories, an important glove-making 
factory, a pottery, paper-mills for all sorts of paper, 
breweries and distilleries, and two sugar refineries. A 
German patois mixed with French words is spoken 
throughout the country; but French, which is univer- 
sally employed by the commercial community, is also 
the common speech of all classes on the French and 
Belgian frontiers. Though perfect liberty of worship 
prevails, Roman Catholicism is almost the sole form 
of religion in the duchy, the only dissenters worthy of 
note being the Protestant Prussian employés and about 
three hundred Jewish families. The government is in 
the hands of the grand-duke, who sanctions and pro- 
mulgates the laws. Between 1850 and 1879 the kin 
of the Netherlands was represented in his grand-duca. 
functions by his brother Prince Henry; but since the 
prince’s death he has resumed the personal direction. 
of affairs. The grand-duchy is a neutral and inde- 
pendent state, and its crown hereditary in the Nassau 
family (treaty of London, March 11, 1867). A house 
of representatives and a council of state, named by 
the grand-duke, compose the administrative body. The 
representatives, to the number of forty-four, are chosen 
by the people in the proportion of one for from 4000 
to 5500 inhabitants, No law can be passed without 
the consent of the house of representatives. Bills are 
introduced by the grand-duke, but the house has also » 
the right of initiative. A single battalion (150) of 
Luxemburg chasseurs composes the grand-ducal army, 
—all voluntary recruits. he gendarmerie also con- 
sists of about 150 men. There are two courts of first 
instance in the duchy,—one at Luxemburg, the other 
at Diekirch,—and a high court and a court of appeal, 
both at Luxemburg. Criminals appear before the 
court of assize at Luxemburg. By grand-ducal decree 
the order of the Crown of Oak was instituted for the 
duchy, December 29, 1841, and that of the Golden 
Lion, February 5, 1858. The communal councils are 
under the supervision of the district commissioners, 
who are subject in turn to the minister of the interior. 
The administration of the town of Luxemburg depends 
immediately on the Government. EKdueation is in a 
flourishing state: there are 642 primary schools at- 
tended by 31,000 pupils; Luxemburg has a normal 
school and an athenzeum; Diekirch and Hvhternach 
have each a gymnasium. The bishopric of Luxem- 
burg, containing 13 diaconates, subdivided into 253 
arishes, holds its authority directly from the Holy 
ee. From 6,000,000 to 7,000,000 franes is the annual 
amount of the state budget, and the public debt was 
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12,000,000 francs in 1863. Since 1854 there has been 
a grand-ducal bronze coinage. 
The following table shows the administrative divisions 


and the population (total, 205,158) according to the census 
of 1880: 


Districts. Cantons. Communes. | Population. 
Luxemburg,... | Luxemburg,... 13 48,330 
Capellen, .... 11 15,953 
BISCU, . dveiie ‘ 13 26,599 
Mersch,..... , ala 14,063 
Grevenmacher,.| Echternach,... 8 13,486 
Grevenmacher, . 9 15,141 
Remich, . 2.0% 10 8,588 
PHGRAMGHI Gs ss) Clerf, . 2.05. 10. 13,963 
Diekirch;). 336. 13 18,823 
Redingen,.... 13 15.181 
VWianden,... «ss 3 8,279 
AV LUL Ae suas tect 13 16,268 


Next to the capital come Echternach with 3920, and 
Diekirch with 3130 inhabitants,—both worthy of note for 
their blast furnaces. At Echternach an annual procession 
is held in honor of St. Willibrord, dating from 1374. Gre- 
venmacher is the centre of a great wine district. 

The Luxemburg territory as well as the country of Ar- 
denne was included in Belgica Prima at the first 
division of Gaul by Augustus in 27 B.c.; during the 
Frankish period it formed part first of Austrasia, then 
of Lorraine, and then of Lower Lorraine. On the 
dismemberment of ancient Austrasia the ecountship 
of Ardenne fell to Ricuin; and, when after Ricuin’s 
death his children divided his possessions, Ardenne 
proper was obtained by Count Sigfried (Sigefroi). 
The county of Luxemburg, as Ardenne came to be 
called after the chief town, was raised to be a duchy 
in 1354, and existed as an independent state till 1451, 
when it was seized by Philip, duke of Burgundy. 
The dynasty which he displaced had been ambitious 
and active, and had, in the person of Henry VIL, at- 
tained the imperial dignity, and in that of John as- 
cended the throne of Bohemia, As a Burgundian 
possession Luxemburg came to the house of Austria, 
and, after forming part of the arch-duchy governed 
by Albert and Isabella, 1598-1632, followed the fate 
of the Spanish Netherlands till it was ceded by the 
treaty of Utrecht to the house of Hapsburg. It 
was deprived of Thionville, Montmedy, Damvil- 
liers, Ivoix, and Maryville by the treaty of the Pyr- 
enees (1659) in favor of France; and Louis XIV. 
occupied the town and great part of the province from 
1684 till the treaty of Ryswick (1697). Seized by the 
French in 1793, it went in the main to form the de- 
partment of Foréts. On the 16th March, 1815, William 
I. declared himself king of the Netherlands and duke 
of Luxemburg, and his claims were sanctioned by the 
treaty of Vienna,—Luxemburg being considered com- 
pensation for the loss of the small principalities of 
Hadamar, Siegen, Dietz, and Nassau-Dillemburg, the surren- 
der of which to Prussia had deprived William of his place in 
the Germanic confederation. The fortress was assigned to the 
confederation itself, and was garrisoned by six thousand men, 
of whom one-fourth belonged to the grand-duke and three- 
fourths to the confederation. From the recognition of 
Belgian independence in 1830 to the treaty of London in 
1839, matters were still more complicated ; there were two 
governments in Luxemburg—one at Luxemburg, acting for 
the grand-duke, and the other at Arlon, acting for Belgium. 
By the treaty of London about 1218 square miles of the 
duchy with 149,571 inhabitants were transferred to Bel- 
gium, the German confederation and King William being 
compensated with parts of Limburg. On the dissolution 
of the confederation the duchy became free from its con- 
nection with Germany, but the fortress remained in the 
hands of Prussia. A diplomatie contest for possession 
of the duchy took place between France and Prussia; and 
the matter became the object of a special conference of the 
_plenipotentiaries of the great powers, Holland, Belgium, 
and Italy, in 1867. The result was that the neutrality of 
Luxemburg was guaranteed and the military importance 
of the town destroyed. The actual demolition of the for- 
tifications evacuated by the Prussians in September, 1867, 

- did not take place till 1872. 


See Bertholet, Hist. du duché de Luxembourg, Luxemburg, 1741- 
43; Vandermaclen, Dict. géogr. du Luxembourg, Brussels, 1838 ; 
Schotter, Avit. Hrdrterungen tiber die friih. Gesch, der Grafschaft 
Luxemburg, Luxemburg, 1859; Grévig, Luwemburg, Land und Volk, 
Luxemburg, 1867. 
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LuxeMbBura, the capital of the grand-duchy, lies 34 
miles north of Metz and 25 southwest of ‘Treves, in a 
position as remarkable for natural beauty as for mili- 
tary strength. ‘The main part of the town is built on 
a rocky table-land terminating precipitously towards 
the northeast and south; the modern portions, known 
as Pfaffenthal, Clausen, and Grund, lie 200 feet below, 
in the valley of the Alzette. ‘Till their demolition in 
terms of the treaty of 1867 the fortifications, on which 
the engineers of three centuries had expended their 
skill, were the great feature of’ the place ; in point of 
strength they ranked, according to Carnot, second only 
to those of Gibraltar, and like them they were to a 
great extent hewn out of the solid rock. The site is 
now occupied partly by a fine public park, partly 
by new districts of handsome houses, which give 
the city more of the outward appearance of a capital. 
Among the buildings of historical interest are the 
cathedral of Notre Dame, erected by the Jesuits in 
1613; the church of St. Michel, dating from 1320; 
the Government-house, built in 1443, and still regu- 
larly occupied by the legislative assemblies; the town- 
house, built in 1830; the law courts, dating from 1565, 
but serving till 1795 as the residence of the governor 
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Plan of Luxemburg. 


of Luxemburg; and the athenzeum built in 1594, and 
now (1882) attended by 500 to 600 pupils. The popn- 
lation of the city and suburbs, which was 15,930 in 
1875, was in 1880, 16,679. 


Luxemburg (formerly called Liitzelburg) appears in 738 
as a castle presented to the abbey at Treves by Charles 
Martel. The town grew up in the course of the 10th cen- 
tury, and soon began to surround itself with walls; but it 
was not till 1503 that a regular system of fortifications was 
commenced, and the principal features of the modern 
fortress were due to Vauban, who accompanied Créqui in 
his capture of the place in 1664, Extensive additions were 
made to the works in 1725-34. 

See Coster, Gesch. der Festung Luxemburg, Laxemburg, 1869, 


LUXEMBURG, a province of the kingdom of 
Belgium, lying at the southeastern extremity 
of the country, and bounded N. and W. by the 

rovinces of Liége and Namur, 8. by France, and 
i by Prussia and by the grand-duchy of Luxem- 
burg, from which it was separated in 1839. It 
is the largest and most thinly populated of the Belgian 
provinces, —75 miles in length, 30 in. breadth; the 
population is 204,000, The ground is high, averaging 
1200 feet above sea-level, and rising in parts over 2000. 
The soil is dry and slaty, with occasional sand and lime- 
stone. The aspect of the country is a succession of 


90 


broad tracts of table-land or plateaus covered with 
wood or heather, and intersected by wide and deep 
valleys; these contain streams, halfdry during the 
summer, but quickly changed to. sweeping torrents by 
rain or melting snow. Peat is found on the hills, and 
occasional morasses known by the name of ‘“‘ hautes 
fanges,’’ are to be met with on the tops of the highest 
mountains. The whole district is comprised within 
the region of Ardennes. The agricultural produce is 
poor; the various breeds of horses, cattle, sheep, ete., 
are remarkably small, though they all possess individual 
qualities of endurance or their flesh of flavor; the hams 
are renowned. ‘lhe forests abound in game of all kinds; 
red deer are plentiful, and wild boars have of late become 
so abundant as to be a serious nuisance. The mineral 
productions are worthy of note. Iron is found in the 
valley of the Ourthe, and also farther south near Arlon; 
lead is extracted at Longwilly, manganese at Biham, zine 
at Longwilly and Bleid. Building stone is to be had 
throughout the province, and is generally employed, 
brick houses being the exception. There are quar- 
ries of grey and rose-colored marble at Wellin, oi ex- 
tensive slate quarries on the banks of the Semois, the 
Sure, and the Salm. The trade in wood and bark is 
considerable, and there are some important tanneries, 
as well as iron-works, paper-mills, and limekilns. The 
principal rivers are the Semois, the Lesse, and the 
Ourthe, aftluents of the Meuse, and the Sure, which 
flows into the Rhine; of these the Ourthe alone is 
navigable for a few miles down from Barvaux. There 
are no canals in the province, so that Luxemburg is 
entirely dependent on railways for its trafic. The 
Brussels and Basel line runs through the whole prov- 
ince, with a station at Arlon, the capital; and branch 
lines have been established to connect the principal 
markets, Marche, Durbuy, Bastogne, Virton, ete., 
with the main artery. The language spoken by the 
inhabitants is French, with an admixture of Walloon 
dialect and an inferior kind of German on the borders 
of the grand-duchy. The king of the Belgians and 
his brother the count of Flanders possess summer resi- 
dences, with extensive forest lands, in the province of 
Luxemburg. 

LUXOR, more properly El-Aksur, ‘‘ The Castles ”’ 
(plur. pane. of kasr), a village on the Nile, 450 miles 
Reaves Cairo, occupies part of the site of the ancient 
Thebes, and has its name from the ruins described in 
vol. vil. p. 674. The village is also called Abu’l 
Hajjij from the patron saint whose tomb is mentioned 
by Ibn Batuta, i. 107, ii. 253. See also Yakut, i. 338. 
Luxor is the centre for visitors to the ruins of and 
about Thebes, and is increasingly frequented by trav- 
ellers and invalids in the winter season, being the only 
place above Osyfit (Sayfit) provided with hotel accom- 
modation suitable for Kuropeans. The district is the 
seat of an extensive manufacture of forged antiques, 
often very skillfully made. 

LUZON, or Lugon. See Puiirpprne Isianps. 

LYCANTHROPY is a term used comprehensively 
to indicate a belief, firmly rooted among all savages, 
and lingering in the form of traditional superstitions 
among peoples comparatively civilized, that men are 
in certain circumstances transformed temporarily or 

ermanently into wolves and other inferior animals. 
ti the European history of: this singular belief, wolf 
transformations appear as by far the most prominent 
and most frequently recurring instances of alleged 
metamorphosis, and consequently in most European 
languages the terms expressive of the general doctrine 
have a special reference to the wolf. Examples of 
this are found in the Greek Avedvipwroc, Russian volk- 
odlék, Kuglish were-wolf, German wéhrwolf, French 
loup-garou. And yet general terms (e.g., Latin vers?- 

ellis ; Russian dboroten ; Scandinavian, hamrammr ; 
Pnaivh, turnshkin, turncoat) are sufficiently numerous 
to furnish some evidence that the class of animals into 
which metamorphosis was possible was not viewed as 
a restricted one. It is simply because the old English 
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general terms have been long diverted from their origi- 
nal signification that the word ‘‘lycanthropy’’ has 
recently been adopted in our language in the enlarged 
sense in which it has been defined above. 

There are two unfailing characteristics of lycanthro- 
pous belief :—(1) there can nowhere be a living belief 
In contemporary metamorphosis into any animal which 
has ceased to exist in the particular locality ; (2) belief 
in metamorphosis into the animal most prominent in 
any locality itself acquires a special prominence. 
These characteristics apart, the heioiiene of lyean- 
thropy exhibit a very considerable diversity in their 
nature, 


Throughout the greater part of Europe the were-wolf is 
preferred on the principles just noted. There are old tradi- 
tions of his existence in England, in Wales, and in Ire- 
land, In southern France, the Netherlands, Germany, 
Lithuania, Bulgaria, Servia, Bohemia, Poland, and Russia 
he can hardly be pronounced extinct now. In Denmark, 
Sweden, Norway, and Iceland the bear competes with the 
wolf for pre-eminence. In Persia the bear is supreme, in 
Japan the fox; in India the serpent vies with the tiger, in 
Abyssinia and Bornou the hyena with the lion, in eastern 
Africa the lion with the alligator; in western Africa the 
leopard is perhaps most frequently the form assumed by 
man, among the Abipones the tiger, among the Arawaks 
the jaguar, and soon. In none of these cases, however, is 
the power of transformation limited exclusively to the 
prominent and dominant animal. 


The most familiar phase of the superstition is also 
the latest and most sophisticated. It was no belief in 
mere transformation; the transformation here was 
accomplished by Satanic agency voluntarily submitted 
to, and that for the most loathsome ends, in particular 
for the gratification of a craving for human flesh. 
‘The were-wolves,’’ writes Richard Verstegan (/esti- 
tution of Decayed Intelligence, 1628), ‘‘ are certayne 
sorcerers, who having annoynted their bodies with an 
oyntment which they make by the instinct of the 
deyill, and putting on a certayne inchaunted girdle, 
doe not onely unto the view of others seeme as wolves 
but to their owne thinking have both the shape and 
nature of wolves, so long as they weare the said girdle. 
And they do dispose themselves as very wolves, in 
wourrying and killing, and most of humane creatures.”’ 
Such were the views about lycanthropy current 
throughout the continent of Europe when Verstegan 
wrote. J'rance in particular seems to have been in- 
fested with were-wolves during the 16th century, and 
the consequent trials were very numerous. In some 
of the cases,—e.g., those of the Gandillon family in 
the Jura, the tailor of Chalons, and Roulet in Angers, 
all occurring in the year 1598,—there was clear evi- 
dence against the accused of murder and cannibalism, 
but none of association with wolves; in other cases, 
as that of Gilles Garnier in Déle in 1573, there was 
evidence against some wolf, but none against the ac- 
cused; in all the cases, with hardly an exception, 
there was that extraordinary readiness in the aceused 
to confess and even to give circumstantial details of 
the metamorphosis, which is one of the most inex- 
plicable concomitants of medizeval witchcraft. Yet, 
while this lyeanthropy fever, both of suspectors and 
suspected, was at its height, it was decided in the case 
of Jean Grenier at Bordeaux, in 1603, that lycan- 
thropy was nothing more than an insane delusion. 
From this time the /owp-garou gradually ceased to be 
regarded as a dangerous heretic, and fell back into his 
pre-Christianic pers of being simply a ‘‘ man-wolf- 
fiend,’’ as which he still survives among the French 
peasantry. In Prussia, Livonia, and Lithuania, ac- 
cording to the bishops Olaus Magnus and Majolus, the 
were-wolves were in the 16th century far more destruc- 
tive than ‘‘true and natural wolves,’ and their , 
heterodoxy appears from the assertion that they 
formed ‘‘an accursed college’’ of those ‘‘ desirous of 
innovations contrary to the divine law.’’ In England, 
however, where at the beginning of the 17th century 
the punishment of witchcraft was still zealously prose- 
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euted by James I., the wolf had been so long extinct 
that that pious monarch was himself able (Demonolo- 
ge, lib. iii.) to regard ‘‘ warwoolfes’’ as victims of 
delusion induced by ‘‘a naturall superabundance of 
melancholie.’? Only small creatures, such as the cat, 
the hare, and the weasel, remained for the malignant 
sorcerer to transform himself into; but he was firmly 
believed to avail himself of these agencies. Belief in 
witch-animals still survives among the uneducated 
classes in parts of the United Kingdom. 

The were-wolves of the Christian dispensation were 
not, however, all heretics, all viciously disposed to- 
wards mankind. ‘‘ According to Baronius, in the 
year 617, a number of wolves presented themselves at 
a monastery, and tore in pieces several friars who en- 
tertained heretical opinions. ‘The wolves sent. by God 
tore the sacrilegious thieves of the army of Francesco 
Maria, duke of Urbino, who had come to sack the 
treasure of the holy house of Loreto. A wolf guarded 
and defended from the wild beasts the head of St. Hd- 
mund the martyr, king of England. St. Oddo, abbot 
of Cluny, assailed in a pilgrimage by foxes, was deliv- 
ered and escorted by a wolf’! Many of the were- 
wolves were. most innocent and God-fearing persons, 
who suffered through the witchcraft of others, or sim- 

ly from an unhappy fate, and who as wolves behaved 
in a truly touching fashion, fawning upon and pro- 
tecting their benefactors. Of this sort were the ‘‘ Bis- 
clayeret’’ in Marie de France’s poem (c. 1200), the 
hero of ‘‘ William and the Were-wolf”’ (translated 
from French into English about 1350), and the numer- 
ous princes and princesses, knights and ladies, who 
appear temporarily in beast form in the Méhrchen of 
the Aryan nations generally. Nay the power of trans- 
forming others into wild beasts was attributed not only 
to malignant sorcerers, but also to Christian saints. 
““Omnes angeli, boniet mali, ex virtute naturali 
habent potestatem transmutandi corpora nostra,’’ was 
the dictum of St. Thomas Aquinas. A Russian story 
tells how the apostles Peter and Paul turned an im- 

ious husband and wife into bears; St. Patrick trans- 
ormed Vereticus, king of Wales, into a wolf; and St. 
Natalis cursed an illustrious Irish family, with the 
result that each member of it was doomed to bea wolf 
for seven years. In other tales the divine agency is 
still more direct, while in Russia, again, men are sup- 
posed to become were-wolyes through incurring the 
wrath of the devil. 

There is thus an orthodox as well as a heterodox 
were-wolf; and, if a survey be taken of the lycanthro- 
pous beliefs of non-Christian peoples, this distinction 
among shape-changers will be equally obvious. The 

ods of ancient mythology, Hindu, Persian, Greek, and 

eutonic, had an apparently unlimited power of assum- 
ing animal forms. These gods, moreover, constantly 
employed themselves in changing men and women 
into beasts, sometimes in punishment of crime, some- 
times out of compassion, and sometimes from pure 
voluptuousness. hus Kabandha was changed by 
Indra into a monster, Trisanku by the sons of Vasish- 
tha into a bear, Lycaon, by Zeus into a wolf, Callisto 
into a bear, Io into a heifer; the enemies of Odin be- 
came boars, and so on. It is admittedly difficult to 
trace the original meaning of these legends, but the 
alleged metamorphosis of a god is at times clearly as- 
sociated with his worship under the form of the animal 
he turned into in the region where the metamorphosis 
was said to have occurred. Indra in the form of a bull 
encountered the monster Vritra, and released the cows 
he had stolen; Indra was invoked asa bull, and to 
him the bull and the cow were sacred among the Hin- 
dus. Derketo became a fish near Ascalon ; a fish-god- 
dess identified with her was worshipped in Syria, and 
the fish sacred to her were not eaten. Poseidon, the 
inventor of horses, was, as a horse, the father of the 


steeds Arion and Pegasus, and the horse was sacred to | 


1 A. de Gubernatis, Zoological Mythology, 1872, vol, ii. p. 145. 
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him. Jupiter Ammon appeared as a ram in the des- 
erts of Libya; in Libya he had an oracle where the ram 
was sacred to him, and his image wore ram’s horns. 
So too metamorphosis by gods is in some cases con- 
nected with local traditions. The Arcadians, or bear- 
tribe, sprang from the were-bear Callisto ; the Lycians, 
or wolf-tribe, were wolves when they conducted to the 
river Xanthus the were-wolf Leto, mother of the 
Lycian Apollo. Turning from the gods to the heroes 
of classical romance, we find traditions more interesting 
and more instructive, because they must have some 
real historical foundation. Yet they also abound in 
episodes of beast mothers and beast fathers, and also 
of lyeanthropy proper. Cyrus was suckled by a bitch, 
the Servian hero Milosh Kobilitch by a mare, the 
Norse Sigurd by a hind, the German Dieterich and 
the Latin Romulus by wolves; the progenitor of the 
Merovingian kings was a bull, of the Danish royal 
race a bear; Sigmund and Sinfiotli in the Volsunga 
Saga become wolves, Nagli in the Lyrbyggia Saga 
a boar. The Berserkir of Iceland asserted their ability 
to become bears and wolves, and dressed themselves in 
the skins of these animals; their existence, their garb, 
and their pretensions are historical facts. In the 
Sanskrit epic, the Mahabharata, the hero Puloman 
becomes a wild boar to carry off the wife of Bhrigu; 
the house of Brabant traced its origin to a transformed 
swan. Beast-form is, however, in mythology proper 
far oftener assumed for malignant than for benignant 
ends; indeed the heroes and anthropomorphic gods 
of the great religious systems are principally distin- 
guished for their victories over the semi-human semi- 
bestial demons. The bull Indra fights the demon ser- 
vent Vritra, and so forth; the Theban Cadmus, the 
asian Ivan, the Norse Sigurd, all encounter dragons 
or serpents, which possess human characteristics. In 
most of such cases indeed the human as well as the 
beast form is distinctly attributed to the demon. 

It is because they may after all be properly associ- 
ated with the undoubted phenomena of modern savage 
life that these facts of ancient mythology are here 
alluded to. Among savages there is the most confident 
belief in metamorphosis,—metamorphosis effected for 
the most salutary and for the most baneful ends. Inthe 
neighborhood of Tette on the Zambesi every chief is 
credited with the power of assuming lion shape; every 
lion is respected as being a transformed chief or the 
spirit of a chief departed. Moreover, there is a special 
class of ‘‘ doctors’? or medicine-men, known as ‘* pon- 
doros,”’ scattered through the villages, who pretend to 

owers of metamorphosis, and thus are regarded with 
oth respect and dread; their kindly disposition they 
display by hunting for the community in lion shape, 
and then bringing home the game. Among the Ara- 
waks of Guiana, the Kandhs of Orissa, and the Jakuns 
of the Malay peninsula, beast form is said to be as- 
sumed by those desiring to avenge themselves justly on 
enemies. Beast-parents and cases of women alleged to 
have borne beast children are also familiar to savages. 
But this is only one side of the picture. The ‘‘ kanai- 
ma-tiger’’ (7. e., man-jaguar) of Arawak may be pos- 
sessed by the spirit of a man devoted to bloodshed and 
cannibalism ; ‘‘ there is,’’ writes the Rev. Mr. Brett, 
‘no superstition more prevalent among the Indians 
than this, and none which causes more ,terror.”’ In 
Ashango-land, where there are distinct traces of animal 
worship, a were-leopard was at the time of Du Chaillu’s 
visit charged with murder and metamorphosis, and, 
confessing both, was slowly burnt to death, quite in the 
style of medizeval Hurope. Similar occurrences have 
been known among the Kols (of Chiitid-Nagptir) and 
among the Arabs. 


The expedients supposed to be adopted for effecting 
change of shape may here be noticed. One of the simplest 
apparently was the remoyal of clothing, and in particu- 
lar of a girdle of human skin, or the putting on of such a 
girdle,—more commonly the putting on of a girdle of the 
skin of the animal whose form was to be assumed. This 
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last device is doubtless a substitute for the assumption of 
an entire animal skin, which also is frequently found. In 
other cases the body is rubbed with a magic salve. To 
drink water out of the footprint of the animal in question, 
to partake of its brains, to drink of certain enchanted 
streams, were also considered effectual modes of accom- 
plishing metamorphosis. Olaus Magnus says that the Livo- 
nian were-wolves were initiated by draining a cup of beer 
specially prepared, and repeating a set formula. Mr. Ral- 
ston in his Songs of the Russian People gives the form of in- 
cantation still familiar in Russia. Various expedients also 
existed for removing the beast-shape. The simplest was 
the act of the enchanter (operating either on himself or on 
a victim); another was the removal of the animal girdle. 
To kneel in one spot for a hundred years, to be reproached 
with being a were-wolf, to be saluted with the sign of the 
cross, or addressed thrice by baptismal name, to be struck 
three blows on the forehead with a knife, or to have at least 
three drops of blood drawn were also effectual cures. The 
last-mentioned was quite essential to the subsistence of the 
superstition. Its absurdity would have much sooner ap- 
peared, but for the theory that, directly the were-wolf 
was wounded, he resumed his human shape; in every case 
where one accused of being a were-wolf was taken, he was 
certain to be wounded, and thus the difficulty of his not 
being found in beast form was satisfactorily disposed of. 


The foregoing types of lycanthropy, in which the 
divine or diabolical agency is always emphasized, are 
presumably less primitive than those cases in which 
superhuman agency is not so prominent. ‘The fol- 
lowing cases, therefore, seem to be more intimately 
connected with the origin of the belief. (1) The 
Kandhs believe “natural tigers to kill game only to 
benefit men, who generally find it but partially de- 
voured and share it; while the tigers which kill men 
are either Tari (a goddess), who has assumed the form 
of a tiger for purposes of wrath, or men who, by 
the aid of a god, have assumed the form of tigers, and 
are called ‘inleepa tigers.’ ’’? A distinction was pre- 
viously drawn between friendly and hostile lycanthro- 
pists; here a distinction is drawn between friendly and 
fostile tigers, and lyeanthropy is introduced to explain 
the cases of hostility. Again (2) in the native litera- 
ture of modern savages there constantly occur stories 
of the ‘‘ Beauty and the Beast’’ type, so distinctly re- 
sembling those of the Aryan Mahrchen as to indicate 
identity of origin; but, while in the Aryan story the 
beast-form of the hero or heroine is generally at last 
removed, in the savage story the incongruity of the 
beast-form is scarcely realized, and the Indian lover 
lives happily with his beaver bride, the Zulu maiden 
with her frog husband. And (3) in many instances the 
power or necessity of transformation is ascribed, not to 
individuals, but to clans or nations. Thus the abori- 
ginal Naga tribes of India seemed to the Aryans to take 
the form of serpents; the Neuri seemed to the Scythi- 
ans, and the Hirpini to the Romans, to become wolves, 
as also did the native Irish of Ossory to the early 
Christian priests; the Abyssinians credit the Buda 
caste (blacksmiths and potters of alien stock) with 
ability to become hyzenas at pleasure; the Berserkr- 
rage of Iceland is perpetuated in the nrodern Seandi- 
navian belief that Lanes and Finns can take the form 
of bears. In medieval times Blois had a special celeb- 
rity for were-wolves, and persons named Garnier or 
Grenier were generally assumed to be lycanthropists. 

When we find that these three distinct classes of 
primitive facts regarding lycanthropy are all referable 
to a common origin, there seems good reason for re- 
garding that as being in trath the origin of lycanthro- 
pous belief. And thus we are led to refer lycanthropy 
to the more general facts of primitive ToTEMISM (q.v.), 
for the facis recited are as undoubtedly characteristic 
of the latter as of the former. Where the totem is an 
animal it is regarded as the ancestor of the tribe; all 
animals of its species are revered, and are never wil- 
lingly killed ; however dangerous to life, they are feigned 
by the tribe to be friendly to them, and hostile only to 
their enemies. Applying these facts to the foregoing 
lyeanthropous phenomena in order, we observe (1) that 
the tiger is a totem god among the Kandhs; conse- 
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quently he reserves his wrath for their enemies.! In- 
dividual enemies would, however, be created whenever 
an individual Kandh had the blood-feud against an- 
other, for then his totem was bound to aid him. Such 
we saw was in fact the Kandh explanation of the wrath 
of the totem. The development of sorcery would na- 
turally lead to the utilization of the totem as assistant 
in it also. The Arawak ‘“‘kanaima’’ is both lawful 
avenger and cruel sorcerer; and from a similar reason 
probably did the wolf or were-wolf in Europe become 
a synonym for outlaw. The outlaw was at first simply 
the peaceless man—the man who preferred vendetta 
to money composition for injuries,—as he was origi- 
nally bound to do, subsequently entitled to do, and 
finally prohibited from doing. (2) The beast-hero of 
savage story ceases to be strange when we learn that 
‘‘a beaver,” ‘‘a dog,” ‘‘a grizzly bear,’’? mean re- 
spectively a person of a tribe having the animal in 
question for totem. And so too (3) with the third 
class of phenomena which contemplates tribes turned 
into beasts. The Nagas had the serpent for totem ; 
apparently the Hirpini, and the native Irish in many 
districts, had the wolf; they certainly venerated and 
worshipped that animal. ‘he Lapps are known to 
worship the bear. Blois means the ‘“‘ city of wolves.’’ 
Doubtless all cases of this sort admit of similar ex- 
planation. 


The doctrine of lycanthropy or metamorphosis of living 
men must be distinguished from the doctrine of metem- 
psychosis or transmigration of souls. It no doubt was usual 
to conclude that the souls of cataleptic and epileptie patients 
sojourned temporarily in animals, while the patients were 
unconscious; but this phase of lycanthropy is too rare and 
too abnormal to be associated with the origin of the super- 
stition. Transmigration after death, involving the belief 
in a future state, raises questions as puzzling as does lycan- 
thropy itself, and questions quite of a different kind, be- 
cause in normal lycanthropy the change effected is an ac- 
tual corporeal one. Mr. Tylor therefore throws little 
light on the origin of lycanthropy when he connects it 
with metempsychosis. In the form familiar tous it doubt- 
less involves the doctrine of “animism”’—the doctrine that 
animals, plants, and things are prompted to action by spirits 
similar to those possessed by men; but, whether lycan- 
thropy is simply a special application of a general doctrine 
of animism and is not rather one of the earliest advances 
from a blind totemism to a general animistic theory, may 
fairly be questioned. This at least seems plain: animism, 
apart from totemism, is not itself suflicient to explain lycan- 
throphy, for even animistic beliefs are not developed ab- 
normally, but along lines predetermined by circumstances. 
Mr. Tylor’s views are, however, so cautiously and so sug- 
gestively expressed as to deserve close study. Hardly so 
satisfactory are the other theories on the subject, which, 
passing over variations in detail, fall into two classes,—the 
mythological and the rationalistic. On the former view, now 
upheld by a large school of inquirers, the ancient Aryan 
myths, and their modern representatives the Mahrchen, are 
regarded as imaginative descriptions (principally due to the 
use of metaphorical language) of the great elemental powers 
and changes of nature. On such a view the occurrence of 
shape-changing gods and heroes is simple and natural, so 
long as the persons are purely mythical, because thus far 
nothing need be deemed strange or unnatural. But the 
theory breaks down when it ventures on elucidation of his- 
torical facts. It seems vain to contend,—although it is con- 
tended,—that “the terrible delusion of lycanthropy arose 
from the mere use of an equivocal word” (Adxos, “ wolf,” 
for Xenxds, “shining”). Attempt to substantiate in detail 
this explanation of history is absolutely fatal. ‘“ Whence,” 
it is asked, “came the notions that men were changed 
into wolves, bears, and birds, and not into lions, 
fishes, or reptiles?” and the triumphant reply is that the 
first-named animals were selected for glossiness or lumi- 
nosity of coat.2— Consequently, if transformation into the 
other animals was also believed in, the theory stands self- 
refuted. Now Hippomenes and Atalanta were for impiety 
turned into lion and lioness, Cadmus and Harmonia into 
serpents ; and these cases of transformation have almost as 
intimate an association with the historical belief in men- 
lions and men-serpents as the case of Lycaon (mythologi- 
cally=the shiner, the sun) has with lycanthropy. Cognate 


1 The Watusi of East Africa distinctly describe all wild beasts 
save their own totem-animals as enemy-scouts. 

2 Sir G. W. Cox, The Mylhologyo the Aryan Nations, London, 1870, 
vol. i. pp. 63 note, 231, 363, 459; vol. ii. p. 78 note. 
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to the mythological doctrine is the doctrine of the personi- | 
fication as demons of all obstacles which men have encoun- | 
tered in the long struggle for existence,—among these the 
wilder and more savage animals. This is just a one-sided 
animism ; it is inadequate to explain how the savage beasts 
so often became mild and gentle men. The rationalistic 
theories are open to the same objections ; to account for di- 
vine and benignant lycanthropists they have to be supple- 
mented by the mythological theories ; they themselves deal | 
exclusively with the more repulsive characteristics. The 
most recent exponent of the rationalistic theory is Mr. | 
Baring-Gould, who rests his case on a proof of the facts | 
that there is “ an innate craving for blood implanted in cer- 
tain natures, restrained under ordinary circumstances, but 
breaking forth occasionally, accompanied with hallucination, 
leading in most cases to cannibalism.” ‘That cannibalism 
and craving for blood had a natural (though not a neces- 
sary) connection with lycanthropy, if it originated among 
savages, need not be disputed; but Mr. Baring-Gould’s in- 
stances, drawn from medieval European history, are un- | 
doubtedly exceptional. Hallucination, however, has been | 
accepted as sufficient explanation of lycanthropy by many 
eminent authorities, besides Mr. Gould, and raises a graver | 

uestion. Belief in transformation into beasts has been ac- 

nowledged as a distinct type of monomania by medical 
men since the days of Paulus Agineta (7th century) at 
least ; but even in madness there is method, and insane de- 
lusious must reflect the usages and beliefs of contempora- 
neous society. Here the weakness of the case appears. | 
Mr. Gould, for instance, merely states that the victims | 
were rustics, and wolves the chief terror of their home- | 
steads, an explanation valid only on the assumption that the | 
idea of metamorphosis was already familiar,—an assump- 
tion, that is, of the whole matter at issue. Besides, it is | 
the popular, not the individual, belief in transformation 
that is strange ; to trace its origin to insane delusion makes 
it stranger still, for sane men are particularly sceptical re- 
garding the reality of the impressions of the insane. Sane 
men, moreover, believed in transformation, not only into 
malignant wolves, but also into harmless cats and hares, 
which in consequence became malignant and dangerous. 
How can the rationalistic theory account for a phenomenon 
like this? On the whole, there seems little doubt that, 
whether the origin of lycanthropy rests in totemism or not, 
Mr. Tylor is right in referring lycanthropous insane delu- 
sions to an antecedent belief in lycanthropy, instead of as- 
cribing lycanthropy to insane delusions. 


Literature.—In the numerous medieval works directed to the 
study of sorcery and witchcraft, the contemporaneous phases of 
lycanthropy occupy a prominent place. In addition to the au- 
foots who have been already mentioned, the following may be 
named as giving special attention to this subject :-—-Wier, De 
Prestigiis Demmmum, Arnsterdam, 1563; Bodin, Démonomanie des 
Sorciers, Paris, 1580; Boguet, Discours des Sorciers, Lyons, 2d ed. 
1608; Lanere, Tableau de V Inconstance de Mauvais Anges, Paris, 
16123; Psellus, De Operatione Demonum, Paris, 1615; see also Glan- 
vil, Sadducismus Triumphatus, for the English equivalents of lycan- 
thropy. Treatises peel confined to lycanthropy are rare both 
in medizval and in modern times; but a few are well known, as, 
for instance, those of Bourquelot and Nynauld, Dela Lycanthropie, 
Paris, 1615; Hartz, De Werwolf, Stuttgart, 1862; Baring Gould, | 
The Look of Were-wolves, London, 1865. Incidentally, however, ly- 
canthropy has engaged the attention of a large number of writers, 
most of whom theorize regardingits origin. An exhaustive enu- 
meration of these cannot be here attempted; but the following 
works will be found a Mgrs instructive :—Grimm, Deutsche 
Mythologie, vols. ii, and iii., 4th ed., Berlin, 1878; Welcker, Kleine 
Schriften, vol. iii., Bonn, 1850 ; Waitz, Anthropologie, vol. ii., Leipsie, 
1860; Dasent, Popular Tales from the Norse (Introduction), Edin- 
burgh, 1859; Afanasief, Pocticheskiya Vozzryeniya Slavyan na Pri- 
rodu, vol. iii., Moscow, 1869; Tylor, Primitive Culture, vol. i., Lon- 
don, 1871, and Anthropology, chaps. xiv. and xy., London, 1881; 
Gubernatis, Zoological Mythology (especially chaps. xi. and xii.), 
London, 1872; Ralston, Songs of the Russian People, London, 1872; 
Laisnel de la Salle, Croyances et Legendes du Centre dela France, 
Paris, 1875; Conway, Demonology and Devil Lore, yol.i., London, 1879. 
For the medical aspects of lycanthropy, consult the Asylum Jour- 
nal oe Science, vol. iii. p. 100 (Dr. D. H. Tuke), and authori- 
ties there cited. (J. F. M'L.) 


LYCAON, son of Pelasgus or of Aizeus, was the 
mythical first king of Arcadia, who founded the first 
city Lycosoura and the worship of Zeus on Mount 

yyceeus. He, or his fifty impious sons, entertained 
Zeus and set before him a dish of human flesh; the 

od pushed away the dish in disgust and overturned 
the table at a place called Trapezus. In punishment | 
either lightning slew the king and his sons, or they 
were turned into wolves. Pausanias (viii. 2) says that 
Lycaon sacrificed a child to Zeus, and was during the 
sacrifice turned into a wolf. Henceforth the story ran 
_ —a man was turned into a wolf at each annual sacrifice 
to Zeus Lyczeus, recovering his human form after ten 


oo 


| Galatia, was almost wholly barren. 
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ears if he had not during that time eaten human flesh. 

ycaon is evidently the Lyczean form of a very common 
conception, viz., the divine first man, whose life is the 
heavenly fire, who comes to earth and returnsto heaven 
as the lightning. The oldest city, the oldest cultus, 
and the first civilization of Arcadia are attributed to 
him. ‘The mysterious cultus and the human sacrifices, 
which continued apparently through the historical 
period (Paus., viii. 38), of Zeus Lyczeus have moulded 
the legends of the Lyczean first man and first king. 
Moreover his name, which is connected with that of 
the mountain, suggested a derivation from Aéxoc, wolf; 


/and legends analogous to those of the Teutonic were- 


wolf (see LYcANTROPHY) naturally grew round him. 
LYCAONTIA, in ancient geography, was the name 
eon to a province in the interior of Asia Plate II 
Minor, north of Mount Taurus. It was ae 
bounded on the E. by Cappadocia, on the N. by Galatia, 


}on the W. by Phrygia and Pisidia, while to the S. it 


extended to the chain of Mount Taurus, from which it 


| was, however, in part separated by Isauria, though 


some writers included that district in Lycaonia. Its 
boundaries appear indeed to have varied at different 
times, as was the case with all the nations of Asia 
Minor. The name is not found in Herodotus, but 
Lycaonia is mentioned by Xenophon as traversed by 
Cyrus the younger on his march through Asia. That 
author, however, describes Iconium, one of the prin- 
cipal cities of Lycaonia, as included in Phrygia. But 
in Strabo’s time the limits of the province were more 
clearly recognized, though Isauria was by some authors 
considered as a part of Lycaonia, by others as a dis- 
tinct province. tolemy, on the other hand, includes 
Lycaonia as a part of Cappadocia, with which it may 
have been associated by the Romans for administrative 
purposes; but the two countries are clearly distin- 
guished both by Strabo and Xenophon. 

Lycaonia is well described by Strabo as a cold region 


of elevated plains, affording pasture to wild asses and 


to sheep. Itin fact forms a part of the great table- 
land which constitutes the whole interior of Asia Minor, 
and has throughout its whole extent an elevation of 
more than 3000 feet above the sea. It suffers, more- 
over, severely from the want of water, aggravated by 
the abundance of salt in the soil, so that the whole 
northern portion of the province, extending from near 
Iconium to the salt lake of Tatta, and the frontiers of 
Other portions 
of the country, however, notwithstanding the deficiency 
of water, were well adapted for feeding sheep, so that 
Amyntas, king of Galatia, to whom the district was 
for a time subject, maintained there not less than three 
hundred flocks, which brought him in a large revenue. 

Though the greater part of Lycaoniais a broad open 
plain, extending as far as the underfalls of the Taurus, 
its monotonous character is Interrupted by some minor 
ranges, or rather groups of mountains, of volcanic 
character, of which the Kara Dagh in the southern 
portion of the district, a few miles north of Karaman, 
rises to a height of above 8000 feet, while the Karadja 
Dagh, to the northeast of the preceding, though of 
very inferior elevation, presents a striking range of vol- 
canic cones. The mountains in the northwest of the 

rovince, near Iconium and Laodicea, on the other 
Raa are the termination of the great range of the 
Sultan Dagh, which traverse a large part of Phrygia. 

The Lycaonians appear to have been in early times 
to a great extent independent of the Persian empire, 
and were like their neighbors the Isaurians a wild and 
lawless race of freebooters; but their country was 
traversed by one of the great natural lines of high road 
through Asia Minor, from Sardis and Ephesus to the 
Cilician gates, and a few considerable towns would 
naturally grow up along this line of route. The most 
important of these was Iconium, in the most fertile 
spot in the province, of which it has always continued 
to be the capital. It is still called Konieh. A little 
farther north, immediately on the frontier of Phrygia, 
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stood Laodicea (Ladik), called Combusta, to distinguish 
it from the Phrygian city of that name ; and in the south, 
near the foot of Mount Taurus was Laranda, now called 
Karaman, which has given name to the province of 
Karamania. Derbe and Lystra, which appear from the 
Acts of the Apostles to have been considerable towns, 
were apparently situated in the same part of the dis- 
trict, but their sites have not been identified. The 
other towns mentioned by ancient writers were insig- 
nificant places. 

The Lycaonians appear to have still retained a dis- 
tinct nationality in the time of Strabo, but we are 
wholly in the dark as to their ethnical affinities, or re- 
lations to the tribes by which they were surrounded. 
The mention of the Lycaonian language in the Acts of 
the Apostles (xiv. 11) is evidently only intended to 
designate the vernacular tongue, as opposed to Greek, 
and cannot be regarded as any proof that they spoke 
a different language from their neighbors the Phrygians 
or Cappadocians. 

LYCLA, in ancient geography, was the name given 

to a district in the southwest of Asia Minor 
Plate II. : ° 4 4 , 
occupying the portion of the coast between 
Caria and Pamphylia, and extending inland as far as 
the ridge of Mount Taurus. The region thus desig- 
nated is one strongly marked by nature, as constituting 
a kind of peninsula or promontory projecting towards 
the south from the great mountain masses of the in- 
terior. It was also inhabited from a very early period 
by a.distinct people, known to the Greeks as Lycians, 
but whose native name, according to Herodotus, was 
Termilee, or (as it is written by Hecateeus) Tremilee, 
and this is confirmed by native inscriptions, in which 
the name is written Tramile. Herodotus tells us also 
that they were not the original inhabitants of the 
country, which was previously oceupied by the Milyans, 
and this is rendered probable by the fact that a people 
of that name was still found in the rugged mountainous 
district in the northeast, who appear to have always 
continued distinct from the Lycians. But the state- 
ment of the same historian that they originally came 
from Crete is in the highest degree improbable; and 
the attempts to connect them with the Greek legendary 
history through Sarpedon and Lycus, a son of Pandion, 
may be safely rejected as mere fictions. 

The Lycians alone among the nations in the west of 
Asia Minor preserved their independence against the 
kings of Lydia; but after the fall of the Lydian monarchy 
(in 546 B.c.) they were subdued by Harpagus, the gene- 
ral of Cyrus, though not till after an obstinate resist- 
ance in which Xanthus, their chief city, was utterly 
destroyed. But, though they were from this time 
nominally subject to Persia, they appear to have en- 
joyed a considerable amount of independence, which 
they afterwards maintained by joining the Athenian 
maritime league. They were conquered almost with- 
out resistance by Alexander, and thus passed under 


the Macedonian dominion, sometimes of the 
Ptolemies, sometimes of the Seleucidans. But 
through all these vicissitudes, as well as after 


their ultimate submission to the Roman _ power, 
they continued to preserve their federal institutions, 
which remained unimpaired, in form at least, as late 
as the time of Augustus. Strabo, who has preserved 
to us an account of their constitution, which he regards 
as the wisest form of federal government with which 
he was acquainted (a judgment confirmed by the high 
authority of Montesquieu), tells us that the league 
consisted of twenty-three cities in all, of which the six 

rincipal were Xanthus, Patara, Pinara, Olympus, 
Myra, and Tlos. ‘These six had each three votes in 
the general assembly ; of the remaining cities the more 
considerable had each two votes, and ne rest only one. 
The payment of taxes and other public burthens were 
apportioned in the same manner, and the choice of the 
supreme magistrate, who was styled Lyciarch, and the 
other magistrates of the league rested with the fede- 
ral assembly. At the same time the internal affairs 
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of each city were managed by a senate or council 
(Boule), and a general assembly of the people 
(Demos), in the same manner as was usual with Greek 
cities. ‘This system of government continued to sub- 
sist under the Roman empire, though of course sub- 
ject to the control as well as protection of the sovereign 
power; but in the time of Claudius dissensions among 
the separate cities afforded a pretext for the interven- 
tion of Rome, and Lycia became formally annexed to 
the Roman empire. It was at first united in the same 
province with Pamphylia; but in the reign of Theo- 
dosius it was constituted a separate province, ~ 

Almost the whole of Lycia is a rugged mountainous 
country, traversed by offshoots an A incre of the 
great range of Mount Taurus, which occupies the 
whole interior or northern part of the district, and sends 
down to the sea great arms or branches, constituting 
lofty promontories. The consequence is that the coast, 
though less broken and irregular than that of Caria, 
is indented by a succession of bays,—the most marked 
of which is that called in ancient times the Glaucus 
Sinus, now the Gulf of Macri, in the extreme west of 
the province, and separating Lycia from Caria. A 
number of smaller bays, and broken rocky headlands, 
with a few small islets lying off them, constitute the 
coast-line from thence to the southeastern promontory 
of Lycia, formed by a long narrow tongue of rocky 
hill, known in ancient times at the Sacred Promontory, 
with three small adjacent islets, called the Chelidonian 
islands, which was regarded by some ancient geogra- 
phers as the commencement of Mount Taurus—an 
opinion justly controverted by Strabo. But it really 
forms an important point in the geography of Asia 
Minor, where the coast trends abruptly to the north 
till it reaches the confines of Pamphalia Tt was be- 
lieved by Strabo to be directly opposite to Canopus in 
Kgypt, and to be the point where the interval be- 
tween the two continents was the shortest. 

Though the mountain ranges of Lycia may all be con- 
sidered as in reality offshoots of Mount Taurus, several 
of them in ancient times were distinguished by sepa- 
rate names. Such were Mount Deedala in the west, 
adjoining the Gulf of Macri, Mount Cragus on the sea- 
coast, west of the valley of the Xanthus, and Mount 
Massicytus nearly in the centre of the region, rising to 
a height of 10,000 feet, while Mount Solyma in the 
extreme east, above Phaselis, rises abruptly from the 
sea to an eleyation of 7800 feet. The steep and rug- 
ged pass between this mountain and the sea, called the 
Climax, or Ladder, was the only direct communication 
between Lycia and Pamphylia. 

The only two considerable rivers in Lycia ane 
the Xanthus, which descends from the central mass of 
Mount Taurus, and flows through a narrow valley till 
it reaches the city of the same name, below which it 
forms a plain of some extent before reaching the sea, 
and (2) the Limyrus, which enters the sea near Limyra. 
The Arycandus and the Andriacus, which are inter- 
mediate between the two, are much less considerable 
streams, and do not flow from the central chain. The 
small alluvial plains at the mouths of these rivers are 
the only level ground in Lycia; but the slopes of the 
hills that rise from thence towards the mountains are 
covered with a rich arborescent vegetation of the most 
beautiful character. (See the description of it by 
Forbes, quoted in Asta Minor, vol. ii. p. 620.) The 
upper valleys and mountain sides afford good pasture 
for sheep, and the main range of Mount Taurus en- 
closes several extensive yadlahs or upland basin-shaped 
valleys of the peculiar kind so charaeteristic of that 
range throughout its extent (see Asta Mrnor, p. 
615). 

i is very difficult to determine the limits of Liycia 
towards the interior; and the boundary seems to have 
varied repeatedly at different times. The high and 
cold upland tract to the northeast, called Milyas (which 
was supposed to retain some remains of the aboriginal 
population of Lycia), was by some writers ineluded in 
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that province, though it is naturally more connected 
with Pisidia, A similar tract to the west of this, and 
also situated to the north of the watershed of Mount 
Taurus, was termed Cabalia; but this had no natural 
connection with Lycia, nor was in early times ever 
politically united with it, the four cities that were situ- 
ated in this region—Cibyra, with its dependent towns 
(Hnoanda, Balbura, and Bubon—having always formed 
a separate league or 'l'etrapolis, which had no connec- 
tion with the Lycian league. It was not till after 
their annexation to Rome that Cibyra, with the dis- 
trict adjoining it, termed the Cibyratis, was united to 
Phrygia, while the three other towns above enume- 
rated were annexed to Lycia. 

According to Artemidorus (whose authority is fol- 
lowed by Strabo), the towns that formed the Lycian 
league in the days of its integrity were twenty-three 
in number; but Pliny tells us that Lycia once pos- 
sessed seventy towns, of which only twenty-six re- 
mained in hisday. Recent researches have fully con- 
firmed the fact that, notwithstanding its rugged 
character, the sea-coast and the valleys that ran up 
into the interior were thickly studded with towns, 
which in many cases are proved by existing remains to 
have been places of considerable importance. The 
names have been for the most part identified by means 
of inscriptions, and we are thus enabled to fix the 
position of the greater part of the cities that are 
mentioned in ancient authors. Onthe Gulf of Glau- 
cus, near the frontiers of Caria, stood Telmessus, an 
important place, while a short distance from it in 
the interior were the small towns of Dzedala and 
Cadyanda. At the entrance of the valley of the 
Xanthus were Patara, Xanthus itself, and, a little 
higher up, Pinara on the west and Tlos on the east 
de of the valley, while Araxa stood at the head 
of the valley, just at the foot of the pass leading | 
into the interior. Sidyma, on the slope of Mount | 
Cragus, seems also to have borne the name of the 
mountain, as was also the case with Massieytus, if there 
was really a city of the name at all. Myra, one of the 
most important cities of Lycia, occupied the entrance 
of the valley of the Andriaeus; on the coast between 
this and the mouth of the Xanthus stood Antiphellus, 
while in the interior, at a short distance, were found 
Phellus, Cyanex, and Candyba. In the alluvial plain 
formed by the outlets of the rivers Arycandus and 
Limyrus stood Limyra, and encircling the same bay 
the three small towns of Rhodiapolis, Corydalla, and 
Gage. Arycanda commanded the upper valley of the 
river of the same name. On the east coast stood 
Olympus, one of the cities of the league, though it 
could neyer have been more than a small town, while 
Phaselis, a little farther north, which was a much 
more important place, never belonged to the Lycian 
league, and appears to have always maintained an in- 
dependent position. We havethus in all twenty-one 
towns of which the sites have been ascertained, but 
the oceurrence of other considerable ruins, to which no 
names can be attached with any certainty, confirms 
the statement of Pliny as to the great number of the 
Lycian towns. 

The cold upland district of the Milyas appears never 
to have contained any town of importance. Podalia 
seems to have been its chief place. Between the Mil- 
yas and the Pamphylian Gulf was the lofty mountain 
range of Solyma, which was supposed to derive its 
name from the Solymi, a people mentioned by Homer 
in connection with the Lycians and the story of Bel- 
lerophon. No such name was known in historical times 
as an ethnie appellation, but they were supposed by 
some writers to be the same people with the Milyans, 
while others regard them asa distinct people of Semitic 
origin. It was in the flank of this mountain, near a 
place called Deliktash, that the celebrated fiery source 
called the Chimzera, which gave rise in ancient times 
to so many fables, was found. It has been visited in 
modern times by Captain Beaufort, Messrs, Spratt and 
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Forbes, and other travellers, but is merely a stream of 
inflammable gas issuing from crevices in the rocks, 
such as are found in several places in the Apennines. 
No trace of recent voleanic action exist in Lycia. 


Few parts of Asia Minor were less knuvwn in modern 
times than Lycia until a very recent period. Captain 
Beaufort was the first to visit several places on the sea- 
coast, and the remarkable rock-hewn tombs of Telmessus 
had been already described by Dr. Clarke, but it was Sir 
Charles Fellows who first discovered and drew attention to 
the extraordinary richness of the district in ancient re- 
mains, especially of a sepulchral character. His two visits 
to the country, in 1838 and 1840, were followed by a more 
regular expedition sent out by the British Government in 
1842 for the purpose of transporting to England the valu- 
able monuments now in the British Museum, while Lieu- 
tenant (now Admiral) Spratt and Professor Edward Forbes 
explored the interior of the district, and laid down its 
physical features on an excellent map. The monuments 
thus brought to light are certainly among the most inter- 
esting of any that have been discovered in Asia Minor, 
and, while showing the strong influence of Greek art, both 
in their architecture and sculpture, prove also the existence 
of a native architecture of wholly distinct origin, especially 
in the rock-cut tombs, some of which present a strange 
resemblance to our English Elizabethan style, while others 
distinctly evince their derivation from the simple con- 
struction of the mud and timber built cottages of the 
natives. But the theatres that are found in almost every 
town, some of them of very large size, are alone sufficient 
to attest the pervading influence of Greek civilization; and 
this is confirmed by the sculptures, which are for the most 
part wholly Greek. None of them, indeed, can be ascribed 
to a very early period, and hardly any trace can be found 
of the influence of Assyrian or other Oriental art, 

One of the most interesting results of these recent re- 
searches has been the discovery of numerous inscriptions 
in the native language of the country, and written in a 
character, or at least an alphabet, before unknown, and 
which appears to have been peculiar to Lycia. <A few of 
these inscriptions are fortunately bilingual, in Greek and 
Lycian, which has afforded a clue to their partial interpre- 
tation, and the investigations of Mr. Daniel Sharpe in the 
first instance, followed by the more mature essays of Moritz 
Schmidt and Savelsberg, have established the fact that the 
Lycian language belonged to the great Aryan family, and 
had close affinities with the Zend. The alphabet in which 
the inscriptions are written is obviously derived from the 
Greek, no less than twenty-four of the letters being identi- 
cal, while most of the additional letters appear to have 
been invented in order to express vowel sounds which 
were not distinguished in Greek. None of the Lycian 
inscriptions, however, any more than the sculptures, can 
lay claim toa high antiquity. It is remarkable that the 
Greek alphabet upon which it was founded appears not to 
have been the Ionic alphabet which was in general use in 
Asia Minor, but was more akin to the Dorie alphabet in 
use in the Peloponnese. 

For these modern researches see A Journal writlen during an 
Excursionin Asia Minor, London, 1839, by Sir Charles Fellows; An 
Account of Discoveries in Lycia, by the same author, London, 1841; 
Travels in Lycia, Milyas, and the Cibyratis, by Lieutenant Spratt and 
Professor Edward Forbes, 2 vols., London, 1847; Moritz Schmidt, 
Neue Lykische Studien, Jena, 1869; Savelsberg, Beitrdge zur Entziffe- 
rung der Lykischen Sprachdenkmiler, Bonn, 1874. (E. H. B.) 


LYCOPHRON was a Greek poet who flourished at 
Alexandria in the time of Ptolemy Philadelphus 
(285-47 B.c.). He was born at Chalcis in Kubeea, 
and was the son of Lycus. He wrote a number of 
tragedies, forty-six or sixty-four, and Suidas gives the 
title of twenty of them. Only afew lines are preserved 
of these works, which gained him a place in the Pleiad 
of Alexandrian tragedians. He was entrusted by 
Ptolemy with the task of arranging the comedies in 
the Alexandrian library, and out of this work grew 
his treatise epi kwuwdiac, in at least eleven books. It 
seems to have treated of the history of comedy, of the 
lives of the comic poets, and of various topics subsidi- 
ary to the proper understanding of their poems, but 
nothing has been preserved of the work. One of his 

oems called Cassandra, containing 1474 lines of iam- 

ic, has been preserved entire. It is in the form of a 
prophecy uttered by Cassandra, and relates the later 
fortunes of Troy and of the Greek and Trojan heroes. 
References to various events of mythic and of later 
time are introduced, and the poem ends with a refer- 
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ence to Alexander the Great, who was to unite Asia 
and Europe in his world-wide empire. The style, as 
befits a prophecy, is so enigmatical as to have procured 
for Lycophron, even among the ancients, the title of 
the ‘‘obscure’’ (6 cxorecvdc), ‘The poem is evidently 
intended to display the writer’s knowledge of obscure 
names and uncommon myths; it is full of unusual 
words of doubtful meaning gathered from the older 
oets, along with many long-winded compounds coined 
by the author. It has none of the qualities of poetry, 
and was probably written, not for the enjoyment of the 
ublic, but as a show-piece for the Alexandrian school. 
t was very popular in the Byzantine period, and was 
read and commented on very frequently ; the collection 
of scholia by L and J. Tzetzes is very valuable, and 
the MSS. of the Cassandra are numerous. <A. few 
neat and well-turned lines which have been preserved 
from Lycophron’s tragedies show a much better style ; 
they are said to have been much admired by Menede- 
mus of Hretria, although the poet had ridiculed him 
in asatyric drama. lJycophron is also said to have 
been a skilful writer of anagrams, a reputation which 
does not speak very highly for his poetical character. 
Two passages of the Cassandra, 1446-50 and 1226-82 in 
which the career of the Roman people and their universal 
empire are spoken of, could evidently not have been writ- 
ten by an Alexandrian poet of 250 B.c. Hence it has been 
maintained by Niebuhr and others that the poem was 
written by a later poet mentioned by Tzetzes, but the opinion 
of Welcker is generally counted more probable, that these 
paragraphs are a later interpolation; a prophetic poem is 
peculiarly liable to have additions inserted, and the Roman 
rule was the most natural subject to add. 
See Welcker, Griech. Traq.; Konze, De Lycophronis Dic- 
tione; and Bernhardy’s and other histories of Greek litera- 
ture. 


LYCOPODIUM. This and Selaginella are the 
two chief genera of the order of Jayjcopodiucece 
or club mosses. hey are flowerless herbs, and 
mostly creeping; but during the period of the 
development of coal plants members of this order 
attained to the dimensions of lofty trees. A re- 
markable bed of Scotch coal called the ‘‘ better bed” 
was found on microscopical examination to be almost 
entirely composed of the spores and sporanges of some 
“lycopod.’? There are one hundred species, which 
occur in all climates, five being British. The leaves 
of lycopodium are for the most part small, and thickly 
cover the stem and branches. The ‘‘ fertile’’ leaves 
are arranged in cones, and bear sporanges in their axils, 
containing spores of one kind only (of two kinds in 
Selaginella). The prothallium developed from the 
spore is a subterranean mass of tissue of considerable 
size, aud bears the male and female structures (anthe- 
ridia and archegonia). See Micrographic Dict. ; Ve 
Maout and Deeaisne’s Dese. and Anal. Bot., Eng. 
ed., p. 911; and Sach’s Teaxt-book of Bot., Eng. ed. 
p. 400 sq. Gerard, in 1597, described two kinds of 
lycopodium ( Flerball, p. 1373) under the names Muscus 
denticulatus and Muscus clavatus (I. clavatum, I.) as 
‘*Club Mosse or Woolfes Clawe Mosse,’’ the names 
being in Low Dutch, ‘‘ Wolfs Clauwen,’’ from the re- 
semblance of the club-like or claw-shaped shoots to the 
toes of a wolf, ‘‘ whereupon we first named it [zycopo- 
dion.”’ Gerard also speaks of its emetic and many 
other supposed virtues. LZ. Selago, L., and L. cathar- 
ticum, Hook., of South America, have been said to be, 
at least when fresh, cathartic; but, with the exception 
of the spores (‘‘lycopodium powder’’), lyeopodium as 
a drug has fallen into disuse. The powder is used for 
rolling pills in, as a dusting powder for infants’ sores, 
ete. It is highly ratarniaable, and is used in pyro- 
techny and for artificial lightning on the stage. If 
the hand be covered with the powder it cannot be 
wetted on being plunged into water. Another use of 
lycopodium is for dyeing; woollen cloth boiled with 
species of lycopodium, as J. clavatum, becomes blue 
when dipped in a bath of Brazil wood. 

LYCURGUS, a famous Spartan lawgiver. 
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the ancients themselves differed so widely in their ac- 
counts of Lycurgus that Plutarch could begin his life 
by saying that he could assert absolutely nothing about 
him which was not controverted, it is not surprising 
that modern historical criticism has been disposed to 
relegate him wholly into the region of pure myth. 
One tradition would put him as far back as the age of 
Troy ; another would connect him with Homer; while 
Herodotus implies that he lived in the 10th century 
B.C. It is now usual, on the strength of a passage in 
Thucydides (bk. i. chap. 18), which represents Sparta 
as having enjoyed a well-established political gonstitu- 
tion for as much as four hundred years before the Pelo- 
ponnesian war, to assign him to the 9th century 
B.C., and to accept him asa real historical person. But 
as to the character and result of his legislative work 
there still remain very conflicting opinions, due to the 
circumstance that such data as we possess are suscepti- 
ble of exceedingly diverse inferences and interpreta- 
tions. Plutarch’s life, which is the fullest and most 
detailed account we have of him, is not merely the 
compilation at second hand of a late age (2d century), 
but also abounds in statements which any one with 
any knowledge of the early growth of political societies 
feels to be inherently improbable. Grote prefers on 
the whole to be guided by what may be fairly inferred 
from the allusions to his legislation in Aristotle, as 
being one of our earliest sources of information and 
certainly the most philosophical estimate of his work. 
With Thirlwall he takes him to have been a real per- 
son, and assumes that he was the instrument of estab- 
lishing good order among the Spartans, hitherto, ac- 
cording to Herodotus, the most lawless of mankind, 
and of thus laying the foundations of Spartan strength 
and greatness. 

The traditional story was that when acting as guar- 
dian to his nephew, Labotas, king of the Spartans, he 
imported his new institutions from Crete, in which a 
branch of the Dorian race had for a considerable period 
settled themselves. It was said that he had travelled 
widely, and gathered political wisdom and experience 
in Kgypt and even in India. With the support of the 
Delphic oracle, which was specially reyerenced by 
Dorians, he was able to accomplish his work and to 
regulate, down to the smallest details, the entire life 
of Sparta. He lived to see the fruit of his labor, and, 
having bound his fellow countrymen to change nothing 
in his laws till his return, he left them for Delphi, and 
was never seen by them again. The oracle aecheed 
that Sparta would prosper as long as she held fast by 
his legislation, and upon this a temple was built to his 
honor, and he was worshipped as a god. 

It was the fashion with writers like Plutarch, from 
whom our notions of Lycurgus have been mainly de- 
rived, to represent the Spartan lawgiver as the author 
of a wholly new set of laws and institutions. It need 
hardly be said that any such view has long been aban- 
doned, and that Lycurgus’s work, great as it no doubt 
was, did not go beyond formulating what already 
existed in germ, and was in fact the peculiar pening 
of the Spartans as members of the Dorian race. It 
has been contended that the laws of Sparta were the 
typical Dorian laws, and that Sparta herself was the 
special representative, politically and socially, of the 
Dorian race. It appears, however, to have been the 
general view of the Greeks themselves that many of 
her most important institutions, more especially the 
severity of her military training and of her home dis- 
cipline, were peculiar to Sparta, and were by no means 
shared by puck states as Corinth, Argos, Megara, all 
of Dorian origin. Grote lays great stress on this point 
(History of Greece, chap. vi.), and maintains that 
it was the singularity of the Spartan laws which made 
such a deep impression on the Greek mind. The 
truth indeed seems to be that Sparta’s political organi- 
zation in its main lines was of the Dorian type, and 
resembles the pictures given us in the Homeric poems, 
but that much in her social life and military arrange- 
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ments was absolutely unique. It is here that in all 
robability may be traced the genius and foresight of 
yeurgus, and he may thus well deserve the credit of 
having started Sparta on a new career. 

The council of elders (gerousia, or senate), a distine- 
tive feature of the Hellenic states generally, must 
have existed at Sparta long befure Lycurgus, nor is it 
at all certain that he fixed its number at twenty-eight, 
the two kings who sat and voted in it making it up to 
thirty members. It was elected from the people from 
candidates who had reached the age of sixty, and a 
senator once elected was a senator for life. It united 
the functions of a deliberative assembly and of a court 
of justice, and it prepared measures which were from 
time to time submitted to periodical assemblies of the 
people, which, however, had simply to accept or re- 

ject, without any power of amendment or criticism. 

v far the constitution of Sparta was distinctly oli- 
garchical. The two kings, whose office was hereditary, 
and whose descent was from the famous family ot the 
Heraclids, had but very limited political powers, and, 
with some few exceptions, even little more than ordi- 
nary senators. They owed their position and preroga- 
tives to the religious sentiment of the people, which 
reverenced their noble and quasi-divine origin, and ac- 
cepted them as legitimately the high priests of the 
nation and as specially qualified in great emergencies 
to consult the Delphic oracle and receive its answers. 
An ample royal domain was assigned to them, and 
some rather delicate legal matters, such as the bestow- 
ment of the hand of au orphan heiress, were entrusted 
to their discretion. By far the most important of 
their duties was the command of the army on a foreign 
expedition 
of war. In fact they closely resembled at all points 
the kings of the heroic age, and the honor and rever- 


ence in which they were held was far greater than. 


their actual power, which really was curtailed within 
such narrow limits that it was not possible for them to 
establish anything like a tyranny or despotism. 

One great check on the kings was a board of magis- 
trates, annually elected by the people, termed ephors, 
a name not confined to Sparta, whence we may fairly 
infer that this institution also by no means owed its 
origin to Lycurgus. A comparison has been suggested 
between the Spartan ephors and the tribunes at Rome. 
Both were certainly popular magistrates, and as it was 
at Rome, so too at Sparta, at any rate in her later 
days, these magistrates made themselves the great 
power in the state. There was a form of ancient 
oaths between the king and the ephors, the king 
swearing that he would respect the established laws, 
and the ephors swearing that on that condition he 
should retain his authority and prerogatives. The 
unanimous view of antiquity was that it was the 
special business of the ephors ‘‘to protect the people 
and restrain the kings.’? We gather from passages in 
Thueydides that they had in his time great political in- 
fluence, and in the time of Aristotle they had attained 
such a position that he says they did not choose to 
conform themselves to the strict discipline prescribed 
to Spartan citizens./ Although the king took the 
command in war, it was for the ephors to say when war 
should be made, and on what terms peace should be 
concluded. Any public magistrate, the kings not ex- 
cepted, was liable to be called to account by them, 
while they themselves seem to haye been irresponsible. 
Of course the fact that they were annually elected 
necessitated a general conformity in their policy to the 

popular will. at so great and arbitrary were their 
powers that Plato hints that the Spartan constitution 
might be almost described as a tyranny. Indeed they 
were to Sparta what the House of Commons is to 
England, ‘‘the moving spring,’’ as Arnold says 
(Thucy., App. I].), of the whole Spartan govern- 
ment. 

Of the institutions we have described, not one, as 
we have seen, was peculiar to Sparta, or, it may be 
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with, however, the assistance of a. council | 
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inferred, due to Lycurgus. They were indeed all con- 
nected by tradition with his name, and we may believe 
that he did his best to put them ona sound basis, 
though, as to the ephors, there is reason to think that 
they formed no part of the original Spartan constitu- 
tion. One thing is certain that there was a perma- 
nence about Lycurgus’s work, whatever it may have 
been, to which Sparta’s long freedom from reyolition 
was unanimously attributed. She owed this no doubt 
mainly to her peculiar social customs and usages, and 
it is here that in the opinion of both Grote and 'Thirl- 
wall we must specially look for the reforming hand of 
Lycurgus. 

It was of the first importance that the Spartan 
should be an efficient soldier. He was a conqueror in 
the midst of a subject population, to which he stood 
in the same relation in which the Norman for a time 
at least stood to the Saxon. This subject population 
was made up of two classes, the Periceci (dwellers 
round the city) and the Helots, the first being freemen 
and proprietors scattered throughout the townships 
and villages of Laconia, with some powers of local 
self-covernnment, but with no voice in the affairs of the 
state, while the latter were simply serfs, attached to 
'the soil which they cultivated, like the villein of the 
feudal period, for Spartan proprietors, to whom they 
paid a rent equivalent, it is said, to half of the entire 
produce. Their condition, though a humble and in 
| some respects a degraded one, was at least free from 
the worst incidents of slavery, as they lived with their 
wives and families, and could not be sold out of the 
}country. Thus they must have felt themselyes an in- 
teeral part of the state; which employed them in 
military service, and rewarded them from time to time 
with the gift of freedom. Still, as an oppressed class, 
they often gave uneasiness to Sparta, and on one 
memorable occasion, recorded by Thucydides (iv. 80), 
as many as two thousand of them were treacherously 
and secreily massacred for reasons of state expediency. 
There wasevenaregularand legalized system of thinning 
their numbers by stealthy assassination, known as the 
‘*erypteia,’’ and carried into effect by young Spartans 
who were annually commissioned to range the country 
with daggers for this horrible purpose. If under 
ordinary circumstances the frugal and industrious 
| Helot might exist in tolerable comfort and even hope 
for freedom, he must have been made to feel that it 
| was exceedingly dangerous to be too aspiring, and the 
|inferiority of lis condition was clearly marked by a 
| distinctive dress which he dared not lay aside, any more 
than he might presume to sing any of the national 
|) songs of Sparta. 

It was by the toil of the Helots that the Spartan 
was enabled to live, as we should say, the life of a 
/ gentleman, devoting himself to hunting and military 
exercises: along with some slight admixture of mental 
culture, based mainly on musie and poetry. It was 
not, however, a life of ease and enjoyment. His 
j physical training was proverbially severe. From the 
age of seven he was put under a rigorous state disci- 
pline which inured him to the patient endurance of 
the most extreme hardships. The ideal at which he 
was specially taught to aim was a calm passive forti- 
tude, which implied that he lived solely for the state. 
| Spartan youths would compete with each other in 
+ submitting themselves to the lash before the altar of 
the goddess Artemis, and would,.it is said, sometimes 
suffer even to death without any visible emotion. The 
story that they were habitually trained to theft means 
that they had license to roam the country and forage 
for food, which they were expected to carry off with- 
out detection. In every way they were trained to feel 
themselves at home amid peril and hardship. 

The Spartan woman, whose business: it was to be 
the mother of brave and robust children, was naturally 
held in great honor, and according to Aristotle had at 
least in his time great influence on public affairs. The 
maiden was trained in much the same: fashion as the 
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youth, and was exercised in running, wrestling, and 
oxing, and thus at Sparta there was a much freer in- 
termingling of the sexes thanin any other Greek state. 
In this respect Spartan fashions of life seem to have 
been altogether peculiar to Spartans. The effect of 
such a training on the women would as a matter of 
course be to give them masculine sentiments and aspi- 


rations, and we can well understand what regard would | 


be paid to their praise or censure. he position of 
women in Sparta takes us back to the old heroic ages, 
and reminds us of many passages in the poems of 
Homer. 

One of the features of Spartan life, in thorough 


harmony with its general purpose and tenor, was the | 


public mess, the “‘syssitia,’’ according to the Greek 
phrase. Every citizen was bound to be a member of 
the mess, which was arranged in a number of joint 


tables, each providing from his allotment of land a) 


prescribed quota of provisions, with wine and game from 
the public forests, and the guests being distributed 


into parties of fifteen persons, and chosen by ballot. | 


Attendance at the mess was strictly enforced, and even 
the kings were not permitted to excuse themselves. 
The claims of the state on her citizens, and the duty 
of obedience to state discipline, were thus kept per- 
petually present to the Spartan’s mind. 

With trade and indusirial occupations, even agri- 


culture, the Spartan had nothing to do, all this being | 
We might have anti- | 


left to the Periceci and Helots. 
cipated that such would be the case with a military 
aristocracy. ‘Ihe story that Lycurgus restricted 
Sparta to an iron coinage cannot well be reconciled 
with the fact that silver money was not in use among 
the Greeks till a century after his time. 

The organization of the Spartan army was always 
greatly admired by the ancients. Xenophon praises 
its system of tactics for ‘‘an admirable simplicity in the 
midst of seeming intricacy,’’ and in Thueydides (vy. 66) 
we have it described as based on an elaborate gradu- 
ation of authority, by means of which the general’s or- 
ders were transmitted to the rank and file with the 
utmost promptitude and accuracy. The strength of 
the army consisted mainly in infantry, every Spartan 
being a heavy-armed soldier, and the light troops being 
made up out of the Periceci and Helots. The Spartan 
cavalry never had much repute, and it was always re- 
garded asa decidedly inferior branch of the service. Nor 
did they seriously apply themselves to sieges or to sea 
warfare. Though a brave, they were a very cautiousand 
wary people, and all their military operations were con- 
ducted with.extreme secrecy. It was a fixed principle 
with them not to engage the same enemy with needless 
frequency, and not to carry a pursuit further than vic- 
tory really required. Anything like cowardice was a 
disgrace which reduced a citizen to the condition of an 
outcast. “‘‘With it or on it’’ were the words with 
which the Spartan mother would bid her son return 
when he left home with his shield to fight for Sparta. 

Lycurgus is fairly described by Grote (ist. of Greece, 
chap. 6) as ‘‘the founder of a warlike brotherhood 
rather than the lawgiver of a political community.’ 
The Spartan was to be almost wholly estranged from 
home ties, and to live only for the state. His training, 
though admired both by Plato and Aristotle as directed 
towards.a noble ideal, was felt by them to be very im- 
perfect, inasmuch as it cultivated only one side of hu- 
man virtue and contemplated the circumstances of a 
camp or a garrison rather than.of a state organized on 
a really perfect. basis. 

With the.reforms of ‘Lycurgus Plutarch connects a 
sweeping readjustment of the entire system of landed 
property, whereby Laconia was pareelled out into 
39,000 equal lots, 9000 being assigned to Spartan citi- 
zens, and the remainder to their free subjects, the 
Perieci. It was the fashion with certain ancient 
writers to assume some such measure in the case of every 
early legislator or reformer. But it is to be noted that 
we have no hint of any such repartition of land by Ly- 


LYCURGUS. : 


curgus till we come to Plutarch, and this fact so much 
impressed Grote that he utterly rejects the story. All 
historical evidence, he maintains, points to great ine- 
qualities of property among the Spartans from the 
earliest times, and is therefore irreconcilable with any 
such belief. Here indeed he seems to be on sure 
ground, but it may be quite possible that even with 
equal lots of land there were decided inequalities in 
wealth. There may have been citizens rich in flocks 
and herds pastured on common ground, of which, we 
have reason to believe, there was considerable extent. 
Plutarch’s account is favored by the fact that equal 
distributions of land were often made in early days by 
conquering peoples. The question is one on which it 
seems impossible to arrive at a certain and definite 
conclusion. Possibly, as has been suggested by M. 
Laveleye, some old tradition of an equality of landed 
property may have been the origin of the belief that a 
redivision into equal portions was a part of the system 
of Lycurgus. . 

There was, however, an equality which he certainly 
did attempt to establish. very Spartan, rich or 
poor, had to submit to the same hard discipline and 
to aim at the same ideal. The attempt was not alto- 
gether unsuccessful, though the subsequent history of 
Sparta shows that several of her citizens fell so far 
short of it as to disgrace themselves by actual dishon- 
esty in the public service. But we may fairly credit 
Lycurgus with a work which laid deep the foundations 
of a very remarkable and at times a truly noble patri- 
otism both in the men and women of Sparta. 


The best accounts of Lycurgus and his legislation will 
be found in Grote’s and Thirlwall’s histories, and in Miil- 
ler’s Doriwis. The chief original sources from which our 
knowledge of the subject is derived are the writings of Plu- 
tarch and Xenophon, and Aristotle’s Politics. (W. J. B.) 


LYCURGUS, one of the ten great Attic orators, 
was born about 396-93 B.c. His father was named 
Lycophron, and he belonged to the old Attic family of 
the Eteobutade. He is said to have been a pupil both 
of Plato and of Isocrates. His early career is quite 
unknown, but after the real character of the great 
struggle with Philip of Macedon was becoming mani- 
fest he was recognized along with Demosthenes and 
Hyperides as one of the chiefs of the national party. 
He left the care of external relations to his colleagues, 
and devoted himself to the internal organization and 
the financial administration of the state. He managed 
the finances of Athens for twelve successive years, be- 
ing chosen tapiac rig Kowhe mpooddov, probably in 341 
B.C., for a term of four years, and in the two succeed- 
ing terms, when the actual office was forbidden him by 
law, directing it through a nominal official chosen from 
his party. Part of one of the deeds in which he ren- 
dered account of his term of office is still preserved in. 
an inscription (Corp. Inser. Gir., i. No. 247; Corp. 
Inscr. Att., ii. pt. 2, No. 289). During this time 
18,900 talents passed through his hands, and he 
raised the public income to 1200 talents yearly. His 
integrity and his skilful management were highly ap- 
preciated by the people, who refused to deliver him up 
when Alexander the Great demanded his surrender ; 
many private persons deposited money under his 
charge. He was also appointed to various other offices 
connected with the preservation and improvement of 
‘the city. He was very strict in his superintendence of 
the public morals, and passed a sumptuary law to re- 
strainextravagance. On the other hand he showed a 
noble and liberal spirit in all that concerned public ex- 
penditure; he did much to beautify and improve the 
city by fine buildings; and he passed a famous law 
ordering that statues of the three great tragedians 
should be erected, and that a careful edition of their 
tragedies should be made and preserved among the 
state archives. 


Lycurgus was a man of action and not of words ; his ora- 
| tions, of which fifteen were published, are criticized by the 
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ancients for their awkward arrangement of matter, harsh- 
ness of style, and the tendency to digressions about mythol- 
ogy and past history, while the noble spirit and the lofty mo- 
rality that breathe through them are highly praised. Only 
one of the orations, that against Socrates, has been pre- 
served, and fully bears out the criticism of the ancients. 
He was evidently one of the last examples of the finest 
Athenian type—full of religious feeling, as became one of 
the Eteobutade, the family in which the priesthood of 
Athene Polias was hereditary, proud of the history and the 
religion of his country, and resolved to act worthily of it 
and to make others do the same, severe and stern in his 


treatment of offenders and frequently prosecuting them in | 


the publie courts, but generons and liberal in all that con- 


cerned the glory of Athens. 


LYDGATE, Jonny, a monk of Bury St. Edmunds, 
was the most famous English poet of the 15th cen- 
tury. He is a standing refutation of a popular no- 
tion that the extraordinary collapse of Knglish poetry 
after Chaucer disappeared from the stage was due 
to the unsettled state of public affairs. The exact 
dates of his birth and death are not ascertained, but 
he began his occupation as a versemaker before 
Chaucer's death, and probably ended it several 
years before the Wars of the Roses broke out. Pub- 
lic affairs were not more unsettled during his lifetime 
than during the lifetime of Chaucer. Like Chaucer, 
Lydgate enjoyed the patronage of the royal family. He 
was the “‘ poet laureate’’ of his generation. He trans- 
lated Benoft de St. Maure’s /istory of Troy ‘‘ at the 
commandment’ of Henry V.; he wrote a poem on the 
battle of Agincourt; the coronation of Henry VI. 
furnished him with another theme; the ‘‘Good Duke 
Humphrey”’ of Gloucester ‘‘ commanded’’ his trans- 


lation of Bochas upon the Fall of Princes. The 
monk of Bury was in short a professional poet. Ac- 


cording to Wharton he opened a school in his monas- 
tery for teaching the sons of the nobility the arts of 
versification and the elegancies of composition, and it 
would seem from the character and the variety of the 
pieces attributed _to him—‘‘diseuisings,”’ ** mum- 
mings,’’ lives of saints, translations of standard works, 


devotional pieces in metre, metrical paraphrases of pro- 


verbs—that he was ready to write to order on any 
theme submitted to him. Lydgate attracted a good 
deal of attention from our early printers and antiqua- 
ries, his Mull of Princes being reprinted four times 
before the accession of Elizabeth. ‘The fact that it was 
the largest poem in Enelish of a tragic cast may have 
had something to do with the popularity of this work. 
The Story of Thebes, based on Statius and Boceaccio, 
is generally supposed to have been one of his first es- 
says. It is told as one of the Canterbury tales,—the 
yoet in his prologue feigning himself to have joined 

haucer’s pilgrims at Canterbury, and recited this tale 
at the host’s command as they rode back. Possibly 
more than one of two hundred and fifty-one separate 
poems, most of them short, ascribed to Lydgate by 
Ritson, have been ascribed to him on very slender au- 
thority. But the works undoubtedly his are so com- 
monplace in thought and sentiment, and so clumsy in 
execution,—with all allowance for transcribers’ errors 
and imperfect editing,—that no injustice can have 
been done to his reputation by attributing any doggerel 
to his facile pen. He was evidently a great reader of 

oetry, a scholar accomplished in amount, had proba- 


ly a large indiscriminate enjoyment of poetry, and | 


probably also a boisterous enjoyment of his own facility 
in building up stanzas. His own mental life was pro- 
bably the reverse of dull. 
self-satisfied versifier, he is the cause of dulness in 
others. Inreading him with his own contented spirit, 
one catches some faint reflection of the gleeful happi- 
ness with which he seems to have poured out his 
abundant store of thrice-repeated phrases and images. 
Of artistic sensibility he was entirely destitute. He 
claims our sympathy by his warm admiration for Chau- 


cer, but admiration gave him uo share of Chaucer’s | 
economy of touch, rapid vivacious movement, and | 


But, like many another | 
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subtle wit. His lines are eked out by tautologous 
and feeble epithets, and garrulous repetitions—‘‘ as 
| clerkes can you tell,”’ ‘‘ in bookes as I rede,”’ ‘‘the story 
| saith certain,’ “‘the story can devise,’ ‘the story 
/ean reherse,’’ “‘the story specifies,” ‘‘the story 
|maketh mind.’ Something is expressed in 
|learned terms, and then the same thing is repeated 
‘in plain English.’ Lydgate is seen at his best in 
his illustrations of proverbs and maxims of homely 
|morality, and by far his most successtul metre is a 
stave of eight four-beat lines with a rhyme from the 
| first half recurring in the second. A Satirical Balad 
on the Times, with the refrain ‘‘ So as the crab gothe 
forwarde”’; A Satirical Description of his Lady, with 
the refrain ‘‘ When she hath on hire hood of green”’ ; 
A Lover's Complaint ; Thonke God of Alle; and Make 
Amendes—all in this metre—are among the most favor- 
able specimens of his powers. A line of five accents 
seems always to have anen him into prolixity. 7'he 
Loudon Lackpenny, to the refrain of ‘ But for lack 
of money I might not speed,”’ the best known of his 
humorous poems, is also in four-beat lines,though there 
are seven lines in the stanza. Lydgate’s copiousness 
of detail in describing customs, dresses, architecture, 
as well as in making literary comparisons, render his 
verses useful as materials for the historian; but in ar- 
tistic skill he is a sad falling off from Chaucer. Per- 
sonally he seems to have been a lively monk enough. 
In his 7estwment he makes confession to having been 
a terrible boy, ‘‘ disposed to many unbridled passions.” 
He fought with his schoolfellows, and scoffed and made 
mouths at them “‘likea wanton ape’’ ; he played truant, 
and ‘‘ forged Jeesings’’ in excuse ; neither hedge nor wall 
could keep him out of orchards; he ‘‘ told cherry- 
stones’’ when he ought to have been at church, and 
threw his paternoster and his creed at the cock. Highly 
decorous respectable old men often take a pleasure in 
looking back, as Justice Shallow did, to the follies of 
their youth, and perhaps exaggerating them, but there 
is nothing in Lydgate’s confession inconsistent with 
his poetry. A dull writer is generally a person of high 
animal spirits; only that could sustain him through 
platitudes which other people find so dreary. (Ww. M.) 
LYDIA. It is difficult to fix the boundaries of Ly- 
dia very exactly, partly because they varied at different 
times, partly because we are still but imper- __pjate qr. 
fectly acquainted with the geography of west- 
‘ern Asia Minor. The name is first found, under the form 
of Luddi, in the inscriptions of the Assyrian king 
| Assur-bani-pal, who received tribute from Gyges about 
|660 B.c. In Homer we read only of Meeonians (/1., 
\ii. 865, v. 43, x. 431), and the place of the Lydian capi- 
‘tal Sardes is taken by Hyde (//., xx. 885), unless this 
'was the name of the district in which Sardes stood 
\(see Strabo, xiii. p. 626).'. The earliest Greek writer 
|who mentions the name is Mimnermus of Colophon, 
‘in the 37th Olympiad. According to Herodotus (i. 7), 
the Meiones (called Meeones by other writers) were 
named Lydians after Lydus, the son of Attys, in the 
mythical epoch which preceded the rise of the Heraclid 
dynasty. + historical times, howeyer, the Meeones 
were a tribe inhabiting the disirict of the Upper Her- 
‘mus, where a town called Meonia (now Mennen) eXx- 
isted (Pliny, WV. 7, v. 30; Hierocles, p. 670). The 
Lydians must originally have been an allied tribe which 
bordered upon them to the northwest, and occupied 
the plain of Sardes or Magnesia at the foot of Tmolus 
and Sipylus. They were cut off from the sea by the 
Greeks, who were in possession, not only of the Bay 
of Smyrna, but also of the country north of Sipylus as 
far as Temnus, in the Boghaz, or pass, through which 
‘the Hermus forces its way from the plain of Magnesia 
into its lower valley.2. In an Homeric epigram the 
ridge north of the Hermus, on which the ruins of Tem- 
‘nus lie, is called Sardene. Northward the Lydians 
‘extended at least as far as the Gygeean Lake (Lake 


1 Pliny (v. 30) makes it the Meonian name. m % 
2 See W. M, Ramsay in the Journal of Hellenic Studies, ii. 2. 
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Coloe, now Mermereh), and the Sardene range (now | youth who had mutilated himself in a moment of 


Dumanly Dagh). The plateau of the Bin Bir Tepé, 
on the southern shore of the Gygzean Lake, was the 
chief burial-place of the inhabitants of Sardes, and is 
still thickly studded with tumuli, among which the 
‘“tomb of Alyattes’’ towers to a height of 260 feet. 
Next to Sardes, Magnesia ad Sipylum was the chief 
city of the country, having taken the place of the an- 
cient Sipylus, now probably represented by an almost 
inaccessible acropolis discovered by Mr. Humann not 
far from Magnesia on the northern cliff of Mount Sipy- 
lus. In its neighborhood is the famous seated figure 
of ‘‘ Niobe”’ (J/., xxiv. 614-17), cut out of the rock, 
and probably intended to represent the goddess Cybele, 
to hich the Greeks attached their legend of Niobe. 
According to Pliny (y. 31), Tantalis, afterwards swal- 
lowed up by earthquake in the pool Sale or Saloe, was 
the ancient name of Sipylus and ‘‘the capital of 
Meeonia’’ (Paus., vii. 24; Strabo, xii. p. 579). 

Under the Heraclid dynasty the limits of Lydia 
must have been already extended, since according to 
Strabo (xiii. p. 590), the authority of Gyges reached 
as far as the T'road, and we learn from the Assyrian 
inscriptions that the same king sent tribute to Assur- 
bani-pal, whose dominions were bounded on the west 
by the Halys. But under the Mermnads Lydia 
became a maritime as well as an inland power. The 
Greek cities were conquered, and the coast of Ionia 
included within the Lydian kingdom. The successes 
of Croesus finally changed the Lydian kingdom into a 
Lydian empire, and all Asia Minor westward of the 
Halys, with the exception of Lycia, owned the suprem- 
acy of Sardes. Lydia never again shrank back into its 
original dimensions. After the Persian conquest the 
Meeander was regarded as its southern oon, and 
in the Roman period it comprised the country between 
Mysia and Caria on the one side and Phrygia and the 
Adgean on the other. 

Lydia proper was exceedingly fertile. The hill-sides 
were divthe with vine and fir, and the rich broad 
plain of Hermus produced large quantities of corn and 
saffron. The climate of the p/ain was soft but healthy, 
though the country, was subject to frequent earth- 
quakes. The Pactolus, which flowed from the foun- 
tain of Tarne in the Tmolus mountains, through the cen- 
tre of Sardes, into the Hermus, was believed to be full 
of golden sand; and gold mines were worked in Tmo- 
jus itself, though by the time of Strabo the proceeds 
had become so small as hardly to pay for the expense 
of working them (Strabo, xiii. 591). Meeonia on the 
east contained the curious barren plateau known to the 
Greeks as the Catacecaumene or Burnt country, once 
a centre of volcanic disturbance. The Gygaean lake 
(where remains of pile dwellings have been found) 
still abounds with carp, which frequently grow to a 
very large size. 

Herodotus (i..171) tells us that Lydus was a brother 
of Mysus and Car. The statement is on the whole 
borne out by the few Lydian, Mysian, and Carian 
words that have been preserved, as well as by the gene- 
ral character of the civilization prevailing among the 
three nations. The language, so far as can be judged 
from its scanty remains, was Indo-Kuropean, and more 
closely related to the western than to the eastern branch 
of the family. The race was probably a mixed one, 
consisting of aborigines and Aryan immigrants. It 
was characterized by industry and a commercial spirit, 
and, before the Persian conquest, by bravery as well. 

The religion of the Lydians resembled that of the 
other civilized nations of Asia Minor. It was a nature- 
worship, which at times became wild and sensuous. 
By the side of the supreme god Medeus stood the sun- 
god Attys, as in Phrygia the chief object of the popu- 
lar cult. He was at once the son and bridegroom 
of Cybele or Cybebe, the mother of the gods, whose 
image carved by Broteas, son of Tantalus, was adored 
on the cliffs of Sipylus (Paus., iii. 22). Like the 


Semitic Tammuz or Adonis, he was the beautiful | 


frenzy or despair, and whose temples were served by 
eunuch priests. Or again he was the dying sun-god, 

slain by the winter, and mourned by Cybele, as Adonig 

was by Aphrodite in the old myth which the Greeks 
had borrowed from Phoenicia. This worship of Attys 
was in great measure due to foreign influence. 

Doubtless there had been an ancient native god of the 

name, but the associated myths and rites came almost 
wholly from abroad. The Hittites in their stronghold of 

Carchemish on the Euphrates had adopted the Baby- 

lonian cult of Istar (Ashtoreth) and Tammuz-Adonis, 

and had handed it on to the tribes of Asia Minor. 

The close resemblance between the story of Attys and 

that of Adonis was the result of a common origin. 

The old legends of the Semitic Hast had come to the 

West through two channels. The Pheenicians brought 
them by sea and the Hittites by land. But though 

the worship of Makar or Melkarth on Lesbos (//., 

xxiv, 544) shows that the Phoenician faith had found 
a home on this part of the coast of Asia Minor, it 
could have had no influence upon Lydia, which, as we 
have seen, was cut off from the sea before the rise of 

the Mermnads. It was rather to the Hittites that 
Lydia, like Phrygia and Cappadocia, owed its faith in 
Attys and Cybele. The latter became ‘‘ the mother of 

Asia,’’ and at Ephesus, where she was adored under 
the form of a meteoric stone, was identified with the 

Greek Artemis. Her mural crown is first seen in the 
Hittite sculptures of Boghaz Keui on the Halys, and 
the bee was sacred to her. A gem found near Aleppo 
represents her Hittite counterpart standing on this 
insect. The priestesses by whom she was served are 
depicted in early art as armed with the double-headed 
axe, and the dances they performed*in her honor with 

shield and bow gave rise to the myths which saw in 

them the Amazons, a nation of woman-warriors. The 
pre-Hellenic cities of the coast—Smyrna, Samorna 
(Ephesus), Myrina, Cyme, Priene, and Pitane—were 
all of Amazonian origin, and the first three of them 

have the same name as the Amazon Myrina, whose 
tomb was pointed out in the Troad. The prostitution 

whereby the Lydian girls gained their dowries 

(Herod., i. 93) was a religious exercise, as among the 

Semites, which marked their devotion to the goddess 
Cybele. In the legend of Hercules, Omphale takes- 
the place of Cybele, and was perhaps her Lydian title. 

Hercules is here the sun-god Attys in a new form ; 

his Lydian name is unknown, since KE. Meyer has 
shown (Z, D, M. G., xxxi. 4) that Sandon belongs not 
to Lydia but Cilicia. By the side of Attys stood the 

moon-god Manes or Men. 

According to the native historian Xanthus (460 B ©.) 
three dynasties ruled in succession over Lydia. The 
first, that of the Attyads, is wholly mythical. It was 
headed by a god, and included geographical person- 
ages like Lydus, Asies, and Meles, or such heroes of 
folk-lore as Cambletes, who devoured his wife. ‘To 
this mythical age belongs the colony which, aecordin 
to Herodotus (i. 94), T'yrsenus, the son of Attys, le 
to Etruria. Xanthus, however, puts ‘Torrhebus 
in the place of yrsenus, and makes him the 
eponym of a district in Lydia. There was no con- 
nection between the Ktrurians and Lydians in either 
language or race, and the story in Herodotus rests 
solely on the supposed resemblance of Tyrrhenus 
and Torrhebus. It is doubtful whether Xanthus rec- 
ognized the Greek legends which brought Pelops from 
Lydia, orrather Mzeonia, and made him the son of Tan- 
talus. The legends must have grown up after the Greek 
colonization of AYolis and Tonia, though Dr. Schlie- 
mann’s discoveries at Mycenze have shown a certain 
likeness between the art of early Greece and that of 
Asia Minor, while the gold found there in such abund- 
ance may have been derived from thé mines of T’molus. 
The second dynasty was also of divine origin, but the 
names which head it prove its connection with the dis- 
tant Kast. Its founder, a descendant of Hercules and 
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Omphale, was, Herodotus tells us (i. 7), a son of 
Ninus and grandson of Belus. The Assyrian inscrip- 
tions have shown that the Assyrians had never crossed 
the Halys, much less known the name of Lydia, 
before the age of Assur-bani-pal, and consequently the 
old theory which brought the Heraclids from Nine- 
veh must be given up. But we now know that 
the case was otherwise with another Oriental people, 
which was deeply imbued with the elements of Baby- 
lonian culture. The Hittites had overrun Asia 
Minor and established themselves on theshores of the 
/igean before the reign of the Egyptian king Ramses LI. 
_ The subject allies who then fight under their banners 
include the Masu or Mysians and the Dardani of the 
Troad from Tuna or Ilion and Pidasa (Pedasus) ; and, 
if we follow Brugsch, [una should be read Mauna and 
identified with Mzeonia. At the same time the Hit- 
tites left memorials of themselves in-Lydia. Mr. G. 
Dennis has discovered an inscription in Hittite hiero- 
glyphics attached to the figure of ‘‘ Niobe’’ on Sipy- 
lus, and a similar inscription accompanies the figure 
(in which Herodotus [ii. 106] wished to see Sesostris 
or Ramses IL.) carved on the cliff of Karabel, the pass 
which leads from the plain of Sardes to that of Ephe- 
sus. We learn from Husebius that Sardes was first 
captured by the Cimmerians 1078 B.c. ; and, since it 
was four centuries later before the real Cimmerians 
appeared on the horizon of history, we may perhaps 
find in the statement a tradition of the Hittite con- 
uest. Possibly the Ninus of Herodotus points to the 
act that Carchemish was called ‘‘the old Ninus”’ 
(Amm. Mare., xiv. 8), while the mention of Belus may 
indicate that Hittite civilization came from the land 
of Bel (see Sayce, @rans. Soc. Biblical Arch., vii. 2). 
At all events it was when the authority of the Hittite 
satraps at Sardes began to decay that the Heraclid 
dynasty arose. Accdrding to Xanthus, Sadyattes and 
Lixus were the successors of Tylon the son of Oimphale. 
After lasting five hundred and five years, the dynasty 
came to an end in the person of Sadyattes, as he is 
ealled by Nicolas of Damascus, whose account is doubt- 
less derived from Xanthus. The name Candaules 
given him by Herodotus meant ‘‘dog-strangler,’’ and 
was a title of the Lydian Hermes. Gyges, termed 
Gugu in the Assyrian inscriptions, Gog in the Old 
Testament, put him to death and established the 
dynasty of the Mermnads 690 B.c. (Huseb., 698 B.C. ). 
yges initiated a new policy, that of making Lydia a 
maritime power; but his attempt to capture Old 
myrna was unsuccessful. Towards the middle of his 
reign the kingdom was overrun by the Cimmerians, 
called Gimirre in the Assyrian texts, Gomer in the 
Old Testament, who had been driven from their old 
seats on the Sea of Azoff by an invasion of Scythians, 
and thrown upon Asia Minor by the defeat they had 
suffered at the hands of Ksar-haddon. ‘The lower town 
of Sardes was taken by them, and Gyges turned to 
Assyria for aid, consenting to become the tributary of 
Assur-bani-pal or Sardanapalus, and sending him 
among other presents two Cimmerian chieftains he had 
himself captured in battle (about 660 B.c.). At first 
no one could be found in Nineveh who understood the 
language of the ambassadors. A few years later, 
Gyges joined in the revolt against Assyria, which was 
headed by the viceroy of Babylonia, Assur-bani-pal’s 
own brother. ‘The Ionic and Carian mercenaries he 
despatched to Egypt enabled Psammetichus to make 
himself independent. Assyria, however, was soon 
-avenged. The Cimmerian hordes returned, Gyges was 
slain in battle after a reign of thirty-eight years, and 
Ardys his son and successor returned to his allegiance 
to Nineveh. The second capture of Sardes on this 
occasion was alluded to by Callisthenes (Strabo, xiii. 
p. 627). Alyattes the grandson of Ardys finally suc- 
ceeded in extirpating the Cimmerians, as well as in 
taking Smyrna, and thus providing his kingdom with 
a port. The trade and wealth of Lydia rapidly in- 
creased, and the Greek towns fell one after the other 
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before the attacks of the Lydian kings. Alyattes’ long 
reign of fifty-seven years saw the foundation of the 
Lydian empire. All Asia Minor west of the Halys 
owned his sway, and the six years’ contest he carried 
on with the Medes was closed by the marriage of his 
daughter Aryenis to Astyages, and an intimate alliance 
The Greek cities were 
allowed to retain their own institutions and govern- 
ment on condition of paying taxes and dues to the 
Lydian monarch, and the proceeds of their commerce 
thus flowed into the imperial exchequer. The result 
was that the king of Lydia became the richest prince 
of his age. Alyattes was succeeded by Crcesus, who 
had probably already for some years shared the royal 
»ower with his father, or perhaps grandfather, as 
‘loigl thinks ( Geschichte des semitischen Alterthums, 
p 20). He reigned alone only fifteen years, Cyrus the 

ersian, after an indecisive battle on the banks of the 
Halys, marching upon Sardes, and capturing both 
acropolis and monarch before his allies could come to 
his help (Huseb., 546 B.c.). The place where the 
acropolis was entered was believed to have been over- 
looked by the mythical Meles when he carried the lion 
round his fortress which made it invulnerable; it was 
really a path opened by one of the landslips which have 
reduced the sandstone cliff of the Acropolis to a mere 
shell, and threaten in a few years to carry it altogether 
into the plain below. The overthrow of Croesus gave 
rise to many legends among both Lydians and Greeks, 
and he was held to have escaped death at the con- 
queror’s hands through the intervention of the gods. 
The revolt of the Lydians under Pactyas, whom Cyrus 
had appointed -to collect the taxes, caused the Persian 
king to disarm them, though we can hardly eredit the 
statement that by this measure their former warlike 
spirit was crushed. Sardes now became the western 
capital of the Persian empire, and its burning by the 
Athenians was the indirect cause of the Persian War. 
After Alexander’s death, Lydia passed to Antigonus ; 
then Achaeus made himself king at Sardes, but was 
defeated and put to death by Antiochus. ‘The country 
was presented by the Romans to Humenes, and subse- 
quently formed part of the proconsular province of 
Asia. By the time of Strabo (xiii. p. 631) its old lan- 
guage was entirely supplanted by Greek. 


The Lydian empire may be described as the industrial 
power of the ancient world. The Lydians were credited 
with being the inventors, not only of games such as dice, 
huckle-bones, and ball (Herod., i. 94), but also of coined 
money. The oldest known coins are the electrum coins of 
the earlier Mermnads ‘Madden, Coins of the Jews, pp. 19-21), 
stamped on one side with a lion’s head or the figure of a 
king with bow and quiver; these were replaced by Creesus 
with a coinage of pure gold and silver. To the latter 
monarch were probably due the earliest gold coins of Ephe- 
sus (Head, Coinage of Ephesus, p. 16). Mr. Head has shown 
that the electrum coins of Lydia were of two kinds, one 
weighing 168.4 grains for the inland trade, and another of 
224 grains for the trade with Ionia, The standard was the 
silver ‘mina of Carchemish,” as the Assyrians called it, 
which contained 8656 grains. Originally derived by the 
Hittites from Babylonia, but modified by themselves, this 
standard was passed on to the nations of Asia Minor during 
the period of Hittite conquest, but was eventually super- 
seded by the Pheenician mina of 11,225 grains, and con- 
tinued to survive only in Cyprus and Cilicia. The inns, 
which the Lydians were said to have been the first to es- 
tablish (Herod., i. 94}, were connected with their attention 
to commercial pursuits. Their literature has wholly 
perished, and the only specimen of their writing we possess 
is on a marble base found by Mr. Wood at Ephesus (Schlie- 
mann, Ilios, p. 698). They were celebrated for their musi¢ 
and gymnastic exercises, and their art formed a link be- 
tween that of Asia Minor and that of Greece. A marble 
lion at Achmetly represents in a modified form the Assyrian 
type, and the engraved gems found in the neighborhood 
of Sardes and Old Smyrna resemble the rude imitations of 
Assyrian workmanship met with in Cyprus and on the 
coasts of Asia Minor. For a description of a pectoral of white 
gold, ornamented with the heads of animals, human faces, 
and the figure of a goddess, discovered in a tomb on Tmolus, 
see Academy, January 15, 1881, ‘p., 45. Lydian sculpture 
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was probably similar to that of the Phrygians as displayed 
at Doghanly, Kumbet, and Ayazin, a necropolis lately dis- 
covered by Mr. Ramsay. Phallic emblems, for averting evil, 
were plentiful; even the summit of the tomb of Alyattes is 
crowned with an enormous one of stone, about 9 feet in 
diameter. The tumulus itself is 281 yards in diameterand 
about half a mile in circumference. It has been partially 
excavated by Spiegelthal and Dennis, and a sepulchral 
chamber discovered in the middle, composed of large well- 
cut and highly polished blocks of marble, the chamber 
being 11 feet long, nearly 8 feet broad, and 7 feet high. 
Nothing was found in it except a few ashes and a broken 
vase of Egyptian alabaster. The stone basement which, 
according to Herodotus, formerly surrounded the mound 
has now disappeared. (A. H. 8.) 

LYELL, Str CHarnes (1797-1875), one of the 
greatest of geological thinkers, was the eldest son of 
Charles Lyell of Kinnordy, Forfarshire, and was born 
November 14, 1797, on the family estate in Scotland. 
His father was a man of literary and scientific tastes, 
known both as a botanist and as the translator of the 
Vita Nuova and the Convito of Dante. From his boy- 
hood Lyell had a strong inclination for natural history, 
especially entomology, a taste which he was able to 
cultivate in the New Vorest, to which his family had 
removed soon after his birth. He was educated chiefly 
at Midhurst, and then at Exeter College, Oxford, where 
the lectures of Dr. Buckland first opened out to him 
that field of geological study which became the passion 
of his life. After taking his degree, in 1821, he entered 
Lincoln’s Inn, and in 1825, after a delay caused by 
chronic weakness of the eyes, he was called to the bar, 
and went on the western circuit for two years. During 
the whole of this time, though not neglecting his pro- 
fession, he was slowly gravitating towards the life of a 
student of science. In 1819 he had been elected a 
member of the Linnzean and Geological Societies, com- 
municating his first paper, ‘‘On the Marls of Forfar- 
shire,’’ to the latter society in 1822 and acting as one 
of the honorary secretaries in 1823. In that year he 
went to France, with introductions to Cuyier, Hum- 
boldt, and other men of science, and in 1824 made a 
geological tour in Scotland in company with Dr. Buck- 
land. In 1826 he was elected a Fellow of the Royal 
Society, from which in later years he received both 
the Copley and Royal medals; and in 1827 he finally 
abandoned the legal profession, aud devoted himself to 
geology. 

Long prior to this, however, he had already begun 
the sketch of his principal work, Zhe Principles of 
Geology. The subsidiary title, “An Attempt to Ex- 
jain the Former Changes of the Harth’s Surface by 
arenes to Causes now in Operation,” gives the 
keynote of the task to which Lyell devoted his life, 
and in pursuance of which he made geological tours 
over large portions of the Continent, and in later years 
to Madeira and to the United States and Canada. The 
journey undertaken with Murchison in 1828 was espe- 
cially fruitful in results, for not only did it give rise to 
two joint papers on the voleanie district of Auvergne 
and the Tertiary formations of Aix-en-Provence, but 
it was apparently when examining Signor Bonelli’s 
collection of Tertiary shells at Turin, and subsequently 
when (after parting with Murchison) he studied the 
marine remains of the Tertiary rocks of Ischia and 
Sicily, that Lyell conceived the idea of dividing the 
Tertiaries into three or four principal groups, charac- 
terized by the proportion of recent to extinct species 
of shells. To these groups, after consulting Dr. Whe- 
well as to the best nomenclature, he gave the names 
now universally adopted—Hocene (dawn of recent), 
Miocene (less of recent), and Pliocene (more of recent) 
Upper and Lower; and with the assistance of M. Des- 
hayes, who had arrived by independent researches at 
very similar views, he drew up a table of shells in illus- 
tration of this classification. The first volume of the 
Principles of Geology appeared in 1830, and the second 
in January, 1832. Received at first with considerable 
opposition, at least so far as its leading theory was con- 
cerned, the work had ultimately a great success, and 
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it had already reached a second edition in 1833 when 
the third volume, dealing with the successive forma- 
tions of the earth’s crust, was added.! 

In August, 1838, Lyell published the Hlements of 
Geology, which, from being originally an expansion 
of the fourth book of the Principles, became a stand- 
ard work of reference in stratigraphical and paleeonto- 
logical geology. ‘This book went through six editions 
in Lyell’s lifetime (some intermediate ones being styled 
Manual of Blementury Geology), and in 1871 a smaller 
work, the Student's Hlements of Geology, was based 
upon it. His third great work, The Antiquity of Man, 
appeared in 1863, and ran through three editiéns in 
one year. In this he laid before the world a general 
survey of the arguments for man’s early appearance 
on the earth, derived from the discoveries of worked 
flint implements in Post-Pliocene strata in the Somme 
valley and elsewhere, and in it also he first gave in his 
adhesion to Darwin’s theory of the origin of species. 
A fourth edition appeared in 1873. 

While thus occupied with his writings, Lyell lost no 
opportunity of carrying out original investigations, and 
whenever absent from his literary work in London was 
always to be heard of in the field either in England or 
on the Continent. In 1831 he held for a short time 
the post of professor of geology at King’s College, 
London, and delivered while there a highly appreci- 
ated course of lectures, which became the foundation 
of the Hlements of Geology. In 1832 he married Mary, 
eldest daughter of Leonard Horner, who became thence- 
forward associated with him in all his literary and sci- 
entific labors, aiding him substantially with her ready 
intellect, and by her pre-eminent social qualities mak- 
ing his home a centre of attraction fo all men of talent. 
In 1834 he made an excursion to Denmark and Sweden, 
the result of which was his celebrated paper to the 
Royal Society, ‘‘On the Proofs of the Gradual Rising 
of Land in Certain Parts of Sweden,’ and another to 
the Geological Society, ‘‘On the Cretaceous and Ter- 
tiary Strata of Seeland and Méen.’’ In 1837 he was 
again in Norway and Denmark, and in 1841 he spent 
a year in travelling through the United States, Canada, 
and Nova Scotia. This last journey, together with a 
second one to America in 1845, when he visited Boston, 
Philadelphia, New Orleans, and the alluvial plain of 
the Mississippi, gave rise, not only to numerous orl- 
ginal papers, but also to the publication of two works 
not exclusively geological, Travels in North America 
(1845) and A Second Visit to the United States (1849). 
Tn the second work especially he did much to promote 
good feeling between England and America, by show- 
ing a just appreciation of American society and insti- 
tutions. It was in the course of these journeys that 
he estimated the rate of recession of the falls of Nia- 
gara, and of the annual average accumulation of allu-. 
vial matter in the delta of the Mississippi, and studied 
those vegetable accumulations in the “ Great Dismal 
Swamp” of Virginia, which he afterwards used in 
illustrating the formation of beds of coal. He also 
studied with great cave the coal-formations in Nova 
Scotia, and discovered in company with Dr. Dawson 
of Montreal the earliest known land shell, Pupa vetusta, 
in the hollow of a Stgillaria. But_it was chiefly in 
bringing a thorough knowledge of European geology 
to bear upon the more widely extended and massive 
formations of the North American continent that 
Lyell rendered immense service to geologists on both 
sides of the Atlantic. 

Besides these Transatlantic journeys Lyell undertook 
geological excursions at different times to all parts of 
the British Isles, to Belgium, Switzerland, Germany, 
Spain, Madeira, and Teneriffe, in which latter islands, 
which he visited in company with G. Hartung, he 

1 Between 1830 and 1872 eleven editions of this work were pub- 
lished, each so much enriched with new material and the results 
of riper thought as to form a complete history of the progress of 
geology during that interval. Only a few days before his death 


Sir Charles finished revising the 12th edition, which appeared in 
1876. 
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accumulated much valuable evidence on the age and 
deposition of lava-beds and the formation of volcanic 
cones. He also revisited Sicily in 1858, when he made 
such observations upon the structure of Etna as en- 
tirely refuted the theory of /‘‘craters of elevation’ 
“oot by Von Buch and Elie de Beaumont (see 
‘oy. Soc. Proe., 1859). 
Lyell received the honor of knighthood in 1848, and 
was created baronet in 1864, in which year he was 
resident of the British Association, meeting at Bath. 
is services to the science of geology were now uni- 
versally recognized both at home and abroad, and he 


_Wwas a member of almost every Continental and Ameri- 


can Society. He was elected corresponding member 
of the French Institute and of the Royal Academy of 
Sciences at Berlin, and created a knight of the Prus- 
sian Order of Merit. 

During the latter years of his life his sight, always 
weak, failed him altogether, and he became very fee- 
ble. He died on February 22, 1875, in his seventy- 
eighth year, and was buried in Westminster Abbey. 

is funeral was attended by an immense concourse of 
public men, all his personal friends; for by young and 
old the veteran master of geology was deeply loved 
and revered. His gentle nature, his intense love of 
truth, his anxiety to help and encourage those who 
cultivated his favorite science, endeared him to all who 
approached him; while the extreme freshness of his 
mind kept him free from that dogmatism which is so 
often the accompaniment of old age, and enabled him 
to accept and appreciate heartily the work of younger 
men. 


In order to appreciate justly the influence of Lyell’s 
works upon the geology of the 19th century, it is necessary 
to bear in mind what was the state of knowledge upon 
this subject at the time when he entered the field in 1822. 
The rival schools of Werner and Hutton were then at the 
height of their famous contest, and, while the vehement 
discussions between the Neptunists and Vulcanists gave an 
impetus to the study of rock-masses, the one true principle 
upon which Hutton himself had so strongly insisted had 
dropped into oblivion, namely, that ‘in examining things 
present we have data from which to reason with regard to 
what has been,” and that therefore we have no need to 
imagine other causes than those now in action to account 
for the past. Meanwhile areaction against the speculative 
discussions which had so long occupied the world inclined 
many of the leaders of geological study to confine them- 
‘selves to the collection of facts, and the science became for 


atime a mere branch of mineralogy, which though most | 


valuable in laying a true foundation, was quite inadequate 
to deal with the earth’s history, since it took little or no 


account of organic remains, and their real significance was | 


not in the least understood. Both in England and France, 
however, materials were being accumulated which pre- 
pared the way for a wider basis. In 1799 William Smith, 
travelling over England, first grouped the formations ac- 
cording to the fossils contained in them, and in 1815 he 


_ published his geological map of England, thus making the 


first step in stratigraphical geology; and almost simulta- 
neously, in 1812, Cuvier’s restorations of the extinct mam- 
malia of the Paris basin, and Lamarck’s classification of 
recent and fossil shells, gave the first impulse to paleeon- 
tology. But the older schools of geologists, hampered by 
preconceived theories, were not prepared to make full use 
of the new facts. Cuyier himself, while insisting on the 
value of fossils in the chronology of the earth, yet re- 
tained all the old notions of sudden and violent convul- 
sions, attributing the destruction of the fauna of the Paris 
basin to the deluge, or to the bursting of lakes caused by a 
sudden revolution of the globe; and in like manner Buck- 
land, Sedgwick, and their compeers still explained every- 
thing by the diluvial theory, attributing the erratic 
blocks strewn over the Continent to the universal deluge, 
and accepting as demonstrated Blie de Beaumont’s theory 
of the sudden elevation of mountain chains. Sedgwick 
in his address to the Geological Society in 1834 even 
spoke confidently of the extinct forms in geological strata 
as “indications of change and of an adjusting power 
altogether different from what we commonly understand 
by the laws of nature.” 

To shake off the influence of preconceived opinions such 
as these there was needed a fresh impartial mind capable 
of appreciating the evidence which had been accumula- 


| sible the past history of the earth. 
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ting during the past thirty years, and especially alive to 
the discoveries of paleontology. These requisites were 
found in Lyell. Hisearly study of natural history gave him 
advantages possessed by few of his contemporaries, while 
the clear insight and calm judgment for which he was thus 
early remarkable Jed him alone of the younger school of 
geologists to grasp the truth enunciated by Hutton of the 
power of gradual changes to produce great results if only 
time enough be allowed. This truth he illustrated with 
such a wealth of facts, derived from his own observation 
and that of others, that in the first editionsof the Princi- 
ples we find sketched in broad outline, and demonstrated 
by actual examples, nearly all those fundamental truths 
which, though often vehemently opposed at the time, have 
now become so much the accepted basis of geology that it 
is difficult to realize how novel they were in 1830, 

Even the opening historical chapters cut boldly at the 
root of catastrophic geology by showing how the prejudices 
concerning the short duration of past time on the globe 
had led men to the mistaken conclusion that “centuries 
were implied where the characters imported thousands and 
thousands, where the language of nature signified mil- 
lions”; and the arguments for the uniform action of nature 
followed with overwhelming force, as Lyell proceeded to 
lay under contribution all countries of the world to show 
how the face of the earth is now being altered by rivers, 
torrents, springs, currents and tides, volcanoes and earth- 
quakes, 

In the second volume the changes in the organic world 
were used to teach the same lesson. The proofs of ex- 
tinction of specific forms in historical times were accumnu- 
lated to explain that the presence of extinet forms in 
geological formations was the effect of gradual causes and 
not of sudden and violent catastrophes, while the tranquil 
imbedding of organic remains now in progress was used to 
strengthen the previous argument derived from inorganic 
causes for the slow and gradual accumulation of fossilife- 
rous strata. It wasin this volume that Lyell made in 
1830 his celebrated attack upon Lamarck’s theory of the 
transmutation of species, and, though this has often been 
held as a want of appreciation on his part of the argu- 
ments of the great naturalist, yet, as we shall see presently, 
it was really a curious illustration of the impartiality of 
Lyell’s mind (though acting under what he himself would 
have called the influence of “inherited belief”) that this 
theory, so eminently calculated to harmonize with his own 
views of the power of minute causes to work appreciable 
change, was rejected by him because it rested upon an as- 
sumption of a law of innate progressive development, 
which could not be shown to be in accordance with natural 
facts. 

The third volume of the Principles, which did not ap- 


| pear till two years later, completed the task which Lyell 


had set himself, by interpreting the fragmentary record 
which remains to us of the successive geological formations 
of the earth’s crust with their imbedded remains and the 
associated volcanic rocks, and thus restoring as far as pos- 
Through all its suec- 
cessive editions this volume has remained the standard 


| text-book of geological history, as its two predecessors have 


of the philosophical principles of the science. 

So immediate was the effect of this remarkable work 
that from the time of its publication the earlier cosmogo- 
nies disappeared from the field, and even Cuvier’s Theory 
of the Earth never reached another edition. Yet, although 
geologists began insensibly to follow the lines which Lyell 
had marked out, they were long in receiving the principles 
upon which these were founded. Sedgwick, in the address 


| already quoted, while pronouncing a eulogy on the book 


as a whole, regretted that “from the very title-page of his 
work Mr, Lyell seems to stand forward as the champion of 
a great leading doctrine of the Huttonian hypothesis,” 7. e., 
the explanation of former changes by reference to causes 
now in operation; and Lyell’s oldest friend and fellow- 
laborer Murchison remained tothe last the exponent of the 
converse truth, that we have no evidence forbidding the 
possibility of a greater intensity of the forces in action 
during past periods. This form of catastrophic geology 
has indeed always prevailed upon the Continent, and still 
does so in a great degree. There is, however, nothing 
necessarily antagonistic in the two theories; and,if Lyell 
in his earlier years accentuated perhaps somewhat too 
strongly the necessity for making unlimited drafts upon 
the “ bank of time,’ as he often called it, to the exclusion 
of intensified volcanic or aqueous action, it was because he 
had to combat the opposite and deeply-rooted error. 
Between the year 1853, when the 9th edition of the 
Principles was published, and 1863, when he “read his re- 
cantation,” as he himself would sometimes express it, in 
the Antiquity of Man, the discovery of the flint implements 
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associated with bones of extinct mammalia at Abbeville, 
and subsequently in the valley of the Thames and else- 
where, threw an entirely new light upon the data of 
human existence upon the earth, allowing far more time 
for the development of the numerous varieties of man- 
kind than had hitherto been supposed possible. In con- 
junction with these discoveries came also the evidence 
adduced by Darwin and Wallace of the action of natural 
causes in producing modifications in living forms,—thus 
applying the very same principle to organic life which 
Hutton and Lyell had used to explain the gradual modi- 
fication ef the earth’s surface. Then it was that Lyell, 
who had rejected Lamarck’s theory because it rested on a 
purely imaginary law of innate progressive development, 
at once accepted ‘natural selection” as a vera causa help- 
ing to explain those evidences of the gradual change in 
organic forms presented in successive geological forma- 
tions. By recognizing the value of the new principle, and 
incorporating its results in his Principles, Lyell completed 
in 1872 in a fuller sense than he had contemplated in 1850 
the task of ‘explaining former changes of the earth’s 
surface (including the history of its living inhabitants) by 
reference to causes now in action”: while at the same 
time he gave to his original conception that element of 
expansion and pliability which was alone needed to en- 
sure its continued influence and the permanent celebrity 
of its author. 2 
Besides his books, Lyell contributed seventy-six geological pa- 
pers to various societies. The only authorities yet published 
for his life are Life and Letters of Sir Charles Lyell, 1881, edited 
by Mrs. Lyell, and the obituary notices in 1875 at the Royal and 
other Societies. (A. B. B.) 
LYLY, or Linny, or Lyi, Joun (1553-1606), the 
famons author of Muphues, was born in Kent in 1553 
or 1554. At the age of sixteen, according to Wood, he 
became a student of Magdalen College, Oxford, where 
in due time he proceeded to his bachelor’s and mas- 
ters degrees (1573 and 1575), and from whence we find 
him in 1574 applying to Lord Burghley ‘‘ for the queen’s 
letters to Magdalen College to admit him fellow.’’ The 
fellowship, however, was not granted, and Lyly shortly 
after left the university. He complains of what seems 
to have been a sentence of rustication passed upon him 
at some period in his academical career, in his address 
to the gentlemen scholars of Oxford affixed to the sec- 
ond edition of the first part of Huphwes, but in the ab- 
sence of any further evidence it is impossible to fix 
either its date or itscause. If we are to believe Wood, 
he never took kindly to the proper studies of the uni- 
versity. ‘‘ For so it was that his genius being natu- 
rally bent to the pleasant paths of poetry (as if Apollo 
had given to him a wreath of his own bays without 
snatching or struggling) did in a manner neglect aca- 
demical studies, yet not so much but that he took the 
degrees in arts, that of master being compleated 1575.” 
After he left Oxford, where he had already the repu- 
tation of ‘‘a noted wit,’’ Lyly seems to have attached 
himself to Lord Burghley. ‘‘This noble man,’’ he 
writes in the ‘‘ Glasse for Kurope,”’ in the second part 
of Huphues (1580), “SI found so ready being but a 
stranger to do me good, that neyther I ought to for- 
get him, neyther cease to pray for him, that as he hath 
the wisdom of Nestor, so he may have the age, that 
having the policies of Ulysses he may have his honor, 
worthy to lyve long, by whom so many lyve in quiet, 
and not unworthy to be advanced by whose care so 
many have been preferred.’’ Two years later we pos- 
sess a letter of Lyly to the treasurer, dated July, 1582, 
in which the writer protests against some undefined ac- 
cusation which had brought him into trouble with his 
patron, and demands a personal interview for the pur- 
ose of clearing his character. What the further re- 
Ree between them were we have no means of know- 
ing, but it is clear that neither from Burghley nor from 
the queen did Lyly ever receive any substantial patron- 
age. In 1578.he began his literary career by the com- 
osition of Huphues, or the Anatomy of Wit, which was 
icensed to Gabriel Cawood on December 2, 1578, and 
published in the spring of 1579. In the same year the 
author was incorporated M.A. at Cambridge, and pos- 
sibly saw his hopes of court advancement dashed by the 
appointment in July of Edmund Tylney to the office 
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of master of the revels, a post at which, as he reminds 
the queen some years later, he had all along been en- 
couraged to ‘aim his courses.’’ Huphues and his Hng- 

land appeared in 1580, and, like the first part of the 
book, won immediate popularity. For a time Lyly was 
the most successful and fashionable of English writers. 

He was hailed as the author of ‘‘a new English,’’ as a 
‘‘ yaffineur del’ Anglois ;”’ and, as Kdmund Blount, the 
editor of his plays, tells us in 1632, ‘‘that beautie in 
court which could not parley Huphuism was as little 
regarded as she which nowe there speakes not French.’ 

After the publication of Higohues, however, Lyly, seems 
to have entirely deserted the novel form himself, which 

passed into the hands of his imitators, and to have 

thrown himself almost. exclusively into play-writing, 

probably with a view to the mastership of revels when- 

ever a vacancy should oecur. Hight plays by him were 
probably acted before the queen by the children of the 
Chapel Royal and the children of St. Paul’s between 

the years 1584 and 1589, one or two of them being re- 

peated before a popular audience at the Blackfriars 
Theatre. Their brisk, lively dialogue, classieal color, 

and frequent allusions to persons and events of the day 
maintained that popularity with the court which Hu- 
phues had won. In 1589 Lyly published a tract in the 
Martin Marprelate controversy, called Puppe with an 
hatchet, alias a figge for my Godsonne; Or crack me 
this nut; Or a Countrie Cuffe, ete.’ About the same 
time we may probably date his first petition to Queen 
Klizabeth. The two petitions, transeripts of which are 
extant among the Harleian MSS., are undated, but in 
the first of them he speaks of having been ten years 
hanging about the court in hope of preferment, and in 

the second he extends the period to thirteen years. It 
may be conjectured with great probability that the ten 
years date from 1579, when Edmund Tylney was ap- 
pointed master of the revels with a tacit understanding 
that Lyly was to have the next reversion of the post. 

‘Twas entertained your Majestie’s servaunt by yourown 
eratious favor,’ he says, ‘‘strengthened with condicions 
that I should ayme all my courses at the Revells (I dare 
not say with a promise, but with a hopeful Item to the 
Revercion) for which these ten yeres I haye attended 
with an unwearyed patience.’’ But in 1589 or 1590 
the mastership of the revels was as far off as ever,— 
Tylney in fact held the post for thirty-one years,—and 
that Lyly’s petition brought him no compensation in 
other directions may be inferred from the second peti- 
tion of 1593. ‘‘ Thirteen yeres your highnes servant 
but yet nothing. Twenty freinds that though they saye 
they will be sure, I finde them sure to be slowe. A thou- 
sand hopes, but all nothing; a hundred promises but 
yet nothing. Thus casting up the inventory of my 
friends, hopes, promises, and tymes, the swnma totalis 
amounteth to just nothing.’? What may have been: 
Lyly’s subsequent fortunes at court we do not know. 

Edmund Blount says vaguely that Elizabeth ‘‘ graced 

and rewarded’”’ him, but of this there is no other evyi- 
dence. After 1590 his works steadily declined in influ- 

ence and reputation ; other stars were in possession of 

the horizon; and so far as we know he died poor and 

neglected in the early part of James I.’s reign. He 

was buried in London at St. Bartholomew the Less on 

November 20, 1606. He was married, and we hear of 

two sons and a daughter. 


Comedies.—In 1632 Edmund Blount published ‘Six Court 
Comedies,” including Endymion, Sappho and Phao, Alexander 
and Campaspe, Midas, Mother Bombie, and Gallathea. To 
these should be added the Woman in the Moone (Lyly’s 
earliest play, to judge from a passage in the prologue and 
therefore earlier than 1584, the date of Alexander and Cam- 
paspe),gnd Love’s Metamorphosis, first printed in 1601. Of 
these, all but the last are in prose. A Warning for Faire 
Women (1599) and The Maid’s Metamorphosis (1600) have 


1 The evidence for his authorship may be found in Gabriel 
Harvey's Pierce's Supererogation (written November, 1589, pub- 
lished 1593), in Nash’s Have with you to Saffron Walden (1596), and 
in various allusions in Lyly’s own plays. See Fairholt’s Dra- 
matic Works of John Lilly, vol. i. p. 20. 
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been attributed to Lyly, but on altogether insufficient | 
grounds. The first editions of all these plays were issued 
between 1534 and 1601, and the majority of them between 
1584 and 1592, in what were Lyly’s most successful and 
popular years. His importance as a dramatist has been 
very differently estimated. Prof. Minto denies him any 
appreciable influence upon our literature, while Professor 
A. Ward, on the other hand, rightly believes his work to 
have had a great effect upon the development of dramatic 
dialogue, and the prose drama in general. Lyly’s dialogue 
is stilla long way removed from the dialogue of Shake- 
speare. But at the same time it is a,great advance in ra- 
pidity and resource upon anythiny which had gone before 
it; if represents an important step in English dramatic art. 
His nimbleness, and the wit which struggles with his ped- 
antry, found their full development in the dialogue of 


Twelfth Night and Much Ado about Nothing, just as ‘“ Mar- 


lowe’s mighty line” led up to and was eclipsed by the 
majesty and music of Shakespearian passion. One or two 
of the songs introduced into his plays are justly famous, 
and show a real lyrical gift. Nor in estimating his dra- 
matic position and his effect upon his time must it be for- 
gotten that his classical and mythological plots, flavorless 
and dull as they would be to a modern audience, were 
charged with interest to those courtly hearers who saw in 
Midas Philip I1., Elizabetn in Cynthia, and perhaps Leices- 
ter’s unwelcome marriage with Lady Sheffield in the love 
affair between Endymion and Tellus which brings the 
former under Cynthia’s displeasure. As a matter of fact 
his reputation and popularity as a play-writer were consid- 
erable. Gabriel Harvey dreaded lest Lyly should make a 
play upon their quarrel; Meres, as is well known, places 
him among “the best for comedy ;” and Ben Jonson names 
him among those foremost rivals who were “ outshone” and 
outsung by Shakespeare. 

Huphwes.—lt was not, however, as a dramatist, but as the 
author of Huphues, that Lyly made most mark upon the 
Elizabethan world.’ His plays amused the court circle, but 
the “new English” of his novel threatened to permanently 
The plot of Luphues 
is extremely simple. The hero, whose name may very 
possibly have been suggested by a passage in Ascham’s 
School-master, is introduced to us as still in bondage to the 
follies of youth, “preferring fancy before friends, and this 
present humor before honor to come.” His travels bring 
him to Naples, where he falls in love with Lucilla, the 
governor’s light-minded daughter. Lucilla is already 
pledged to Euphues’s friend Philautus, but Euphues’s 
passion betrays his friendship, and the old lover finds him- 
self thrown over by both friend and mistress. Euphues 
himself, however, is very soon forsaken for a more attrac- 
tive suitor. He and Philautus make up their quarrel, and 
Euphues writes his friend “a cooling card,” to be “applied 
to all lovers,” which is so severe upon the fair sex that 
Lyly feels it necessary to balance it by a sort of apology 
addressed “to the grave matrons and honest maidens of 
Italy.” Euphues then leaves Naples for his native Athens, 
where he gives himself up to study, of which the first 
fruits are two long treatises—the first ‘‘ Euphues and his 
Ephebus,” a disquisition on the art of education addressed 
to parents, and the second, ‘‘Kuphues and Atheos,” a dis- 
cussion of the first principles of religion. The remainder 
of the book is filled up with correspondence between Eu- 
phues and his friends. We have letters from Euphues to 


‘Philautus on the death of Lucilla, to another friend on the 


death of his daughter, to one Botonio “to take his exile 
patiently,” and to the youth Alcius, remonstrating with him 
on his bad, behavior at the university. Finally a pair of 
letters, the first from Livia “at the emperor’s court to 
Euphues at Athens,’ answered by “Euphues to Livia,” 
wind up the first part, and announce to us EKuphues’s in- 
tention of visiting England. An address from Lyly to 
Lord Delawarr is affixed, to which was added in the second 
edition ““An Address to the Gentlemen Scholars of Eng- 
land.” 

Euphues and his England is rather longer than the first 
part. Euphues and Philautus travel from Naples to Eng- 
land. They arrive at Dover, halt for the night at Fidus’s 
house at Canterbury, and then proceed to London, where 


they make acquaintance with Surius, a young Hnglish gen- 


tleman of great birth and noble blood; Psellus, an Italian 
nobleman reputed “ great in magick”; Martius, an elderly 
Englishman; Camilla, a beautiful English girl of insignifi- 
cant family; Lady Flavia and her niece Fraunces. fter 
endless correspondence and conversation on all kinds of 
topics, Euphues is recalled to Athens, and from there corre- 
sponds with his friends. ‘‘ Euphues’ Glasse for Hurope” is 
a flattering description of England sent to Livia at Naples. 
It is the most interesting portion of the book, aud throws 


light upon one or two points of Lyly’s own biography. The 
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author naturally seized the opportunity for paying his 
inevitable tribute to the queen, and pays it in ‘his most 
exalted style. “O fortunate England that hath such a 
queene, ungratefull if thou praye not for hir, wicked if 
thou do not love hir, miserable if thou lose hir!’’—and so 
on. The book ends with Philautus’s announcement of his 
marriage to Fraunces, upon which Euphues sends charac- 
teristic congratulations and retires, “tormented in body 
and grieved in mind,” to the Mount of Silexedra, “‘ where 
I leave him to his musing or Muses.” 

Such is a brief outline of the book which for a time set 
the fashion for English prose. Two editions of each part 
appeared within the first year after publication, and thirteen 
editions of both are enumerated by Mr. Arber up to 1636, 
after which, with the exception of a modernized version in 
1718, Huphues was never reprinted until 1868, when Mr. 
Arber took itin hand. The reasons for its popularity are 
not far to seek. As far as matter was concerned it fell in 
with all the prevailing literary fashions. Its long disqui- 
sitions on love, religion, exile, women, or education, on 
court life and country pleasures, handled all the most fa- 
vorite topics in the secularized speculation of the time; its 
foreign background and travel talk pleased a society of 
which Lyly himself said “trafic and travel hath woven 
the nature of all nations into ours and made this land like 
arras full of deyice which was broadcloth full of work- 
manship;” and, although Lyly steered clear in it of the 
worst classical pedantries of the day, the book was more 
than sufficiently steeped in classical learning, and based 
upon classical material, to attract a literary cirele which 
was nothing if not humanist. A large proportion of its 
matter indeed was drawn from classical sources. The gen- 
eral tone of sententious moralizing may be traced to Plu- 
tarch, from whom the treatise on education, “ Euphues and 
his Epheebus,” and that on exile, ‘“‘ Letter to Botonio to 
take his exile patiently,” are literally translated, as well 
as a number of other shorter passages either taken direct 
from the Latin versions or from some of the numerous 
English translations of Plutarch then current. The innu- 
merable illustrations based upon a kind of pseudo natural 
history are largely taken from Pliny, while the mythology 
is that of Virgil and Ovid. 

It was not the matter of Huphues, however, so much as 
the style which made it famous. The sources of Lyly’s 
peculiar style have only recently been satisfactorily traced 
by a German scholar, Dr. Landmaun, whose interesting 
and well arranged pamphlet we need do little more than 
summarize (Landmann, Der Huphuismus, sein Wesen, seine 
Quelle, seine Geschichte, etc., Giessen, 1881). What, asks Dr. 
Landmann, is Euphuism, properly so called? The term till 
now has been generally used asif it included all the affected 
modes of speaking and writing in vogue in England during 
the 16th century. It has even been made to cover all the 
corruption of English taste from Surrey to Dryden; and 
the common mode of explaining it has been to say that it 
was a mere “exaggeration of the Italianating taste which 
had begun with the revival of our poetical literature” 
under Henry VIII. In reality, however, Huphues has very 
little to do with the other affectations of the time. Its 
chief characteristics, to quote Dr. Landmann, are ‘“‘a pecu- 
liar combination of antithesis with alliteration, assonance, 
rhyme, and play upon words, a love for the conformity and 
correspondence of parallel sentences, and a tendency to 
accumulate rhetorieal figures, such as climax, the rhetorical 
question, objections and refutations, the repetition of the 
same thought in other forms, etc.” To this may be added 
constant references to antiquity and a great fondness for 
comparisons drawn from a sort of fabulous natural history, 
On the other hand the style is free from what Puttenham 
calls “mingle mangle,” that is to say, from the pedantic 
and indiscriminate use of foreign or Latinized words, and 
also from the hyperbolical extravyagances of the Petrarch- 
ians. lLyly’s peculiarities are those of syntax and con- 
struction rather than of phraseology. Compared to that of 
the Surrey school, his diction is simple and direct, and he 
himself declares that he does not pretend to please those 
“Wnglishmen who desire to heare finer speech than the 
language will allowe,” that is to say, the lovers of the Ital- 
ianate circumlocutions which ruled English poetry from 
Surrey to Spenser. His work then is not simply to be re- 
garded as the outcome of the classical and Italian influence 
at work in England since the beginning of the century. It 
has individual features which have to be accounted for, 
and which have now been traced with certainty by Dr. 
Landmann to the influence of one foreign author—Don 
Antonio de GUEVARA (q.v.). Guevara’s chief work was E1 
Libro Aureo de Marco Aurelio (1529),—a sort of historical 
romance based upon Plutarch and upon Marcus Aurelius’s 
Meditations, the object of which was to produce a “mirror 
for princes,” of the kind so popular throughout the Renais- 
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sance. 
an enlarged edition of his book, calling it Libro del Hm- 
perador Marco Aurelio con relox de Principes ; and a number 
of fresh editions and of translations into almost every Eu- 
ropean language followed. The book became almost imme- 
diately popular in England. The first edition, or rather a 
French version of it, was translated into English by Lord 
Berners in 1531, and published in 1534. Before 1560 twelve 
editions of Lord Berners’s translation had been printed, and 
before 1578 six different translators of this and later works 
of Guevara had appeared. The translation, however, 


which had most influence upon English literature was that | 


by North, the well-known translator of Plutarch, in 1563, 
called The Dial for Princes, Compiled by the Reverend Father 
in God Don Antony of Guevara, Byshop of Guadix, &e., Lng- 
lished out of the Frenche by Th. North. It was from this 
book, and from certain other translations from Guevara, of 
which a full account will be found in Dr. Landmann’s 
pamphlet, that Lyly borrowed his peculiar style, and even 
a certain small proportion of his material. The sententious 
and antithetical style of the Dial for Princes is substantially 
that of Luphues, though Guevara on the whole handles it 
better than his imitator, and has many passages of real 
force and dignity. The general plan of the two books is 
also much the same. In both the biography is merely a 
peg on which to hang moral disquisitions and treatises. 
The use made of letters is the same in both. Even the 
names of some of the characters are similar. Thus Gue- 
vara’s Lucilla is the flighty daughter of Marcus Aurelius. 
Lyly’s Lucilla is the flighty daughter of Ferardo, governor 
of Naples; Guevara’s Livia is a lady at the court of Marcus 
Aurelius, Lyly’s Livia is a lady at the court “of the em- 
peror,” of whom no further description is given. The 9th, 
10th,.1J1th, and 12th chapters of the Dial for Princes sug- 
gested the discussion between Euphues and Atheos. The 
letter from Euphues to Alcius is substantially the same in 
subject and treatment as that from Mareus Aurelius to his 
nephew Kpesipo. Both Guevara and Lyly translated Plu- 
tarch’s work De Educatione Liberorum, Lyly, however, keep- 
ing closer than the Spanish author to the original. The 
use made by Lyly of the university of Athens was an ana- 
chronism in a uovel intended to describe his own time. 
He borrowed it, however, from Guevara, in whose book a 
university of Athens was of course entirely in place. The 
“cooling card for all fond lovers” and the address to the 
ladies and gentlemen of Italy have their counterparts 
among the miscellaneous letters by Guevara aflixed by 
North to the Dial for Princes ; and other instances of Lyly’s 
use of these letters, and of two other treatises by Guevara 
on court and country life, could be pointed out. 

Lyly was not the first to appropriate and develop the 
Guevaristic style. The earliest book in which it was fully 
adopted was A petite Pallace of Pettie his Pleasure, by George 
Pettie, which appeared in 1576, a production so closely akin 
to Luphues in tone and style that it is difficult to believe it 
was not by Lyly. Lyly, however, carried the style to its 
highest point, and made it the dominant literary fashion. 
His principal followers in it were Greene, Lodge, and Nash, 
his principal opponent Sir Philip Sidney; the Arcadia in 
fact supplanted Huphues, and the Euphuistie taste proper 
may be said to have died out about 1590 after a reign of 
some twelve years. According to Drayton it was Sidney’s 
chief merit that— 

“He did first reduce 
Our tongue from Lillie’s writing then in use, 
Talking of Stones, Stars, Plants, of Fishes, Flyes, 
Playing with words and idle similies, 
As th’ English Apes and very Zanies be 
Of everything that they doe heare and see, 
- So imitating his rediculous tricks 
They spake and writ all like meere lunatiques.” 


Shakespeare, Dr. Landmann maintains, cannot strictly 
speaking be said to have ridiculed Euphuism. Love’s Labor 
Lost is a caricature of the Italianate and pedantic fashions 
of the day, not of the peculiar style of Huphues. The only 
certain allusion in Shakespeare to the characteristics of 
Lyly’s famous book is to be found in Henry IV., where 
Falstaff, playing the part of the king, says to Prince Hal, 
“Harry, I do not only marvel where thou spendest thy 
time, but also how thou art accompanied; for, though the 
camomile the more it is trodden on the faster it grows, yet 
youth the more it is wasted the sooner it wears.” Here 
the pompous antithesis is evidently meant to caricature 
the peculiar Euphuistic sentence of court parlance. That 
Shakespeare indeed was well acquainted with what was 
the court manual of his youth, and at times reproduces 
both ideas and phrases from it, has been amply proved by 
Mr. Rushton, the German critic Hense, and others, but 
there is no evidence of antagonism between the two 
writers. It might have been otherwise had Lyly’s Euphu- 


Within the year of its publication Guevara issued | 


LYMINGTON—LYNCH LAW. 


ism affected his plays. But these show little or no trace of 
Guevara’s influence; their faults are the common faults of 
Elizabethan writing, from many of which Shakespeare 
himself was not free. 

See Huphues, from early editions, by Edward Arber, 1868 ; 
Professor Ad, Ward’s Lnglish Dramatic Literature, i. 151; 
Collier’s History of Dramatic Poetry, iii. 172; John Lilly and 
Shakespeare, by C.C. Hense in the Jahrbuch der deutschen 
Shakesp. Gesellschaft, vols. vii. and viii. (1872, 1873); F. W. 
Fairholt’s Dramatic Works of John Lilly, 2 vols., 1858; 
Shakespeare's Euphuism, by W.L. Rushton; “ Euphuism” in 
the Quarterly Review, 1861. (M. A. W.) 

LYMINGTON, a municipal and parliamentary bor- 
ough and seaport town of Hampshire, Hneland, is | 
| situated on the Lym at its entrance to the Solent op- 
| posite the Isle of Wight, 94 miles southwest of London 
and 15 south of Southampton. The parish church, 
dedicated to St. Thomas 4 Becket, is an irregular 
structure, dating from the reign of Henry VI., but 
frequently restored. There are two grammar schools 
and several charities. ‘The manufacture of salt and of 
Kipsom salts has been declining for some years. 
building yard here has turned out some of the most 
famous racing yachts. In summer the town is much 
frequented for sea-bathing. Lymington in Domesday 
is called Lentune, changed afterwards to Limentwm. 
It was a borough by preseription, and received a grant 
of incorporation from James I. From the 27th of 
Elizabeth till 1867 it returned two members to parlia- — 
ment, and it still returns one. The population of the 
municipal borough (141 acres) was 2431 in 188], and 
that of the parliamentary borough 4769 acres) 5462. 

LYNCHBURG, a city in Campbell county, Vir- 
ginia, U.S., is finely situated on the rising ground to 
the south of the James river, 144 miles by rail west by 
south of Richmond. Having excellent facilities of ° 
communication by the Richmond and Alleghany, the 
Norfolk and Western, and the Virginia Midland Rail- 
ways, together with the James River canal, and pos- 
| sessing abundant water-power and immediate access 
/to coal and iron, Lynchburg has become the seat of 
no small commercial and industrial activity. The to- 
baceo trade, which formerly rendered it the wealthiest 
city of its size in the United States, except New Bed- 
| ford, Mass., is still the staple; there are about eighty 
| factories in the town, and the amount of tobacco sold 
in 1870-71 was 17,425,439 tb, while in 1880-81 it was 
26,000,000 tbh. Most of the operatives are negroes— 
men, women, and children all being employed. ‘The 
local iron-works and flour-mills are of some importance, 
and Jarge machine-shops are maintained at Lynchburg 
by the Norfolk and Western Railway. Two reservoirs, 
constructed in 1828 and 1878, supply the town with 
water. The population was 8067 in 1850, 6853 in 
1860, 6825 (3353 colored) in 1870, and 15,959 in 1880. - 

The town dates from 1786, and derives its name from a 
Mr. Lynch who served in the war of independence and is 
erroneously credited by some with the origination of the 
term Lynch law. It was incorporated as a city in 1805. 
During the civil war it was a point of great importance to 
the Confederates as a base of supplies, 


LYNCH LAW, a term used in the United States 
to characterize the action of private individuals, or- 
ganized bodies of men, or disorderly mobs, who, without 
legal authority, proceed to punish by hanging or other- 
wise real or suspected criminals, without a trial accord- 
ing to the ordinary forms of law. The origin of the 
term is doubtful. American lexicographers generally 
refer it to the practice of a Virginia farmer of the 17th 
century, named Lynch, who, when he caught a wrong- 
doer, was wont to tie him to a tree and flog him, 
without waiting to summon the officers of the law. 
Heas also said to have acted, by request of his neigh- 
bors, though without any legal authority, as a judge 
‘in the summary trial of persons accused of crime. 
Others trace the origin of the name to the act of James 
Kitzstephen Lynch, mayor and warden of Galway, 
Treland, in 1493, who is said to have ‘‘ hanged his own 
son out of the window for defrauding and killing stran- 


fore each 
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gers, without martial or common law, to show a good 
example to posterity.’’ Others trace it still further to 
the old Anglo-Saxon verb linch, meaning to beat with 
a club, to chastise, etc., which they assert has survived 
in this cognate meaning in America, as have many 
other words and expressions long obsolete in Great 
Britain.. While lynch law does not prevail in the old 
and. well-settled States of the Union, and is almost 
universally deprecated, it is sometimes resorted to even 
in these States, in times of great popular excitement, 
or when the legal penalty seems disproportioned 
to the enormity of the offence. or example, the 


practice of lynching is said to have increased in Wis- 


consin since the abolition of the death penalty by law. 
Lynch law prevailed to a large extent in the early his- 
tory of California, Oregon, Nevada, Kansas, Colorado, 
and other western States and Territories, and during 
the border troubles attending the outbreak of the civil 
war. Bodies of citizens, organized secretly or openly 
under the well-known names of ‘‘ vigilance commit- 
tees,’ “‘ vigilantes,’ ‘‘ regulators,’’ ‘‘ law-and-order- 
men,’’ ete, punished with summary severity, and 
generally with wise discretion, horse-thieves, highway 
robbers, burglars and swindlers, as well as murderers. 
Certain rude forms of trial were generally observed, 
but acquittals were rare, and the punishment was 
usually death by hanging. ‘The practice, however bar- 
barous under the conditions of well-settled government 
and society, has its justification in necessity in the 
newly -settled districts, frontier towns, and mining 
camps, Where a rapid and extraordinary influx of pop- 
ulation has preceded the establishment of civil govern- 
ment, or where the assembling of a large number of 
bold and hardened desperadoes has enabled them to 
defy the legally constituted authorities, and to commit 
crime at will, until suppressed by the voluntary and 
concerted action of the order-loving portion of the 
community. 

LYNDHURST, Jomn Srnairron Copiry, BARON 
(1772-1863), four times lord chancellor of England, 
was born at Boston, New England, in 1772. His 
father, son of an Englishman, but also anative of Bos- 
ton, was a painter of very considerable note, who set- 
tled in London just before the commencement of the 
war of American independence. ‘The son studied at 
Cambridge, where he was second wrangler and fellow 
of Trinity. Called to the bar in 1804, he gained a con- 
siderable practice; but it was not till 1817 that he be- 
gan to come to the front. In that year he was one of 
the counsel for Dr. Watson, tried for his share in the 
Spa Fields riot. On this occasion Copley so distin- 
guished himself as to attract the attention of Castle- 
reagh and other Tory leaders, under whose patronage 
he entered Parliament, and was advanced to the high- 
est legal positions, becoming solicitor-general in 1819, 
attorney-general in 1824, and lord chancellor in 1827, 
with the title of Lord Lyndhurst. Before being thus 
taken up by the Tories, Copley was a man of the most 
advanced views, a republican and Jacobin, and his ac- 
cession to the Tories naturally excited a good deal of 
comment, which he bore with the greatest good humor. 
He gave a brilliant and eloquent but by no means ran- 
corous support to all the reactionary measures of his 
chief. The same year that he became solicitor-general 
he married a fashionable wife, and began to take a con- 
spicuous place in society, in which his noble figure, his 
ready wit, and his never-failing bonhonie made hima 
distinguished favorite. 

As solicitor-general he took a prominent part in the 
trial of Queen Caroline. To the great Liberal meas- 
ures which marked the end of the reign of George LV. 
and the beginning of that of William LV. he gave a 
vigorous opposition. During the Melbourne adminis- 
tration from 1835 to 1841 he figured conspicuously as 
an obstructionist from his seat in the House of Lords. 
In these years it was a frequent practice with him, be- 
rorogation of Parliament, to entertain the 
House with a “review of the session,’ in which he 
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mercilessly attacked the Whig Government. His for- 
mer adversary Lord Brougham, now inetfably disgusted 
at his treatment by the Whig leaders, soon bosata his 
most powerful ally in opposition ; and the two domi- 
nated the House of Lords, Throughout all the Tory 
Governments from 1827 Lyndhurst held the chancel- 
lorship; and in the Peel administration (1841-46) he 
resumed that office for the fourth and last time. As 
Peel never had much confidence in Lyndhurst, the 
latter did not exert so great an influence in the eabi- 
net as his position and experience entitled him to do. 
But he continued a loyal member of the party. As in 
regard to Catholic emancipation, so in the agitation 
against the corn laws, he opposed reform till his chief 
gave the signal for concession, and then he cheerfully 
obeyed. After 1846 and the disintegration of the 
Tory party consequent on Peel’s adoption of free trade, 
Lord Lyndhurst was not so assiduous in his attendance 
in Parliament. Yet he continued to an extreme old age 
to take a lively interest in public affairs, and oecasion- 
ally to astonish the country by the power and bril- 
lianey of his speeches. ‘That which he made in 1853 in 
denunciation of the aggressive policy of the Russian 
emperor Nicholas, made a sensation in HNurope; 
throughout the Russian war he was a strong advocate 
of the energetic prosecution of hostilities. In 1859 he 
denounced with his old energy the restless ambition of 
Napoleon III. When he was released from the tram- 
mels of an official position, he came forward somewhat 
as the advocate of liberal measures, He strenuously 
supported the admission of Jews into Parliament ; his 
second wife was a Jewess. Under the influence of Mrs. 
Norton he appeared also as the advocate of women’s 
rights in questions of divorce. At the age of eighty- 
four he passed the autumn at Dieppe, ‘* helping to fly 
paper kites, and amusing himself by turns with the 
writings of the Greek and Latin fathers on divorce and 
the amorous novels of Eugene Sue.’’ His last speech, 
marked by his ‘* wonted brilliancy and vigor,’’ was de- 
livered in the House of Lords at the age of eighty-nine. 
He died in 1863, in his ninety-second year. ‘The im- 
pression we have of Lyndhurst from Lord Campbell's 
memoir is that of a man with rather an easy conscience 
in political life, not too scrupulous in his attention to ju- 
dicial duties, but possessed of a fine and noble presence, 
a ready wit, an unfailing sweetness of temper, and a 
real kindness and charm of manner that won the 
hearts of men. 

See Lives of the Lord Chancellors of England, vol. viii. 
(Lords Lyndhurst and Brougham), by Lord Campbell, 1869, 
Campbell was a personal friend but a political opponent. 


LYNDSAY, Sr Davin (e. 1490-1555), for about 
two centuries and a half perhaps the most popular poet 
of Scotland, was born hi 1490, raeably either at 
the family estate of The Mount, in the parish of Moni- 
mail, near Cupar in Fife, or at Garleton near Hadding- 
ton in East Lothian, where the ruins of an old man- 
sion-house of the Lyndsays still remain. Little is 
known of his boyhood, but he is understood to have 
entered the university of St. Andrews about 1505, and 
he became one of the tncorporati of St. Salvator’s Col- 
lege in 1508 or 1509. After leaving college there is 
reason to think that he went abroad for a year or two, 
visiting, it is supposed, both France and Italy ; but of 
this there is no certain information. In 1511 he must 
have been attached in some way to the court of James 
IV., as in the October of that year an entry appears 
in the royal treasurer’s accounts for the sum of £3. 4s. 
for ‘‘ blue and yellow taffities to bea play coat to David 
Lyndsay for the play playit in the king and queen’s 
presence in the Abbey of Holyrood,’’—so that even at 
that early period Lyndsay would seem to have developed 
his taste for masques and mummeries, play-acting and 
tale-telling. After this his name occurs in the treas- 
urer’s accounts for a regular salary of £40 a year; and 
on the birth of James V. in 1512 he was appointed to 
be the personal attendant of the young prince, in which 
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situation he remained till James had attained his 
twelfth year in 1524—sometimes under the title of 
‘keeper of the kingis grace,’’ sometimes as the 
“kingis miaister usher,’’ and sometimes as the 
“‘kingis maister of houshald,’’? but throughout with 
the yearly salary of £40. Lyndsay’s close connection 
with the cout led to his bee present at the remark- 
able scene just before Flodden, in the church of Linlith- 
gow, when the so-called apparition came in “‘ calling 
loudly for the king,’ and, after warning him against 
proceeding on his ill-judged expedition against Eng- 
find! vanishing away ‘‘as it had been a blink of the 
sun or ane whiss of the whirlwind.”’ The incident is 
related both by Pitscottie and by Buchanan, expressly 
on the authority of Sir David; and Tytler shrewdly re- 
marks that possibly Lyndsay knew more of the affair 
than he cared to confess, a conjecture which both Lynd- 
say’s well-known prudence and sagacity in political af- 
fairs and his skillin arranging masques and stage plays 
renders exceedinzly probable. In 1522 Sir David mar- 
ried Janet Douglas, of whom we know nothing except 
that she also was attached to the king’s court, and was 
employed as semptress to ‘his grace,’’ various pay- 
ments to her being entered in the accounts for her dili- 
ence in the humble office of *‘ sewing the kingissarkis.”’ 
t is evident from many passages in Lyndsay’s poems 
that his good sense and sweet temper, his varied ac- 
complishments, and his skill in mingling amusement 
with instruction had greatly endeared him to the young 
king, and it would have been well for James if he 
had never listened to other and worse counsels than 
those of his wise and affectionate ‘‘ maister usher.’’ 
It is to the credit of the king, however, and character- 
istic of the generous disposition of the earlier Stuarts, 
that he never forgot or forsook the friend of his in- 
fant and boyish years. Jor when he fell under the 
power of the Douglases in 1524, and when Lyndsay 
ae to take his dismissal from court, James took care 
that his salary should continue to be paid him; and 
no sooner did he escape from their domination than 
Lyndsay was at once recalled, and the appointment 
of lyon-king conferred upon him. This was in 1529, 
and it is a remarkable proof of the reputation which 
Lyndsay had by this time acquired for prudence and 
sterling practical ability that he was at various times 
sent abroad im connection with embassies from Scot- 
land. In 1531 he went to the Netherlands to renew 
the commercial treaty with that country. On this 
occasion the embassy had a personal interview with 
the emperor Charles V., and the mission was perfectly 
successful. A few years afterwards (in 1536) he 
formed one of the envoys sent to France to conclude a 
treaty of marriage between the Scottish king and Marie 
de Bourbon, daughter of the Due de Vend6me. It is 
evident therefore that Lyndsay’s position and employ- 
ments must have enabled him to gather much expe- 
rience of life, and to obtain a somewhat varied knowl- 
edge both of men and things. His last sad office to 
his beloved sovereign was to attend at his bedside 
when the poor king was dying of a broken heart at 
Falkland, in December, 1542. Jyndsay survived the 
king about thirteen years. At the time of Cardinal 
Beaton’s assassination he held a seat in parliament as 
commissioner for the burgh of Cupar. In 1548 he was 
despatched to Denmark to negotiate a free trade, par- 
ticularly in grain, for the Scottish merchants, which 
was readily granted. Mr. Laing, on the authority of 
an entry in the Privy Seal Register, states that his 
death must have taken place early in 1555. 

When Lyndsay was driven from the court by the 
advent of the Douglases to power, he no doubt felt it 
as a bitter misfortune and a disappointment of all his 
highest hopes. But we are greatly mistaken if he did 
not ere long come to regard it in a very different light. 
Like most men of genius, he had evidently two sides 
to his character. On the one side he had a taste for 
pleasure, sociality, pageantry, and frivolous amuse- 
ments; and a few years more of these might have 
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deadened his nature to everything else, and converted 
him into a mere dangler after royalty. But he had 
also elements of a better kind. He was well educated 
and accomplished ; he had read somewhat extensively, 
and was master of most of the knowledge to be had in 
books at that time. He had seen not a little of the 
world, both in Scotland and in foreign countries; he 
was an acute discerner of character, and had both 
knowledge of and skill in affairs. Now then was just’ 
the time for a man like him, arrived at the full ma- 
turity of his intellect, to turn all these varied acquisi- 
tions to account. Lyndsay therefore, we may, infer, 
retired to his country-seat, either at The Mount, or as 
we fancy more likely to Garleton (that he might be 
more within call should a change take place in the 
political situation at Edinburgh), and there, after the 
first dull pang of disappointment was over, he doubt- 
less found that there was no lack of subjects to engage 
his best thoughts. One of the great erises in the his- 
tory of Kurope and in the progress of human thought 
had just arisen. The trumpet of the Reformation had 
been sounded in Germany, and its reverberation had 
already been heard in Scotland, where both political 
and ecclesiastical disorder had nearly reached their 


worst, and were becoming the source of deep anxiety 
and desire for redress to all good men. For Lyndsay, 


therefore, there was something else to do than to | 
brood moodily over his own private griefs. He had 
to make up his mind on a variety of great public ques- 
tions, as well perhaps as to settle the great personal 
question of his own religious faith ; and in his earliest 
work, Zhe Dreme, which seems to have been com- 
posed at this time, we have a somewhat vivid picture 
of the turn his thoughts took. 


He presents himself as having spent the long winter 
night without sleep, ‘through heavy thought, remember- 
ing of divers things gone.” On getting up and walking 
out, he finds the dull winter season, with its bitter blasts 
and sharp sleety showers, but ill-fitted to console him, and 
only too much in harmony with his own melancholy. He 
goes down to the sea-shore, but things are no better there ; 
for the ‘‘ weltering of the waves” at once associates itself 
in his mind with ‘this false world’s instability.” Thus 
far, then, his meditations seem to have had a merely per- 
sonal reference. But by and by, on retiring into a cave 
near the shore, he falls into a trance, in which his thoughts 
take a wider range. The miserable state of his country, 
from misgovernment on the part of its rulers and the vices 
of both clergy and laity, fills his mind, and, reflecting on 
the ultimate fate of such men, he finds himself in the 
twinkling of an eye in hell, where he sees wicked popes, 
kings, conquerors, princes, and lords temporal, with no end 
of churchmen, “ mansworn merchants,” “ unleil laboraris,” 
craftsmen “out of number,” ‘ hurdaris of gold and common 
occararis,” all “tormentit with pains intolerable.” Then, 
leaving this ‘ dolorous dongeon,” he has a passing sight of 
purgatory, though apparently with some misgiving as to 
its reality, his significant remark being— 

“Sie things to be great clerkis does conclude, 
Howbeit my hope stands most in Christis blood.” 


Proceeding then to the realms of bliss, he sees something 
of the rewards of good and just rulers and righteous men ; 
and by and by returning to the earth, and at length look- 
ing down upon Scotland, he sees a region both good and 
fair, its seas abounding in fish, its mountains covered with 
pasture, the valleys fit for corn, the forests full of game, 
mines with gold and silver, the people fair, intelligent, 
strong, and noble-minded,—and yet with all this, the coun- 
try poor and the inhabitants miserable. What could be the 
cause? and the answer given is that the realm wants good 
government, impartial administration of justice, and free- 
dom from war and discord. Viewing the country all over 
—on the borders 
“Betwixt the Merse and Lochmaben, 

He could not knaw a leil man from a thief. 

To show their reif, theft, murther and mischief, 

And yicious works, it would infest the air.” 


In the Highlands it was no better :— 
“Unthrift, sweirness, falset, Labi and strife 


Put policy in danger of her life. 


And even in the Lowlands, where better things might ‘be 
expected, it was impossible for a poor man to live by 
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his industry. If he settled in the towns, “singular pro- 
fet” (by which we understand him to mean the system of 
monopolies and close trade corporations, which everywhere 
prevailed) “gart him soon dislodge.” And if he attempted 
to get redress to his wrongs there was no help for him any- 
where. The spiritual state, plunged in simony, coyvetous- 
ness, pride, ambition, sensuality, and the love of pomp and 
pleasure, ‘‘ held him at disdain ;” and among the nobility 
and gentry “liberality and lawté both are lost,” knightly 
courage is “turnit in brag and boast,’ and disorder and 
‘civil war have produced a state of things in which “there 
is nocht else bot ilk man for himself.” 
whole is—‘‘ Woe to the land that has ouer young ane 
king !’—“there sall na Scot have comforting till that I 
see the country guided by wisdom of ane gude auld pru- 
dent king.” The poet is then awakened by the sound of 
cannon. from a ship of war approaching the coast,—the sug- 
gestion, as we imagine, being that the existing state of 
things can only end in violence and uproar, in tumult 
and rebellion, most probably in foreign invasion and revo- 
lution. 


On the whole The Dreme appears the most finished 
and artistic of Lyndsay’s works. It has a tone of 
greater seriousness, bears the marks of more care and 
elaboration in the composition; and, though it has a 
good deal of the crudeness of a first attempt, we think 
we can discover an effort at least at a finer proportion 
and harmony of parts than in any of his subsequent 
poems. In its subject-matter it strikes the keynote of 
almost all that he afterwards wrote. ‘The evils, the 
wrongs, the misgovernment of his country evidently 
filled his whole soul with grief, indignation, and the 
desire for reform; and we almost doubt if there is to 


be found anywhere except in the old Hebrew prophets | 


a purer or more earnest breathing of the patriotic spirit. 
‘Indeed if we may judge from the motto prefixed to his 
Dreme we would almost fancy that he had made them 
his model :— Prophetias nolite spernere. Omuia autem 

robate: quod bonum est tenete. Lyndsay accordingly 
is to be jadged of less as a poet that as a great political 
and ecclesiastical reformer. That his works are writ- 
ten in verse is merely incidental. Though not destitute 
of poetical genius, this was scarcely the special charac- 
teristic of his mind. His greatest work, and the only 
one to which it is necessary here to make further allu- 
sion, was his Satire of the Three Estates. It isadrama, 
and may be said to be in some respects one of the most 
remarkable that ever was written. The dramuatis per- 
sone. are chiefly allegorical, and under the names of 
Rex Humanitas, Wantonness, the Vices (Flattery, 
Falset, and Deceit) in the habit of friars, King Cor- 
rection, Good Counsel, Temporality, Sensuality, Chas- 
tity, Verity, John the Commonweal, ete., the most 
bitter and unsparing exposure is made of the wicked- 
ness and corruption of all classes of the community. 
King, clergy, lords, merchants, craftsmen—no one 
escapes the severest censure and the most unmitigated 
ridicule. And yet this extraordinary production was 
acted on the borough muir of Kdinburgh before the 
king himself, many of the highest nobility and clergy, 
and an immense crowd of all classes of the people. 
How the author escaped being torn in pieces by the 
mob or burnt at the stake by the ruling powers it is 
difficult to understand. | Perhaps the explanation is 
that each class saw every other beard under the lash 
equally with itself, and felt consoled for its own shame 
by enjoying the infliction visited on its neighbors. 
Very likely too the grotesque wit and the fun with 
which the serious matter of the play was so largely 
spiced charmed the audience into good humor, and 
left them unable to think of vengeance. It may be 
somewhat confidently inferred too that the dramatist 
so exactly expressed the public feeling of the time as 
to the evils and corruption under which the state was 
rapidly going to destruction that, even when his sting- 
ing reproaches most nearly touched themselves, their 
consciences were smitten and they were compelled to 
assent to the perfect truth and justness of his rebukes. 
But be this as it may, there can hardly be a doubt that 
this most singular drama formed one of the chief means 
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by which the way was paved for the Reformation af- 
terwards carried out by Knox and his coadjutors.! One 
thing is especially remarkable in Lyndsay’s politics, 
both civil and ecclesiastical, that, hopeless and depress- 
ing as the condition of the country must have been to 
a man like him, his opinions never ead in mere nega- 
tions, but are throughout constructive in their charac- 
ter. And yet more thorough-going radicalism it would 
be difficult clsewhere to find. He does not for exam- 
ple scruple to declare that kings who govern ill should 
be deposed. This, however, was merely a speculative 
opinion, and it is of more interest to ascertain what his 
practical suggestions were. Among them we find the 
following :—that the king should on no account attempt 
to do anything without the advice of his council and 
parliament; that John the Commonweal should havea 
greater yoice in parliament, 7.¢., in our modern phrase, 
that there should be a considerable extension of the 
franchise ; that (as already mentioned) all close corpo- 
rations and monopolies should be abolished; that 
temporal lands should be set in feu to the tenants on 
condition of their duly rendering the prescribed ser- 
vices to the state, a measure not very dissimilar in 
principle (if we understand it aright) to that lately 
introduced into Ireland; that lords should be respon- 
sible for thieves who find refuge on their lands, and 
make restitution to the poor who have been plundered 
by them; that courts of justice should be established 
in the remoter parts of the country, such as Klein and 
Inverness, in order to-avoid the expense attendant on 
the transference of pleas to the metropolis, and, to 
provide for their maintenance, the nunneries in that 
quarter to be abolished and their revenues sequestrated, 
the reason given being— 
“Thir wanton nuns are na way necessair 

Till common-weill, nor yet to the glorie 

Of Christis kirk, thocht they be fat and fair, 

And als that fragile order feminine 

Will nocht be missit in Christ's religion.” 


No less stringent and sweeping are his proposals for 
the reform of the church. The religion of Christ must 
be purged of all deceit and hypocrisy. The consistorial 
courts are to have no jurisdiction in matters temporal. 
No clergyman is to be admitted to office unless duly 
qualified in learning and piety. Celibacy is to be abol- 
ished. Bishops and priests must be compelled to 
preach regularly and “take better tent to souls under 
their dominion.’ Benefices are not to be purchased 
either from prince or pope, nor is money to be per- 
mitted to go to Rome for bulls and pleas. Pluralities 
and patronage are to be abolished, residence is to be 
enforced, and the people are to haye a voice in the 
choice of their spiritual guides. In fact many of Lynd- 
say's proposals of reform have quite a modern look, 
and this perhaps explains in some degree the long- 
continued popularity of his works among his country- 
men, which otherwise it is rather difficult to account for, 
They have none of the chivalric, spirit-stirrmg power 
of many of our ancient songs and ballads, none of the 
tender love and melancholy which form the charm of 
Burns’s lyrics, none of the joyous abandon of convivial 
or amorous ditties, and none of the fascination which 
springs from well-constructed tales or narrative poems, 
like those of Chaucer or Scott. It is difficult to sup- 
pose that even the humor which pervades them, seldom 
of the most refined kind and often very much the re- 
verse, can have been in any great degree pleasing to 
readers of a later age than the author’s own. The only 
explanation, we suspect, is that Lyndsay’s intense and 
uncompromising love of liberty, his strong sympathy 
with the poor, his love of justice, his keen hatred of 
tyranny, wrong, and oppression, and his shrewd common 
sense easily found a responsive chord in Scottish bosoms. 
Nor was the interest which his works so long retained 
among the Scottish peasantry merely of a sentimental 
kind. For many of the evils against which he directed 


1 See Ellis, Original Letters, 3d series, vol. iii. p. 280; and Row, 
History of the Kirk of Scotland, p. 7. 
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his severest invectives continued long afterwards to 
afflict his country, and even when somewhat changed 


in their aspect still reappeared in analogous forms or | 


character. Prelatic usurpation and cruelty were as rife 
as ever in the century which succeeded that in which 
Lyndsay wrote; aristocratic venality and heartlessness 
have perhaps even yet hardly ceased out of the land; 
church patronage, always hateful to religious-minded 
Scotsmen, was hardly abolished before it was reim- 
posed. And then such incidents as the massacre of 
Glencoe, the union with England, a measure intensely 
disliked by the great mass of the Scottish people, the 
infamous treatment of the Darien colonization scheme, 
the barbarities which followed the two Jacobite rebel- 
lions, the deprivation up to 1832 of any true parlia- 
mentary representation, and the continuance of close 
municipal and trade corporations, all tended to keep up 
a bitter sense of wrong tu which Lyndsay’s satires gave 
point and expression. 

The best accessible editions of Lyndsay’s works are those 
of George Chalmers, in 3 vols., London, 1806, and of David 
Laing, also in 3 vols., Edinburgh, 1879. These, with the 
Early English Text Society’s edition, leave little to be de- 
sired for the establishment of a correct text, and for purely 
antiquarian illustration. In Warton’s History of English 
Poetry, and in Irving’s History of Scottish Poetry, good criti- 
cal estimates will be found of Lyndsay’s place as a poet. It 
is possible, however, that something yet remains to be done 
in order to determine his exact position as a great political 
and religious reformer, and to illustrate the effect which 
his works have had in directing popular feeling and opin- 
ion in Scotland. (Ja eB.) 

LYNN, a city in Essex county, Massachusetts, U. 
S., is situated near the north end of Massachusetts 
Bay, on a harbor formed by the peninsula of Nahant, 
10 miles northeast of Boston, with which it is con- 
nected by different lines of railway. The bulk of Lynn 
is built on the low grounds near the sea; but in the 
northeast the elevation is greater, and behind the city 
proper there is a range of porphyritic hills dotted with 
villas. Most of the houses are of wood, those of the 
main thoroughfare—Market Street—of brick. The 


class in New Eneland. It contains the free public 
library, founded in 1862, and numbering 29,126 vol- 
umes in 1880. It was at Lynn that the first smelting- 


works in this part of the country were established, in | 


1643; but the place has long been famous rather for 
the making of boots and shoes, a department, indeed, 
in which it has hardly a rival in the world. This trade 


was introduced in 1750 by a Welshman, John Adam. 


Dagyr; in 1767 the output was 80,000 pairs; in 1810, 
1,000,000 pairs; in 1865, 5,360,000; in 1868 upwards 
of 10,000,000; and in 1880, 16,276,380,—the greater 
proportion being cheap shoes for women and children. 


labor-saving machinery is freely introduced. Another 
industry of great local importance is the tanning and 
dressing of sheep and goat skins, and the making of 
morocco leather. The population was 6138 in 1830; 
14,257 in 1850, 28,233 in 1870, and 38,274 in 1880. 
The foundation of the town belongs to 1629; and the 
name was given in memory of Lynn Regisin England, the 
home of its first pastor. It obtained incorporation as a city 
in 1850; Swampscott and Nahant, which it then included, 
were rendered independent in 1852 and 1853 respectively. 


LYNN REGIS, Kine’s Lynn, or Lynn, a parlia- 
mentary and municipal borough and seaport of Nor- 
folk, England, is situated on the Great Ouse, about 2 
miles from the Wash, and on several railway lines, 100 
miles north of London and 48 west-northwest of Nor- 
wich. On the land side the town was formerly defended 
by a fosse, and there are considerable remains of the 
old wall, including a handsome Gothic structure, known 
as the ‘‘ South Gates.’’ The streets are generally nar- 
row and winding; some of the dwelling-houses are 
very ancient. The public walks form a fine promenade, 
and in the centre of them stands a quaint octagonal 
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| erning charter from Henry VILLI. 
é : = ; | I. it has returned two members to parliament. 
city hall, a substantial erection of brick and brown | :) 


stone, is considered one of the finest buildings of its | 
| forming a small section of the cats or genus Felis. 
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chapel called the Red Mount, at one time much fre- 
quented by pilgrims. The church of St. Margaret’s, 
formerly the priory church, is a fine Gothic building 
with two towers at the west end, one of which was 
formerly surmounted by a spire blown down in 1741. 
St. Nicholas chapel, at the north end of the town, is 
also of medizeval date, and contains many interesting 
memorials of the past. All Saints church is a beauti- 
ful and ancient cruciform structure. At the grammar 
school, founded in the reign of Henry VIII., Eugene 
Aram was at one time usher. ‘here are also national 
schools, a British school, and several charities. Among 


the other public buildings are the guildhall, with Re- - 


naissance porch, the corn exchange, the custom-house, 
and the athenzum. ‘The shipping trade is steadily 
progressing, and there is now regular steam communi- 
cation with Hamburg. The principal exports are corn, 
wool, and oil-cake, and the principal imports, coal, tim- 
ber, linseed, and manufactured goods. The total value 
of the exports in 1880 was £1,152,456, the average for 
the four years 1876-79 being £967,958, and for four 
years 1872-75, £519,479. The value of the exports in 
1880 was £366,649, the average value for 1876-79 being 
£251,491, and for 1872-75, £140,974. The Alexandra 
dock, opened in 1869, has a water area of 6? acres, with 
an average depth of 31 feet. The fisheries of the 
town are important, and there are also breweries, 
corn-mills, iron and brass foundries, agricultural imple- 
ment manufactories, shipbuilding yards, rope and sail 
works, and tobacco manufactories. The population of 
the borough in 1871 was 16,562, and in 1881 it was 
18,475. 

Lynn is supposed to have been a British town, and was 
known as a port before the Norman invasion, after which 
it became the possession of the bishops of Norwich, and 
was known as Lynn Episcopi. After the suppression of 
the monasteries it came into the hands of Henry VIIL., 


| . . . 
and its name was changed to Lynn Regis or King’s Lynn. 
| The town was taken by the parliamentary forees in 1643. 


It received its charter from King John, but its first gov- 
Since the 23d of Edward 


LYNX, a name now appropriated to several sega 

t 
is not quite certain to which of these, if to any of them, 
the Greek name 267 was especially applied, though it 
was more probably the caracal than any of the northern 
species. ‘The so-called lynxes of Bacchus were gener- 
ally represented as resembling panthers rather than 
any of the species now known by the name. Various 
fabulous properties were attributed to the animal, 
whatever it was, by the ancients, that of extraordinary 
powers of vision, including ability to see through opaque 
substances, being one; whence the epithet ‘‘lynx- 


|eyed,’’ which has survived to the present day, although 
About twelve thousand hands are employed, though | 


having no foundation in fact. 

There are two forms of cats which are now called 
lynxes. 

1. The caracal or Persian lynx, Felis caracal, an 
animal about the size of a fox, is of slender build, with 
a moderately long tail, reaching down to the heels. It 
is of a uniform vinous or bright fulvous brown eolor 
above, and is paler, sometimes almost white, beneath. 
It is quite or almost entirely unspotted. The tail has 
a black tip, and the ears are black externally, long and 
upright, pointed, and surmounted by a pencil of fine 
black hairs. It inhabits Central and Northwest India, 
Persia, Arabia, Syria, and the greater part of Africa. 

2. The name lynx is given to various species or 
varieties of animals found in the northern and temperate 
regions of both the Old and New World, all of moderate 
size, that is, smaller than the lions, tigers, and leopards, 
and larger than the true cats, with long limbs, short 
stumpy tail, ears tufted at the tip, and pupil of the eye 
linear when contracted. Their furis generally long and 
soft, varying, however, according to season and locality, 
and always longish upon the cheeks. Their color is 
always light brown or gray, and generally more or less 
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spotted with a darker shade. The naked pads of the 
feet are more or less covered by the hair that grows 
between them. The skull and skeleton does not differ 
markedly from those of the other cats, but the small 
anterior upper premolar tooth found in many other 
species is usually wanting. ‘Their habits are exactly 
those of the other wild cats; they are excelled by none 
in the untameable savageness of their disposition. 
They capture their prey in the same manner, either 
lying in wait, or noiselessly stealing within reach, and 
then making a sudden rush or spring upon it. Their 
fuod consists of any mammals or birds which they can 
overpower. In inhabited countries they commit. ex- 
tensive ravages upon sheep, lambs, and poultry. They 
generally frequent rocky places and forests, being active 
Climbers, and passing much of their time among the 
branches of the trees. ‘Their skins are of considerable 
commercial value in the fur trade. : 

Zoologists are by no means agreed at present as to 
the specific distinctions, if any really exist, between 
the various modifications of this group. As many as 
eight species are sometimes recognized, four belonging 
to the Old and four to the New World. The former 
are Felis lyna, of Scandinavia, Russia, northern Asia, 
and till lately the forest regions of central Hurope (it 
has not inhabited Britain during the historic period, 
but its remains have been found in cave deposits of 
Pleistocene age); /. cervaria, Siberia; /. pardina, 
Turkey, Greece, Sicily, Sardinia, and Spain; &. ts«bel- 
lina, Tibet. The American varieties are 1” canadensis, 
the most northern species, and /. rufa, the American 


\ ( 
aE WA KG, 
Gi “aX WA 

is 


European Lynx. From a Drawing by Wolf in Elliot’s 
Monograph of the Kelidex. 


wild cat or bay lynx, extensively distributed from the 
Atlantic to the Pacifie throughout nearly the whole 
latitude of the United States, but replaced in Texas 
and southern California by J/° maculata, and in 
northern Oregon and Washington territory by F. 
Susciata. 

In both cases, as might be supposed, specimens ob- 
tained from the more southern climates are shorter in 
their fur, more brightly colored, and more distinctly 

“spotted than those from colder regions. When only a 
few individuals of each most markedly different form 
are examined the distinctions are sufficiently evident. 
The occurrence, however, of transitional or intermediate 
forms makes it extremely difficult to draw the line be- 
tween the different varieties or species, or to assign 
definite characters by which they can be separated. 
Wherefore it is best at present to accept the so-called 
species as only provisional, and wait until more abund- 
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‘ant materials, with fuller knowledge of the localities 
‘from which they are derived, and of the variations due 
to age, sex, season. and climate, have been more care- 
fully studied. We shall then probably come to the 
conclusion that all the existing forms of northern 
lynxes, whether American or Hurasian, belong to what 
may fairly be called a species, which is becoming by 
| degrees differentiated into several more or less strongly 
marked local varieties. (W.H. F.) 

LYONS (French, Zyon), in political, commercial, 
| industrial, and military importance, as well as in point 
of size, the second city of France, formerly the capital 
of Lyonnais, and now the chief town of the depart- 
ment of Rhone, seat of a court of appeal and of a 
military government, and a fortified place, is situated 
at the confluence of the Rhone and the Sadne, in 45? 
46’ \N. lat. and 4° 49’ 19” I. long., at an altitude 
above the sea varying from 540 to rather more than 1000 
feet. The population of the city and liberties in 1876 
was. 342,815. The rivers, both flowing south, are sepa- 
rated by the hill of Croix-Rousse. On the right the 
Sane is bordered by the scarped heights of Fourviéres, 
St. Irénée, and Ste. Foy, leaving room only for the quays 
and one or two narrow streets; this isthe oldest part of 
the city. Where it enters Lyons the Saédne has on its 
right the faubourg of Vaise, and on its left that of 
Serin, whence the ascent is made to the top of the hill 
of Croix-Rousse. The river next takes a semicircular 
sweep around the hill of Fourviéres (410 feet above 
it), which is fully occupied by convents, hospitals, and 
seminaries, and has at its summit the famous church, 
the resort of 1,500,000 pilgrims annually. From this 

oint the best view of the entire city is obtained. 
First the busy Saéne is seen with its thirteen bridges 
and animated quays. Next on the peninsula between 
the two rivers at the foot of the hill of Croix-Rousse, 
come the principal quarters of the town; the Terreaux, 
containing the hdétel de ville, the prefecture, and the 
chief commercial establishments; Bellecour with its 
large opensquare, one of the finest in Kurope; and the 
aristocratic Quartier de Perrache. The Rhone and 
Sadéne formerly met here, till, a hundred years ago, 
the sculptor Perrache reclaimed from the rivers the 
quarter which bears his name; on the peninsula thus 
formed stands the principal railway station. Here 
too are the docks of the Sadne, factories, the arsenal, 
gas-works, prisons, and the slaughter-house. 

The Rhone, less confined than the Saéne, flows 
swiftly in a wide channel, broken when the water is 
low in spring by pebbly islets. On the right hand it 
skirts first St. Clair, sloping upwards to Croix-Rousse, 
and then the districts of Terreaux, Bellecour, and Per- 
rache; on the left it has a low-lying plain, subject to 
disastrous inundations, occupied by the Pare de la 
Téte d’Or and the quarters of Brotteaux and Guillo- 
tiére. The park, defended by the Grand Camp 
embankment, comprises 282 acres, and contains a 
zoological collection, botanical and pharmaceutical 
gardens, and the finest greenhouses in France, with 
unique collections of orchids, palm-trees, and Cycada- 
cee. Brotteaux is a modern town with boulevards 
and regular streets, and in this direction Lyons is ex- 
tending every year. In the old districts there is no 
room for growth; they are crowded with old buildings 
of eight or ten stories, or even more, and it has been the 
task of the last thirty years to open them up by means 
of thoroughfares. Guillotiére, to the south, is a work- 
men’s quarter of wretched houses. 

The Rhone is lined with broad quays, and crossed 
by ten fine bridges, two of them for railway traffic. 
On the right bank stand the Lycée and the public 
library, the Hétel Dieu, the military hospital, and the 
Hospice de la Charité; on the left bank is the long 
range occupied by the medical faculty. In the east of 
Guillotiére the Geneva railway skirts the artillery bar- 
racks. 

Northward from Fourviéres appear the green slopes 
of Mont d’Or, descending towards the Saéne by pleas- 
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ant glades sprinkled with villas; to the east, beyond 
the somewhat monotonous plain, stretch the mountains 
of Savoy and Dauphiné; to the south, below the con- 
fluence of the Rhone and the Sadne, the river traverses 
a rich landscape to pass out of sight at the foot of 
Mont Pilat; and to the west the horizon is bounded 


by the Forez hills. 


Since 1852 the communes of Croix-Rousse and Guil- 
lotiére have been united with Lyons. 


The Rhone and 
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the old fortifications, which, on the right bank of the 
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Sadne, stretched in an unbroken line from the rock of 
Pierre Scize below Vaise to the bridge of Ainay, con- 
tinued by those now replaced by the Croix-Rousse 
boulevard, marked the boundaries of the ancient city. 
The line of Croix-Rousse has now been thrown forward 
to the north, and further strengthened by Forts Ca- 
On the left bank of the Rhone 
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modern city. 
(so called from the ‘‘terreaux’’ now occupying the 
place of the canal which formerly connected the 
Rhone and the Saéne) is formed by the Hétel de 
Ville, which, however, turns a better front in the 
opposite direction towards the theatre; the south 
is occupied by the Palais St. Pierre (formerly a 
convent), which gives accommodation to the faculties 


Part-Dieu, Villeurbanne, Lamotte, Colombier, and 
Vitriolerie. On the right bank of the Saéne Forts Ste. 
Foy, St. Inénée, Loyasse, Vaise, and Duchére com- 
leted the defensive system of Lyons previous to 1870 ; 
bal since that date the dominant points of the neigh- 
borhood have begun to be crowned with batteries and 
redoubts; but only Forts Brou and Feyzin on the left 
bank of the Rhone, St. Genis on the right bank, Mont 
Verdun on Mont d’Or, and Veneia are finished. 
Of the ancient buildings in Lyons, Fourviéres is the. 


one which attracts most visitors. It derives its 
name from the ancient foram (Morn, vetus), 
whose site it occupies. The first chapel, dedi-. 
cated to the Virgin, was erected in the end of 
the 9th century. Consecrated afterwards by St. 
Thomas of Canterbury, and then made a colle- 
giate church, Notre Dame de Fourviéres was 
created superior of twenty-five villages by Louis 
XI., on oceasion of his visit in 1476. Laid waste 
by the Protestants, plundered at the Revolution, 
it began to be visited again in 1804, and in 1805 
Pope Pius VII., returning from the coronation 


‘of Napoleon, ascended thither to give his bene- 


diction to the city—a ceremony renewed from 
year to year with great pomp. The church tower, 
172 feet high, is surmounted by a statue of the 
Virgin in gilded bronze, 18 feet high, turned to- 
wards the town; on the pedestal are bronze ~ 
plates with inscriptions assigning to the Virgin 
the eredit of ending the plague of 1643, and of 
preserving the town during the cholera epidemics 
of 1832, 1835, and 1850. The first stone of a 


«id Magnificent new church was laid in 1872. ‘The 


crypt, 219 feet by 62, is as yet the only portion 
finished. At the foot of Fourviéres, on the 
right bank of the Saéne, lies the metropolitan 
church of St. John (the archbishop of Lyons is 
primate of all Gaul). The choir belongs to the 
early years, the transept to the close of the 12th 
century; the building of the nave, earried on 
during the next three hundred years, was com- 
pleted only in 1480. In one of the two towers 
there is a bell weighing nearly ten tons. To 
the right and left of the altar stand two crosses 
preserved since the council of 1274 as a symbol 
of the union then agreed upon between the 
Greek and Latin Churches. St. Martin d Ainay, 
in the Perrache quarter, is the oldest church in 
Lyons, dating from the beginning of the 6th 
century; the chapels of the apse are adorned 
by paintings by Vlandrin. St. Nizier, in the 
heart of the city, was the first cathedral of 
Lyons; and the crypt in which St. Pothinus 
officiated still exists. The present church is a 
Gothic edifice of the 15th century, with the ex- 
ception of the poreh, constructed by Philibert 
Delorme. In the crypt of the church of St. 
Trenzeus are the tomb of that saint and <a vast 
quantity of bones, alleged to be those of 19,000 
martyrs put to death in the persecution of 
Severus. The Place Bellecour is adorned west 
and east by two monumental fagades originally 
erected after plans by Mansard, but destroyed 
in 1793, and rebuilt under the consulate in a 
somewhat modified style. In the middle stands 
an equestrian statue of Louis XIV. by Lemot. 
The Rue de l’Hétel de Ville, connecting the 
Place Bellecour and the Place des Terreaux 
and the Rue de la, Republique running parallel 
with it are among the finest streets of the 
The east side of the Place des Terreaux 
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of science and literature, and to the school of fine arts, 
the picture gallery, the museums of sculpture, arche- 
oloy, and natural history,: and the art library. In 
the Rue de la Republique, between Place de la Bourse 
and Place des Cordeliers, each of which contains one 
of its highly ornamented fronts, stands the building 
occupied by the exchange and the commercial court. 
The former has its offices on the ground floor round 
the central glass-roofed hall; besides the court, the 
upper stories accommodate the council of prud’ hom- 
mes, the chamber of commerce, and the industrial 
museum. The Palais de Justice, a fine building with 
a Corinthian colonnade, on the right bank of the 
Sadne, occupies the site of the palace of the counts of 
‘Forez. A statue of Jacquard the inventor, stands in 
Place Sathonay, and one of Marshal Suchet in Place 
Tholozan. 

The Academy of Lyons has the five faculties of 
Catholic theology, science, literature, medicine and 
pharmacy, and law, with two lyceums, and a number 
of schools; and the Catholic institute has three facul- 
ties—law, science, and theology. The school of fine 
arts was founded in the 18th century to train compe- 
tent designers for the textile manufactures, but has 
also done much for painting and sculpture. The veteri- 
nary school of Lyons, instituted in 1761, was the first 
of its kindin Hurope; its laboratory for the study, of 
comparative physiology is admirably equipped. I’ Ecole 
la Martiniére (founded by the legacy of Claude Mar- 
tin) furnishes gratuitous teaching of the sciences and 
industrial arts. The school of commerce and the Lyons 
central school complete the list of institutions for in- 
dustrial education. Besides the Académie des Sciences, 
Belles Lettres, et Arts (founded in 1700) Lyons pos- 
sesses societies of agriculture, natural history, useful 
arts and sciences, geography, and horticulture. 

The Hotel Dieu, instituted in the beginning of the 
6th century by King Childebert, is still one of the 
chief. establishments of its kind in the city, and con- 
tains 929 beds. Its facade, fronting the Quai du 
Rhone for 1060 feet, was commenced according to the 
designs of Souftlot, architect of the Pantheon at Paris. 
The Hospice de la Charité and the military hospital 
are a little larger than the Hétel Dieu. The Hospice 
de |’ Antiquaille, at Fourviéres (2000 beds) occupies 
the site of the ancient palace of the preetorian prefects, 
in which Germanicus, Claudius, and Caracalla were 
born. Lyons has many other benevolent institutions, 
and is also the centre of the operations of the Propa- 
gation de la Foi. 

The museum is one of the best provincial collections 
in France, alike in its ancient, medizeval, and modern 
departments. Among the Gallo-Roman inscriptions, 
in which it is particularly rich, are the bronze tables 
discovered at Lyons in 1528, which contain the speech 
of the emperor Claudius in regard to the admission of 
the citizens of Gallia Comata into the Roman senate. 


The numismatic collection (80,000 pieces) includes a | 


series of the coins struck at Lyons from 43 B.C. to 
1857. ‘There is a special gallery of works of Lyonese 
painters; and the Bernard collection of about 300 pic- 
tures is kept entire. | 
The museum of natural history (for which a new 
building is to be erected in the Pare de la Téte d’Or) 
contains a zoological department ranking next to that 
of Paris, and mineralogical, geological, and anthropo- 
logical sections—the last enriched with specimens from 
the classic site of Solutré (Sadne and: Loire). The 
museum of art and industries, founded in 1864 by the 
chamber of commerce, is divided into three sections, 
the first intended to illustrate the various conceptions 
of the beautiful formed by different peoples, the second 
to show the whole method of the textile industry, and 
the third to give an historical’ conspectus of woven 
textures. The Guimet Museum, in a special building 
in the Tété d’Or, consists of . objects brought from the 
extreme Hast (mainly by M. Emile Guimet) and_ de- 
signed to facilitate the comparative study of religions, 
Vou. XV.—690 
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especially those of the Hastern world. Since 1880 the 
institution has published its Annales, consisting of 
original essays or translations of foreign works. 

The library of the school of arts contains 65,000 
volumes and 22,000 engravings, and the town library 
108,000 volumes and 1300 manuscripis,—about 600 of 
the printed works being incunabula, and 25 of the 
MSS. belonging to the Carlovingian period. In the 
latter institution is the great terrestrial globe made at 
Lyons in 1701, indicating the great African lakes, the 
rediscovery of which has been one of the events of the 
present century. 

Under the Romans Lyons was admirably provided 
with water. Three ancient aqueducts on the Four- . 
viéres level, from Montroman, Mont d’Or, and Mont 
Pilat, can still be traced; and the last was no less than 
52 miles long, and capable of supplying 11,000,000 
gallons per day. Magnificent remains of this work 
may be seen at St. Irénée and Chaponost. Traces also 
exist along the Rhone of a subterranean canal convey- 
ing the water of the riverto a naumachia. At present 
the water supply of Lyons is obtained from the Rhone 
by powerful hydraulic engines situated above the town, 
which raise the water to the Montessuy and the Four- 
viéres plateaus, 456 feet above the low level of the 
river. ‘The reservoirs are capable of supplying 1,765,- 
829 cubic feet of water per day. 

Agrippa made Lyons the starting-point of the prin- 
cipal Roman roads throughout Gaul; and it still re- 
mains an important centre in the general system of 
communication. The Sadne above the town and the 
Rhone below have large barge and steamboat. traffic; 
and the latter river above the town may be used by 
steamboats during summer as far as Aix in Savoy. 
Navigation, however, is often interrupted, even below 
the town, by the lowness of the water, and a canal is 
projected to remedy this defect. The current of the 
Sadne is less rapid than that of the Rhone, and is con- 
trolled by weirs. 

The railway from Paris to Marseilles has two stations 
(Vaise and Perrache) in Lyons; and the line from 
Lyons to Geneva two (Brotteaux and St. Clair), The 
Montbrison line starts from St. Paul, on the right of 
the Sadne. The terminus of Part-Dieu for the newly- 
opened Hast of Lyons line is between Perrache and 
Brotteaux. Within the town there are two rope rail- 
ways,—the first mounting to Fourviéres, and the 
second, popularly called the jicelle, from Rue Terme 
to Croix-Rousse. 

Tn a city of such importance as Lyons the number 
'of industries is naturally large, but by far the most 
extensive of them allis the silk manufacture. Derived 
| from Italy, this industry rapidly developed under the 
spatronage of Francis I.- Henry LL, and Henry IV.; 
and from time to time new kinds of fabrics were in- 
vented—silk stuffs woofed with wool or with gold and 
silver threads, shawls, watered silks, poplins, velvets, 
satinades, moires, etc. Inthe beginning of the present 
century Jacquard introduced his famous loom by which 
a single workman was enabled to produce elaborate 
fabrics as easily as the plainest web, and by changing 
the ‘‘cartoons’’ to make the most different textures 
on the same looms. In the 17th century the silk man- 
ufacture employed at Lyons 9000 to 12,000 looms. 
After the revocation of the edict of Nantes the number 
sank to 3000 or 4000; but after the Reign of Terror 
was past it rose again about 1801 to 12,000. At present 
there are about 70,000 in operation when no great 
commercial erisis comes to diminish production, giving 
employment to about 140,000 weavers. There are also 
a large number of persons engaged in the silk-worm 
hatcheries established in France. The workmen live 
for the most part in the Croix-Rousse quarter, but 
many of them inhabit the outskirts. The mean annual 
value of the silk goods manufactured is estimated at 
375,000,000 franes (£15,000,000),—250,000,000 repre- 
senting the value of the raw material and 125,000,000 
the value of the labor. Including the purchase of raw 
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materials and the sale of the manufactured goods, the 
silk trade gives a total turnover of 1000 million franes 
(£40,000,000). A special office (known as La Condi- 
tion des Soves) determines the weight and nature of 
the silk. Extensive dye-works, chemical works, brew- 
eries, pork factories, engineering works, printing es- 
tablishments, and hat factories represent the secondary 
industries of the place. A large trade is carried on in 
chestnuts brought from the neighboring departments, 
and known as marrons de Lyon. 


The earliest Gallic occupants of the territory at the con- 
fluence of the Rhone and the Sadne were the Segusians. 
In 590 B.c., some Greek refugees from the banks of the 
Hérault, having obtained permission of the natives to es 
tablish themselves beside the Croix-Rousse, called their 
new town by the Gallic name Lugdunum; and in 43 B.c. 
Munatius Plancus brought a Roman colony to Fourviéres 
from Vienne. This settlement soon acquired importance, 
and was made by Agrippa the starting point of four great 
roads. Augustus, besides building aqueducts, temples, 
and a theatre, gave it a senate and made it the seat of 
an annual assembly of deputies from the sixty cities of 
Gallia Comata. Under the emperors the colony of Forum 
Vetus and the municipium of Lugdunum were united, 
receiving the jus senutus. The town was burnt by 
Nero in 59 a.p., and afterwards rebuilt by him in a 
much finer style; it was also adorned by Trajan, Adrian, 
and Antoninus. The martyrdom of Pothinus and Blan- 
dina occurred under Marcus Aurelius (177 A.D.), and in 197 
a still more savage persecution of the Christians took place 
under Septimius Severus, in which Irenzeus, according to 
some authors, perished. After having been ravaged by the 
barbarians and abandoned by the empire, Lyons in 478 
became capital of the kingdom of the Burgundians. It 
afterwards fell into the hands of the Franks, and suffered 
severely from the Saracens, but revived under Charle- 
magne, and after the death of Charles the Bald was made 
the capital of the kingdom of Provence, From 1024 it was 
a fief of the emperor of Germany. Subsequently the super- 
iority over the town was a subject of dispute between the 
archbishops of Lyons and the counts of Forez; but the 
royal supremacy was finally established under Louis IX. 
and Philip the Handsome. The citizens were constituted 
into a commune ruled by freely elected consuls (1320). 
In the 13th century two ecclesiastical councils were held 
at Lyons—one in 1245, presided over by Innocent IV., at 
which the emperor Frederick II. was deposed; the second, 
the ecumenical, under the presidency of Gregory X., in 
1274, at which five hundred bishops met. Pope Clement V. 
was crowned here in 1305, and his successor John XXII. 
elected in 1316. The Protestants obtained possession of 
the place in 1562; their acts of violence were fiercely 
avenged in 1572 after the St. Bartholomew massacre. 
Under Henry IIL. Lyons sided with the League; but it 
pronounced in favor of Henry IV. In 1793 it rose against 
the Convention, but was compelled to yield to the army 
of the Republic after enduring a siege of seven weeks 
(October 10). Terrible chastisement ensued: the name 
of Lyons was changed to that of Ville-affranchie; the 
demolition of its buildings was set about on a wholesale 
scale; and vast numbers of the proscribed, whom the 
scaffold had spared, were butchered with grape shot. The 
town resumed its old name after the fall of Robespierre, 
and the terrorists in their turn were drowned in large 
numbers in the Rhone. Napoleon rebuilt the Place Belle- 
cour, reopened the churches, and made the bridge of Til- 
sitt over the Sadne between Bellecour and the cathedral. 
In 1814-15 Lyons was occupied by the Austrians, under the 
government of Louis Philippe, and in 1870-1 there were seve- 
ral bloody émeutes ; in 1856 a disastrous flood laid waste the 
Brotteaux and rendered 20,000 persons homeless. An inter- 
national exhibition was held here in 1872. Among the 
many distinguished natives of Lyons may be mentioned 
Germanicus and the emperors Claudius, Marcus Aurelius, 
and Caracalla: Ampére the physicist: Richerand, Ré- 
camier, and Bonnet: De Jussieu the naturalist, J. B. 
Say the economist, Baréme the mathematician, Suchet the 
marshal, Roland the Girondin, and Jacquard the inventor. 

(G. ME.) 


LYONS, Epmunp Lyons, Lorp (1790-1858), 
British admiral, was descended from a family connected 
with Antigua, and previously with Cork, and was 
born at Burton near Christchurch, Hampshire, 21st 
November, 1790. He entered the navy at an early age, 
and served in the Mediterranean, and afterwards in 
the Hast Indies, where in 1810 he won promotion 
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He became post-captain in 
1814, and in 1828 commanded the ‘ Blonde” frigate 
at the blockade of Navarino. He took part with the 
French in the capture of the castle of Morea, receiv- 
ing for his conduct the orders of St. Louis of France 
and of the Redeemer of Greece. Shortly before his 
ship was paid off in 1835 he was knighted. From 
1840 till the outbreak of hostilities with Russia 
Lyons was employed on the diplomatic service, bein 
minister plenipotentiary to the court of Greece unti 
1849, then until 1851 ambassador to the Swiss cantons, 
whence he was transferred to a similar position at 
Stockholm. On the outbreak of the war with Russia 
he was appointed second in command of the British 
fleet in the Black Sea under Admiral Dundas, whom 
he succeeded in the chief command in 1854. As 
admiral of the inshore squadron he had the direction 
of the landing of the troops in the Crimea, which he 
conducted with marvellous energy and despatch. Ac- 
cording to Kinglake, Lyons shared the “intimate 
counsels ’’ of Lord Raglan in regard to the most mo- 
mentous questions of the war, and throughout the 
Crimean campaign he toiled, with a “ painful con- 
suming passion,’’ to guard against disaster, to clear 
away overpowering difficulties and obstacles, and to 
win the final purpose of the expedition. His actual 
achievements in battle were principally two—the | 
support he rendered with his guns to the French at 
the Alma in attacking the left flank of the Russians, 
and the bold and brilliant part he took with his ship 
the ‘‘Agamemnon’”’ in the first bombardment of the 
forts of Sebastopol; but his constant vigilance, his 
multifarious activity, and his suggestions and counsels 
were much more advantageous to the allied cause than 
his specific exploits. In 1855 he was created vice-ad- 
Pa and at the conclusion of the war he was, in June, 
1856, raised to the peerage with the title of Lord 
Lyons of Christchurch. He died November 23, 1858. 

LYRA, Niconaus DE (ce. 1270-1340), a well-known 
medizval commentator, was a native of Lyre, near 
Evreux, Normandy, and was born most probably about 
1270; at least he was still young when in 1291 he en- 
tered the Franciscan order at Verneuil. He afterwards 
studied at Paris, and became doctor of theology and a 
successful teacher there. In 1325 he became provin- 
cial of his order for Burgundy; and on October 23, 
1340, he died at Paris. 

Lyra (Lyranus) was the author of a controversial treatise 
against the Jews, entitled De Messia, ejusque adventu pre- 
terito, and of a Tractatus de idoneorministrante et suscipiente 
sancti altaris sacramentum, but by far his most important 
work is the Postillz perpetuz, sive brevia commentaria in uni- 
versa Biblia, first printed at Rome (5 vols. fol., 1471-72), and 
often subsequently. It may be said to mark the first be- 
ginnings of a school of natural exegesis; for, though recog- 
nizing the old doctrine of a fourfold sense— 


by distinguished bravery. 


“Litera gesta docet, quid credas allegoria, 

Moralis quid agas, quo tendas anagogia””"— . 
Lyra explicitly maintained and sought to give effect to 
the principle that the foundation of every mystical exposi- 
tion must first be firmly laid by ascertaining the literal 
meaning. His qualities as an interpreter of Scripture in- 
cluded, besides comparative freedom from dogmatic prepos- 
session, a good knowledge of Hebrew and a fair acquaint- 
ance with Greek. Luther was acquainted with his com- 
mentaries, and it is through the influence of Rashi upon 
Lyra that so many traces of the exegesis of that rabbi are 
found in Luther’s writings ; hence the oft-quoted saying, 
“Si Lyra non lyrasset, Lutherus non saltasset.”’? See vol. 
xi. p. 536. 

LYRE. Of all musical instruments the lyre has 
been the most associated with poetry, the recitations 
of Greeks having been accompanied by it. Yet 
the lyre was not of Greek origin; no root in the 
language has been discovered for Avpa, although the 
special names bestowed upon varieties of the instru- 
ment are Hellenic. We have to seek in Asia the 
birthplace of the genus, and to infer its introduction 
into Greece through Thrace or Lydia. The historic 
heroes and improvers of the lyre were of the Atolian 
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or Ionian colonies, or the adjacent coast bordering on 
the Lydian empire, while the mythic masters, Orpheus, 
Museeus, and Thamyris, were Thracians. Notwith- 
standing the Hermes tradition of the invention of the 
lyre in Keypt, the Egyptians seem to have adopted it 
themselves from Assyria or Babylonia. 
_ To define the lyre, it is necessary clearly to separate 
it from the allied harp and guitar, both, as far as we 
have record, instruments of as great antiquity. In its 
primal form the lyre differs from the harp, of which 
the earliest, simplest notion is found in the bow and 
bow-string ; while the guitar (and lute) can be traced 
' back to the typical ‘‘nefer’’ of the fourth Egyptian 
dynasty, the fretted finger-board of which, permitting 
the production of different notes by the shortening of 
the string, is as different in conception from the lyre 
and harp as the flute with holes to shorten the column 
of air is from the syrinx or Pandean pipes. The frame 
of a lyre consists of a hollow body or sound-chest 
(jxetov). From this sound-chest are raised two arms 
(wpxerc), which are sometimes hollow, and are bent 
both outward and forward. They are bound near the 
top by a crossbar or yoke (fvyév, Ciyaua, or, from its 
having once been a reed, xé4auoc), Another crossbar 
(udyac, brodbprov), fixed on the sound-chest, forms the 
ridge which transmits the vibrations of the strings. 
The deepest note was the farthest from the player; 
but, as the strings did not differ much in length, more 
weight may have been gained for the deeper notes by 
thicker strings, as in the violin and similar modern 
instruments, or they were tuned with slacker tension. 
The strings were never of wire, the drawing of which 
was unknown to the nations of antiquity, but of gut 
(0p64, whence chord). They were stretched between 
the yoke and bridge, or to a tailpiece below the bridge. 
There were two ways of tuning: one was to fasten the 
strings to pegs which might be turned («éAAaBoz, K6A2A0- 
mec); the other was to change the place of the string upon 
the crossbar; probably both expedients were simulta- 
neously employed. It is doubtful whether 7 yopdordvoc¢ 
meant the tuning key or the part of the instrument 
where the pegs were inserted. The extensions of the 
arms above the yoke were known as «épara, horns. 
The number of strings varied at different epochs, and 
ossibly in different localities,—four, seven, and ten 
aying been favorite numbers. They were, as already 
said, used without a finger-board, no Greek description 


or representation haying ever been met with that can. 
Nor was a bow pos- | 


be construed as referring to one. 
sible, the flat sounding-board being an insuperable 
impediment. The plectrum, however (xAj«rpov), was 
in constant use at all times. It was held in the right 
hand to set the upper strings in vibration («péxevv, 
Kpotey TH TAHKTpY); at other times it hung from the 
lyre by a ribbon. The fingers of the left hand touched 
the lower strings (paAdevv). 

With Greek authors the lyre has several distinct 
names; but we are unable to connect these with any- 
thing like certainty to the varieties 
of the instrument. | Chelys (xéAve, 
‘‘tortoise’’) may mean the small- 
est lyre, which, borne by one arm 
or supported by the knees, offered 
in the sound-chest a decided re- 
semblance to that familiar animal. 
That there was a difference be- 
tween lyre and cithara («apa) is 
certain, Plato and other writers 
--separating them. Hermes and 
Apollo had an altar at Olympia in 
common because the former had 
invented the lyre and the latter 
the cithara. Perhapsthe lyre and Fete & 
chelys on the one hand, and the eum, where also are 
cithara and phorminx onthe other, fragments of such an 
were similar or nearly identical. istrument, the Dack 
Apollo is said to have carried a 
golden phorminx. But lyre has always been accepted 
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as the generic name of the family, and understood to 
include all 


= varieties. 
The large 
lyre was 


supported 
by a strong 
ribbon slung 
over the 
player’s 
shoulder, 
passing 
through 
holes __be- 
neath the 
yoke in the 
arms of the 
instrument, 
and caught 
by the play- 
er’s left 
hand, the 
ends hang- 
rater Bast | ES 
sash-like 
fashion. 
This cithara, 
it or, may be 
phorminx 
(dépucyé, ‘‘ portable lyre’’), is frequently, by the vase 
painters, delineated as so held,—the plectrum, attached 
by another ribbon, being represented, when not in use, 
as pendent, or as interlaced between the strings. 
Passing by the story of the discovery of the lyre froma 


Fic. 2.—Cithara or Phorminx, from a vase in 
the British Museum. Best period of Greek 
art. 


| vibrating tortoise-shell by Hermes, we will glance at the 


real lyres of Egypt and Semitic Asia. ‘The Kgyptian 
lyre is unmistakably Semitic. The oldest representa- 
tion that has been discovered is in one of the tombs of 
| Beni Hassan, the date of the painting being in the 
12th dynasty, that is, shortly before the invasion of 
the shepherd kings. In this painting, which both 
Rosellini and Lepsius have reproduced, an undoubted 
Semite carries a seven or eight stringed lyre of fan- 
shaped form. The instrument has a four-cornered 
body and an irregular four-cornered frame above it, 
and the player carries it horizontally from his breast, 
just as a modern Nubian would his kissar. He plays 
as he walks, using both hands, a plectrum being in 
the right. This ancient lyre, dating 2000 B.c., exists 
to this day in a remarkable specimen preserved in the 
Berlin Museum (fig. 3), and is found again in form as 
well as in manner of holding in the Assyrian lyre 
of Khorsa- 
bad. Dur- 
ing the rule 
of the shep- 
herds the 
lyre became 
naturalized 
in Kgypt, 
and in the 
18th dynas- 
ty itis fre- 
quently de- 
picted, and 
with finer 
grace of 
form. In 
the 19th 
and 20th 
dynasties 
the lyre is 
sometimes still more slender, or is quite unsym- 
metrical and very strong, the horns surmounted 
| by heads of animals asin the Berlin one, which has 
horses’ heads at those extremities. Prokesch copied 
one in the ruins of Wadi Halfa, splendid in blue and 


/o}} 
° 


FIG. 3.—Egyptian Lyre now at Berlin, Drawn by 
permission of Director-General Schéne, 


| gold, with a serpent wound round it. The Egyptians 
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always strung their lyres fan-shaped, like the modern 
Nubian kissar. Their paintings show three to eight 
or nine strings, but the painters’ accuracy may not be 
unimpeachable; the Berlin instrument had _ fifteen. 
The three-stringed lyre typified the three seasons of 
the Egyptian year—the water, the green. and the har- 


_ vest; the seven, the planetary system from the moon 
* to Saturn. 


The Greeks had the same notion of the 
harmony of the spheres. 


There is no evidence as to what the stringing of the 
Greek lyre was in the heroic age. Plutarch says that 
Olympus and Terpander used but three strings to accom- 
pany their recitation. As the four strings led to seven and 
eight by doubling the tetrachord, so the trichord is con- 
nected with the hexachord or six-stringed lyre depicted 
on so many archaic Greek vases. We cannot insist on the 
accuracy of this representation, the vase painters being 
so little mindful of the complete expression of details ; yet 
we may suppose their tendency would be rather to imitate 
than to invent anumber. It was their constant practice to 
represent the strings as being damped by the fingers of the 
left hand of the player, after having been struck by the 
plectrum which he held in the right hand. Before the 
Greek civilization had assumed its historic form, there 
was likely to be great freedom and independence of dif- 
ferent localities in the matter of lyre stringing, which is 
corroborated by the antique use of the chromatic (half- 
tone) and enharmonic (quarter-tone) tunings, pointing to 
an early exuberance, as in language when nations are 
young and isolated, and perhaps also to an Asiatic bias 
towards refinements of intonation, from which came the 
xpéa, the hues of tuning, old Greek modifications of tetra- 
chords entirely disused in the classic period. The common 
scale of Olympus 


remained, a double trichord which had served as the 
scaffolding for the enharmonic varieties. 

We may regard the Olympus scale, however, as consisting 
of two tetrachords, eliding one interval in each, for the tetra- 
chord, or series of four notes, was very early adopted as the 
fundamental principle of Greek music, and its origin in the 
lyre itself appears sure. The basis of the tetrachord is the 
employment of the thumb and first three fingers of the left 
hand to twang as many strings, the little finger not being 
used on account of natural weakness. As a succession of 
three whole tones would form the disagreeable and untuna- 
ble interval of a tritonus, two whole tones and a half-tone 
were tuned, fixing the tetrachord in the consonant inter- 
val of the perfect fourth. This succession of four notes 
being in the grasp of the hand was called ¢»\\aBy, just as 
in language a group of letters incapable of further reduc- 
tion is called syllable. In the combination of two sylables 
or tetrachords the modern diatonic scales resemble the 
Greek so-called disjunct scale, but the Greeks knew nothing 
of our categorical distinctions of major and minor. We 
might call the octave Greek scale minor according to our 
descending minor form, were not the keynote in the mid- 
dle the thumb note of the deeper tetrachord. The upper 
tetrachord, whether starting from the keynote (conjunct) 
or from the note above (disjunct), was of exactly the same 
form as the lower, the position of the semitones being iden- 
tical. The semitone wus a limma (Acipypa), rather less than 
the semitone of our modern equal temperament, the Greeks 
tuning both the whole tones in the tetrachord by the same 
ratio of 8:9, which made the major third a dissonance, or 
rather would have done so had they combined them in 
what we call harmony. In melodious sequence the Greek 
tetrachord is decidedly more agreeable to the ear than the 
corresponding series of our equal temperment. And al- 
though our scales are derived from combined tetrachords, 
in any system of tuning that we employ, be it just, mean- 
tone, or equal, they are less logical than the conjunct or 
disjunct system accepted by the Greeks. But modern 
harmony is not compatible with them, and could not have 
arisen on the Greek melodic lines. 

The conjunct scale of seven notes 
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attributed to Terpander, was long the norm for stringing 
and tuning the lyre. When the disjunct scale, 
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the octave scale attributed to Pythagoras, was admitted, to 
preserve the time-honored seven strings one note had to be 
omitted; it was therefore customary to omit the C, which 
in Greek practice was a dissonance. The Greek names for 
the strings of seven and eight-stringed lyres, the first note 
being highest in pitch and nearest the player, were as 
follows :—Nete, Paranete, Paramese; Mese, Lichanos, Parhy- 
pate ; Hypate ; or Nete, Paranete, Trite, Paramese ; Mese, Lich- 
anos, Parhypate, Hypate,—the last four from Mese to Hypate 
being the finger tetrachord, the others touched with the 
plectrum., The highest string in pitch was called the last, 
vedry ; the. lowest in pitch was called the highest, ixérn, 
because it was,in theory at least, the longest string. The 
keynote and thumb string was pécn7, middle; the next 
lower was Xixavos, the first finger or lick-finger string; 
tpirn, the third, being in the plectrum division, was also 
known as é:efa, sharp, perhaps from the dissonant quality 
which we have referred to as the cause of its omission. 
The plectrum and finger tetrachords together were dtaracay 
through all; in the disjunct scale, an octave. 

In transcribing the Greek notes into our notation, the 
absolute pitch cannot be represented ; the relative positions 
of the semitones are alone determined. We have already 
quoted the scale of Pythagoras, the Dorian or true Greek 
succession :— 


Shifting the semitone one degree upwards in each tetra- 
chord, we have the Phrygian 


ea 
S| 


Another degree gives the Lydian 
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which would be our major scale of E were not the keynote 
A. The namesimply an Asiatic origin. We will not pur- 
sue further the much debated question of Greek scales and 
their derivation; it will suffice here to remark that the 
outside notes of the tetrachords were fixed in their tuning 
as perfect fourths,—the inner strings being, as, stated, in 
diatonic sequence, or when chromatic two half-tones were 
tuned, when enharmonic two quarter-tones, leaving re- 
spectively the wide intervals of a minor and major third, 
and both impure, to complete the tetrachord. (A. J. H.) 


LYRE-BIRD, the name by which one of the most 
remarkable feathered inhabitants of Australia is com- 
monly known, the Menwra superba or M. novee-hol- 
landice of ornithologists. First discovered, January 
24, 1798, on the other side of the river Nepean in New 
South Wales by an exploring party from Paramatta, 
under the leadership of one Wilson, a single example 
was brought into the settlement a few days after, and 
though called by its finders a ‘‘ Pheasant ’’—from its 
long tail—the more learned of the tolony seem to have 
regarded it as a Bird-of-Paradise.' A specimen havin 
reached England in the following year, it was describec 
by General Davies as forming a new genus of birds, in 
a paper read before the Linnzean Society of London, 
November 4, 1800, and subsequently published in that 
Society's Transactions (vi. p. 207, pl. xxii.), no at- 
tempt, however, being made to fix its systematic place. 
Other examples were soon after received, but Latham, 
who considered it a Gallinaceous bird, in 1801, knew 
of only five having arrived. The temporary cessation 
of hostilities in 1802 permitted Vieillot to become ac- 
quainted with this form, though not apparently with 
any published notice of it, and he figured and described 
it in asupplement to his Oiseaux Dorés as a Bird of 
Paradise (ii. pp. 30 sg., pls. 14-16), from drawings by 


Wes ee Account of New South Wales, ii. pp. 87-92 (London, 
2, : 
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Sydenham Edwards, sent him by Parkinson, the 
manager of the Leverian Museum.' 

It would be needless here to enter at any length on 
the various positions which have been assigned to this 
singular form by different systematizers—who had to 
judge merely from its superficial characters. The first 
to describe any portion of its anatomy was Kyton, who 
in 1841 (Ann. Nat. History, vil. pp. 49-53) perceived 
that it was truly a member of the order then called 
Insessores and that it presented some points of affinity 
to the South American genus Pteroptochus ;? but still 
there were many who could not take advantage of this 

_step in the right direction. In 1867 Professor Huxley 
stated that he was disposed to divide his very natural 
assemblage the Coracomorphe. (essentially identical 
with Kyton’s Jnsessores) into two groups, ‘‘one con- 
taining Menwra, and the other all the other genera 
which have yet been examined”’ (Proc. Zool. Noc., 
1867, p. 472)—a still further step in advance.* In 1875 
the present writer put forth the opinion in this work 
(Birps, vol. iii., p. 643) that Menura had an ally in 
another Australian form, Africhia (see ScruB-Birp), 
which he had found to present peculiarities hitherto 
unsuspected, and accordingly regarded them as stand- 
ing by themselves, though each constituting a distinct 
Family. This opinion was partially adopted in the 
following year by Garrod, who (Proc. Zool. Society, 
1876, p. 518) formally placed these two genera together 
in his group of Abnormal Acromyodian Oscines under 
the name of Menurince; but the author sees no reason 
to change his mind, and herein he is corroborated by 
Mr. Sclater, who has recently (Jbis, 1880, p. 345) 
recognized at once the alliance and distinctness of the 
Families Menwridee and Atrichitde, forming of them 
a group which he calls Pseudoscines. 

Since the appearance in 1865 of Gould’s Handbook 
to the Birds of Australia, little if any fresh informa- 
tion has been published concerning the habits of this 
form, and the account therein given must be drawn 
upon for what here follows. Of all birds, says that 
author, the Menura is the most shy and hard to pro- 
cure. He has been among the rocky and thick 
““brushes’’—its usual haunts—hearing its loud and 
liquid call-notes for days together without getting sight 
of one. Those who wish to see it must advance only 
while it is occupied in singing or scratching up the 
earth and leaves; and to watch its actions they must 
keep perfectly still—though where roads have been 
made through the bush it may be more often observed 
and even approached on horseback. The best way of 
procuring an example seems to be by hunting it with 
dogs, when it will spring upon a branch to the height 
of 10 fect and afford an easy shot ere it has time to 
ascend further or escape, as it does by leaps. Another 
method of stealing upon it is said to be practised by 
the natives, and is attained by the hunter fixing on 

-his head the erected tail of a cock-bird, which alone is 
allowed to be seen above the brushwood. The greater 
part of its time is said to be passed upon the ground, 
and seldom are more than a pair to be found in com- 
pany. One of the habits of the cock is to form small 
round hillocks, which, he constantly visits during the 


1 Vieillot called the bird “Le Parkinson”! and hence Bech- 
stein, who seems to have been equally ignorant of what had been 
published in England concerning it, in 1811 (Awrze Uebersicht, 
ete., p. 134), designated it Parkinsonius mirabilis!! Shaw, also, 
prior to 1813, figured it (Nat. Miscellany, xiv. p. 577) under the 
name of Paradisea parkinsoniana. The nume “Menuwralyra, Shaw,” 
was quoted by Lesson in 1831 (Tr. d' Ornithologie, 473), and has 
been repeated by many copyists of synonymy, but the present 
writer cannot find that such a name was ever applied by Shaw. 
~ Vieillot’s principal figure (wt swpra), which has a common origin 
with that given by Collins, has been extensively copied, in spite 
of its inartistic not to say inaccurate drawing. It is decidedly in- 
ferior to that of Davies (ut swpra), the original describer and de- 
lineator, 

2 He pe gnently (Osteol. Aviwm, pp. 97, 98, pl. 8, F and pl. 14) 
described and figured the skeleton. Re 

® Owing to the imperfection of the specimen at his disposal Pro- 
fessor Huxley’s brief description of the bones of the head in 
Menura is not absolutely correct. A full description of them, 
with elaborate figures, is given by Professor Parker in the same 
Society’s Transactions (ix. pp. 306-809, pl. lvi. figs. 1-5.) 
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day, mounting upon them and displaying his tail by 
erecting it over his head, drooping his wings, scratch- 
ing and pecking at the soil, and uttering various cries— 
some his own natural notes, others an imitation of 
those of other animals. The wonderful tail, his most 
characteristic feature, only attains perfection in the 
bird’s third or fourth year, and then not until the 
month of June, remaining until October, when the 
feathers are shed to be renewed the following season. 
The food consists of insects, especially beetles and 
myriapods, as well as snails. he nest is always placed 
near to or on the ground, at the base of a rock or foot 
of a tree, and is closely woven of fine but strong roots 
or other fibres, and lined with feathers, around all 
which is heaped a mass, in shape of an oven, of sticks, 
grass, moss, and leaves, so as to project over and shel- 
ter the interior structure, while an opening in the side 
affords entrance and exit. Only one egg is laid, and 
this of rather large size in proportion to the bird, ofa 
purplish-grey color, suffused and blotched with dark 
purplish-brown.* 

Incubation is believed to begin in July or August, 
and the young is hatched about a month later. It is 
at first covered with white down, and appears to remain 

ANN j for some weeks in the nest. 
How much more is needed 
to be known for a biography 
of this peculiar and beautiful 
creature may be inferred by 
those who are aware of the 
diligence with which the 
habits of the much more 
easily observed birds of the 
northern hemisphere have 
been recorded, and of the 
many interesting points 
which they present. It is 
greatly to be hoped that 
so remarkable a form as the 
Lyre-bird, the nearly sole 
survivor apparently of a 
very ancient race of beings, 
will not be allowed to be- 
come extinct —its almost cer- 
tain fate so far as can be 
judged—without many more 
observations of its manners 
being made and fuller details 
of them placed on record. The zoologists of Australia 
alone can do this, and the zoologists of other countries 
expect that they will. 

Several examples of Menwra have been brought alive 
to Europe, but none have long survived in captivity. 
Indeed a bird of such active habits, and requiring 
doubtless facilities for taking violent exercise, could not 
possibly be kept long in confinement until the method 
of menageries is vastly improved, as doubtless will be 
the case some day, and, we may hope, before the dis- 
appearance from the face of the earth of forms of ver- 
tebrate life most instructive to the zoologist. 

Three species of Menwa have been indicated—the 
old M. superba, the Lyre-bird proper, now known for 
more than eighty years, which inhabits New South 
Wales, the southern part of Queensland, and perhaps 
some parts of the colony of Victoria; JM. victoriw, sepa- 
rated from the former by Gould (Proc. Zool. Soc., 
1862, p. 23), and said to take its place near Melbourne ; 
and M. alberti, first described by C. L. Bonaparte 
(Consp. Avium, 1. p. 215) on Gould’s authority, and, 
though discovered on the Richmond river in New 
South Wales, having apparently a more northern 
range than the other two. All those have the ap- 
parent bulk of a hen Pheasant, but are really much 
smaller, and their general plumage is of a sooty brown, 

4 The nest and egg of Menura alberti, now in the British Mu- 
seum, are figured in Proc. Zool. Society, 1853, Aves, pl. 538. The egg 
of M. victoriz is represented in Journ. fiir Ornithologie, 1856, pl. ii. 


fig. 18, under the name of M. superba, but the real egg of that 
species does not seem to have been figured at all, 
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relieved by rufous on the chin, throat, some of the 
wing-feathers, and the tail-coverts. The wings, con- 
sisting of twenty-one remiges, are rather short and 
rounded; the legs! and feet very strong, with long, 
nearly straight claws. In the immature and female 
the tail is somewhat long, though affording no very 
remarkable character, except the possession of six- 
teen rectrices; but in the fully-plumaged male of 
M. superba and M. victoriw, it is developed in the 
extraordinary fashion that gives the bird its common 
English name. The two exterior feathers (fig. 1, a, 
b,) have the outer web very narrow, the inner very 


YE 
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broad, and they curve at first outwards, then somewhat 
inwards, and near the tip outwards again, bending 
round forwards so as to present a lyre-like form. But 
this is not all; their broad inner web, which is of a 
lively chestnut color, is apparently notched at regular 
intervals by spaces that, according to the angle at 
which they are viewed, seem either black or trans- 
parent; and this effect is, on examination, found to be 
due to the barbs at those spaces being destitute of 
barbules. The middle pair of feathers (fig. 2, a, b) is 
nearly ag abnormal. These have no other outer web, 
and the inner web very narrow; near their base they 
cross each other, and then diverge, bending round for- 
wards near their tip. The remaining twelve feathers 
(fig. 3), except near the base are very thinly furnished 
with barbs, about a quarter of an inch apart, and 
those they possess, on their greater part, though long 
and flowing, bear no barbules, and hence have a hair- 
like appearance. The shafts of all are exceedingly 
strong. Inthe male of JL alberti the tail is not only 
not lyriform, but the exterior rectrices ar eshorter than 
the rest. (A. N.) 
LYSANDER was the leading spirit of Lacedzemo- 
nian policy at the end of the Peloponnesian War. He 
is said by A4lian and Athenzeus to have been of servile 
origin, and by Plutarch to have belonged to a Heraclid 
family. His father was named Aristoclitus or Aristo- 
critus. He first appears in history when sent to com- 
mand the fleet on ‘li Jonian coast in 407 B.c. The 
story of his skilful diplomacy, of his influence with 
Cyrus the younger, of his naval victory at Notium, of 
his quarrel with his successor Callicratidas in 406, of 
his reappointment in 405, of the decisive victory at 
/Kgospotami, and of the capitulation of Athens in 404, 
belongs to the history of Greece. After his return to 
Sparta his pride and vanity became boundless; he was 
celebrated by poets, and even worshipped in some 
places asa god. The restraint of life in Sparta, and 
the enemies whom he had there, were irksome to him, 
aud he soon went to Asia Minor. He had established 
in all the Greek cities associations which maintained 
an oligarchical government, and his power over them 
was so great as to increase the jealousy felt for him at 
home. He was recalled to Sparta, and the machina- 
tions of the Persian satrap Pharnabazus brought him 
into danger. 


1 The metatarsals are very remarkable in form, as already no- 
ticed by Eyton (loc. cit.), and their tendons strongly ossified, 


He had soon after the triumph of being 
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sent with an army to support the oligarchy in Athens; 
but the king (Pausanias) was sent after him with a 
second army, and made terms with the restored Athe- 
nian democracy. When King Agis died in 398, Ly- 
sander worked to secure the succession for Agesilaus, 
but after two years he found that he had helped his 
most dangerous enemy. He began to concert revolu- 
tionary schemes, but had not proceeded to any overt 
act when he was sent with an army into Bootia. He 
did not wait the arrival of Pausanias with an auxiliary 
army, but attacked Haliartus, and was slain in the 
battle, 395 B.c. He was buried on the road from Del- 
phi to Cheeronea, and a monument was erected 
on his tomb. It is to his credit that, after the 
power and opportunities he had enjoyed, he died 
a poor man. 

LYSIAS, whose name follows those of Anti- 
phon and Andocides on the list of the ten Attic 
orators, marks an important stage in the devel- 
opment of Greek literary prose, and is, in his 
own province, one of its most perfect masters. 
He never acquired the Athenian citizenship, but 
most of his years were passed at Athens; and 
his life has the interest of close personal asso- 
ciation with the most critical period in the 
history of the Athenian democracy. 

His extant work belongs to the space from 
403 to 380 B.c., but the date of his 
birth is uncertain. Dionysius of Hali- 
carnassus, and the author of the life 
ascribed to Plutarch, give 459 B.c. This date was evi- 
dently obtained by reckoning back from the foundation 
of Thurii (444 B.c.), since there was a tradition that 
Lysias had gone thither at the age of fifteen. Modern 
critics would place his birth later,—between 444 and 
436 B.c.,—because, in Plato’s Republic, of which the 
scene is laid about 430 B.c., Cephalus, the father of 
Lysias, is among the dramatis persone, and the emi- 
eration of Lysias to Thurii was said to have followed 
his father’s death. The latter statement, however, 
rests only on the Plutarchic life; nor can Plato’s dia- 
logue be safely urged as a minutely accurate authority 
for a biographical detail. We must be content to say 
that, while the modern view avoids some difficulties, 
the higher date assigned by the ancient writers is not 
inconsistent with any ascertained fact, while it agrees 
better with the tradition that Lysias reached, or passed 
the age of eighty. On the other view, all traces of 
his industry, previously unremitting, would cease 
abruptly at the age of sixty-six. 

Cephalus, the father of Lysias, was a native of Syra- 
cuse. On the invitation of Pericles he had 
settled at Athens as a “resident alien”’ 
(uérovxoc). The opening scene of Plato’s 
Republic is laid at the house of his eldest son, Pole- 
marchus, in the Peirzeus. Cephalus complains that 
the visits of Socrates have been rare of late, and 
expresses the hope that he will come oftener, and 
without ceremony, as to intimate friends. The tone of 
the picture warrants the inference that the Sicilian 
family were well known to Plato, and that their houses 
must often have been hospitable to such gatherings as 
the Republic supposes. Thus we haye an indirect, but 
very interesting, confirmation of the phrase used by 
Dionysius in regard to Lysias—‘‘he grew up in the 
society of the most distinguished Athenians.’ 

At the age of fifteen—when Cephalus, according to 
the Plutarchic life, was now dead—Lysias removed 
from Athens to Thurii, the Athenian colony newly 
planted on the Tarentine Gulf, near the site of the an- 
cient Sybaris. There the boy may have seen the his- 
torian Herodotus,—another of Thurii’s early residents, 
—now a man in middle life; and it pleaées the imagi- 
nation to think that, in their new Italian home, a 
friendship may have grown up between these two, nel- 
ther of them an Athenian by birth, yet alike in a sim- 
ple grace which Athens loved, and alike also in the love 
which they bore to Athens. At Thurii Lysias is said 
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to have commenced his studies in rhetoric,—doubtless 
under a master of the Sicilian school,—possibly, as tra- 
dition said, under Tisias, the pupil of Corax, whose 
name is associated with the first attempt to formulate 
rhetoric as an art. In 4138.c. the Athenian armament 
in Sicily suffered that crushing disaster which at the 
moment seemed to imperil the existence of Athens it- 
self. ‘The desire to link famous names is curiously il- 
lustrated by the ancient ascription to Lysias of a rhe- 
torical exercise purporting to be a speech in which the 
captive general Nicias appealed for mercy to the Sicil- 
jans. The terrible blow to Athens quickened the ener- 
gies of an anti-Athenian faction at Thurii. Lysias and 
his elder brother Polemarchus, with three hundred 
other persons, were ‘‘accused of Atticizing’”’ (‘Arr 
keopov éyKAnteioc),—a charge which, under the cireum- 
stances, implies an honorable loyalty. hey were driven 
from Thurii. 

Lysias and Polemarchus now settled at Athens (412 
B.c.). ‘They were rich men, haying inher- 
ited property from their father, Cephalus ; 

and Lysias claims that, though merely resident aliens, 
they discharged public services with a liberality which 
shamed many of those who enjoyed the franchise (oiy 
dmolwc weToiKovvTac Worep avTol éxodtteiovto, In Lratosth., 
220). The fact that they owned house property shows 
that they were classed as loore2eic, z.e., foreigners who 
paid only the same tax as citizens, being exempt from 
the special tax ( ero/xov) on resident aliens. Polemar- 
chus vecupied a house in Athens itself, Lysias another 
in the Peirzeus, near which was their shield manufac- 
tory, employing a hundred and twenty skilled slaves. 
This life of comparative peace and prosperity was 
broken up by the defeat of Athens at Algospotami (405 
B.c.). In the next spring Athens surrendered to Ly- 
sander. The Thirty Tyrants were established at Ath- 
ens under the protection of a Spartan garrison. One 
of their earliest measures was an attack upon the resi- 
dent aliens, who were represented as disaffected to the 
new government. As foreign residents successful in 
commerce, the Attic metoikot were exposed at such a 
time to perils like those of the Jews in_a mediaeval 
city, or in modern Russia. Lysias and Polemarchus 
were on a list of ten singled out to be the first victims. 
Polemarchus was arrested, and received “the usual 
message”? (10 elfvopévov rapayyeAua, In Kratosth., 417) 
‘*to drink the hemlock.’’ LLysias had a narrow escape, 
with the help of a large bribe and a lucky accident. He 
slipped by a back-door out of the house in which he 
was a prisoner, and took boat to Megara. 

After the expulsion of the Thirty Tyrants, the de- 
408-880, mocracy was formally restored in the 
oven autumn of 403 B.c. Lysias appears to 
have rendered yaluable services to the exiles during 
the reign of the tyrants, both by his own liberality and 
by procuring aid from other quarters. Thrasybulus 
now proposed that these services should be recognized 
by the bestowal of the citizenship. The proposal hap- 

ened to be informal in one particular. ‘The senate of 
ie hundred had not yet been reconstituted, and hence 
the measure could not be introduced to the ecclesia by 
the requisite ‘‘ preliminary resolution’? (xpoBobAevua) 
of the senate. On this ground it was successfully op- 
posed; and Lysias missed the reward which he had so 
well earned. That passage of his ’OAvurcaxdg (2 3) In 
which he claims to give advice as a good citizen seems 
to breathe the feeling that, if he was still but an alien 
at Athens, he was at least a true rodiry¢ of Greece. 

The last chapter of his life now opens. He is no 


longer the wealthy merchant, superintending his shield 


manufactory in the Peireus. The pillage by the 
tyrants, and his own generosity to the Athenian exiles, 
had probably left him poor. He now appears as a 
hard-working member of a new profession,—that of 
writing speeches to be delivered in the law courts. 
The tiny foor compositions extant under his name 
are but a small fraction of those which the ancient 
world possessed. 
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industry must have been great and incessant. The 
notices of his personal life in these years are scanty. 
In 403 he came forward as the accuser of Hratosthenes, 
one of the Thirty Tyrants, and delivered the splendid 
oration which we possess. This was his only direct 
contact with Athenian politics. The story that Lysias 
wrote a defence for Socrates, which the latter declined 
to use, probably arose from a confusion. Several 
years after the death of Socrates the sophist Polycrates 
composed a declamation against him; and to this 
Lysias replied with a defence of the philosopher. A 
more authentic tradition represents Lysias as having 
spoken his own ‘‘Olympiacus’’ at the Olympic festi- 
val of 3888 B.c. The occasion was one of peculiar in- 
terest. Dionysius I., tyrant of Syracuse, ae sent to 
the festival a magnificent embassy. Tents embroi- 
dered with gold were pitched within the sacred en- 
closure; and the wealth of Dionysius was vividly 
brought before the minds of the Panhellenic concourse 
by the number of chariots which he had entered for 
the most costly and brilliant of the Olympic contests. 
This was the moment at which Lysias lifted up his 
voice to denounce Dionysius as, next to Artaxerxes, 
the worst enemy of Hellas, and to impress upon the 
assembled Greeks that one of their foremost duties was 
to deliver Sicily from a hateful oppression. The 
latest work of Lysias which we can date (a fragment 
of a speech ‘‘ For Pherenicus’’) belongs to 381 or 380 
B.C. He probably died in or soon after 380 B.¢. 

The ues of the man are expressed in his work ; 
indeed, it is through this, rather than 
through the recorded facts of his biography, 
that he becomes a living person to us. It is 
a kindly and gemial nature which we see re- 
flected there,—warm in friendship, loyal to country, — 
with a keen perception of character, and a fine, though 
strictly controlled, sense of humor. The literary tact 
which is so remarkable in the extant speeches is that 
of a singularly flexible intelligence, always obedient to 
an instinet of gracefulness. Among the earlier artists 
of Greek prose Lysias owes his distinctive place to the 
power of concealing his art. The clients of the pro- 
fessional ‘‘ speech-writer,’’ like those of the modern 
advocate, might be of all sorts and conditions. The 
modern advocate, however, speaks in his own person. 
The Athenian “ logographer ’’ merely wrote the speech 
which his client delivered. It was obviously desirable 
that such a speech should be suitable to the age, sta- 
tion, and circumstances of the person into whose mouth 
it was put. lLysias was the first disciple of Greek 
rhetoric who succeeded in making this adaptation really 
artistic. He aimed, not merely at impressive effect in 
eloquence, pathos, or argument, but at dramatic pro- 
priety. Hence it was absolutely essential for him to 
abandon the stiff and monotonous splendor of the ear- 
lier and cruder rhetoric. He could not achieve his 
purpose unless he brought his art into harmony with 
the ordinary idiom of everyday life. His client must 
appear to be speaking as the citizen, who was not a 
professed rhetorician, might conceivably speak. Lysias 
achieved this reconciliation with a skill which can be 
best appreciated if we turn from the easy flow of his 
graceful language to the majestic emphasis of his pre- 
decessor Antiphon, or to the self-revealing art of his 
successor Iszeus. ‘Translated into terms of ancient 
criticism, the achievement of Lysias is described by 
saying that he became the model of the ‘‘ plain style” 
(layvoc yapaKtip, coyry, ATH, apedge 2&EWc; Genus tenue or 
subtile), From the latter part of the 4th century B.o. 
onwards, Greek, and then Roman, critics distinguished 
three styles of rhetorical composition—the “ grand” 
(or ‘‘elaborate’’), the ‘‘plain,’’ and the ‘“‘middle.”’ 
These epithets were relative to the language of daily 
life—the ‘‘plain’’ being nearest to this, and the 
‘“‘ovand’’ furthest from it. Greek rhetoric began in 
the “grand ”’ style; then Lysias set an exquisite pat- 
tern of the ‘‘plam’’; and Demosthenes might be con- 
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From 403 to about 380 B.c. his | sidered as having effected an almost ideal compro- 
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mise. We moderns cannot fully seize that nameless 
and undefinable grace (ydpic) of Lysias which the Greek 
critic of the Augustan age indicates in such striking 
words :— 


“ When I am puzzled about one of the speeches ascribed 
to him,” says Dionysius, ‘and when it is hard for me to 
find the truth by other marks, I have recourse to this ex- 
cellence, as to the last piece on the board, Then, if the 
graces of speech seem to me to make the writing fair, I 
count it to be of thesoul of Lysias; and I care not to probe 
the question further. But if the stamp of the language 
has no winningness, no loveliness, I am chagrined, and 
suspect that, afterall, the speech is not by Lysias; and I 
do no more violence to my instinct (odxére Brdfopac riv 
Goyoy aisdnow), even though in all else the speech seems to 
me clever and well finished,—believing that to write well, 


in special styles other than this, is given to many men, but | 


that to write winningly, gracefully, with loveliness, is the 
gift of Lysias”’ (Dionys., De Lys., ii.). 


The more salient traits of the Lysian style can be 


Style. - recognized by all. The vocabulary is pure | 
: and simple. Most of the rhetorical ‘* fig- 
ures’’ are sparingly used,—except such as consist in 


the parallelism or opposition of clauses. 
the day,—not yet emancipated from the influence of 
the Sicilian rhetoric,—probably demanded a large use 
of antithesis as an essential condition of impressive 
speaking. Lysias excels in vivid description ; he has 
also a happy knack of marking the speaker's char acter 
by light touches. The structure of his sentences varies 
a good deal according to the dignity. of the subject. 
He has equal command over the “periodic ’ style 
(Kareorpaypé vy AéEvc) and the non-periodie or *‘ continu- 
ous’’ (sipouévn, diaredvuévn )—using now one now the 
other, or blending them according to circumstances. 
His disposition of his subject-matter is always simple. 
The speech has usually four parts,—introduction 
(xpooiuov), narrative of facts (dujynouc), proofs (xiorecc), 
which may be either external, as from witnesses, or 
internal, derivefl from argument on the facts, and, 
lastly, conclusion (émidoyoc). It is inthe introduction 
and the narrative that Lysias is seen at his best. In 
his greatest extant speech—that * Against Eratos- 
thenes ’’—and also in the fragmentary ‘* Olympijacus,”’ 
he has pathos and fire, but these were not character- 
istic qualities of his work. In Cicero’s judgment 
Demosthenes was peculiarly distinguished by force 
(vis), Alschines by resonance (sonitus), Hyperides by 
acuteness (acumen), Isocrates by sweetness (swavitas) ; 
the distinction which he assigns to Lysias is subtilitas, 
an Attic refinement, —which, as he elsewhere says, is 
often joined to an admirable vigor (lacerti) (Cie., De 
Or., ili. 7, 228; Brutus, 2 a The judgment is in- 
teresting as showing how a Roman critic of unques- 
tionable. competence recognized the peculiar place of 
Lysias in the development of Greek oratory. Nor was 
it oratory alone to which Lysias rendered service ; his 
work had an important effect on all subsequent Greek 
prose, by showing how perfect elegance could be joined 
to plainness. Here, in his artistic use of familiar 
idiom, he might fairly be called the Kuripides of Attic 
prose. And his style has an additional charm for 

modern readers, because it is employed in describing 
scenes from the everyday life of Athens.! 

Thirty-four speeches (of which three are fragmentary) 
Works. * have come down under the name of Lysias; 

no fewer than one hundred and twenty-seven 
more, now lost, are known from smaller fragments or from 
titles. Inthe Augustan age four hundred and twenty-five 
works bore his name, of which more than two hundred 
were allowed as genuine by the critics. The enormous num- 
ber of ascriptions indicates that Lysias was reputed to have 
been a fertile writer. Our thirty-four works may be clas- 
sified as follows:— 

A. Epipercric.—1. Olympiacus, xxxiii., 388 B.c.; 2. 
Epitaphius, ii. (purporting to have been spoken during the 
Corinthian War; certainly spurious), perhaps composed 
about 380-340 B.c. 

1 For a detailed account of the life, the style, and the works of 


Lysias, the reader is referred to J ebb, The Attic Orators from Anti- 
phon to Iszus, vol. i. pp. 142-816. 
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B, DELIBERATIVE.—Plea for the Constitution, xxxiv., 
403 B.C. 

C. FORENSIC, IN PuBLIC CAusEs.—I. Relating to Offences 
directly against the State (ypapai dnpociwy dduxnpdrwv); such as 
treason, malversation in office, embezzlement of public moneys. 1. 
For Polystratus, xx., 407 B.c.; 2. Defence on a Charge of 
Taking Bribes, xxi., 402 B.c.: 3. Against Ergocles, xxviii., 
389 B.c.; 4. Against Epicrates, xxvii., 389 B.c.: 5. Against 
Nicomachus, xxx., 399 B.c.; 6. Against the Corndealers, 
xxii., 386 B.c. (?) IL. Cause relating to Unconstitutional Pro- 
On the Property of the Brother 
of Nicias, xviii; 395 B.c. ILI. Causes relating to Claims 
for Money withheld from the State (droypapat), 1. For 
the Soldier, ix. (probably not by Lysias, but by an imi- 
tator, writing for a real cause), 394 B.c. (?); 2. On the. 
Property of Aristophanes, xix., 387 B.c.; 3. Against Philo- 
crates, xxix., 389 B.c. IV. Causes relating to a Scrutiny 
(doxipacia) ; especially the Scrutiny, by the Senate, of Officials 
Designate. 1. Against pe gags oy XXvi., 382 B.c.; 2. For 
Mantitheus, xvi., 392 B.c.; 3. Against Philon, xxxi., 
between 404 and 395 B.c.; ea Defence on a Charge of Seek- 
ing to Abolish the Democracy, xxv., 401 B.c.; 5. For the 
Invalid, xxiv., 402 B.c. (?) V. Causes relating to ’ Military Of- 
fences (ypapai Auroratiov, dorpareias), 1. Against Alcibiades, I. 
and LI. (xiv., xv.), 395 B.c. WI. Causes relating to Murder 
or Intent to Murder (ypapa $6vo, rpatyaros tx mpovotas), 1. 
Against Eratosthenes, xii., 403 B.c.; 2. Against Agoratus, 
xili., 399 B.c.; 3. On the Murder of Eratosthenes, i. (date 
uncertain) ; 4, Against Simon, iii., 393 B.c.; 5. On Wound- 
ing with Intent, iv. (date uncertain). VII. Causes relating 
to Impiety (ypapai deeBsias), 1, Against Andocides, vi. (cer- 
tainly spurious, but perhaps contemporary); 2. For Callias, 
v. (date uncertain) ; 3. On the Sacred Olive, vii., not before 
395 B.C. 

D. FORENSIC, IN PRIVATE CAusnus.—I. Action for Libel 
kaxnyopias), Against Theomnestus, x., 384-3 B.c. 
(the so-called second speech, xi., is merely an epitome: of 
the first). II. Action by a Ward against a Guardian (dixy 
érirpovis), Against Diogeiton, xxxii., 400 B.c. IIL. Trial 
of a Claim to Property (dtadicacta), On the Property of Era- 
ton, xvii., 397 B.c. IV. Answer to a Special Plea (pds 
neeerert Against Pancleon, xxiii. (date uncertain), 

3, MISCELLANEOUS.—1. To his Companions, a Complaint 
of Glancters: viii. (certainly spurious); 2. The épwrikés in 
Phedrus, pp. 230 E-234. This has generally been 
regarded as Plato’s own work ; but the certainty of this con- 
clusion will be doubted by those who observe (1) the elaborate 
preparations made in the dialogue for a recital of the 
épwrtkés which shall be verbally exact, and (2) the closeness 
of the criticism made upon it. If the satirist were merely 
analyzing his own composition, such criticism would have 
little point. Lysias is the earliest writer who is known to 
have composed épwrixoi; it is as representing both rhetoric 
and a false épws that he is the object of attack in the Phe- 
drus. 

F. FRAGMENTS.—Three hundred and fifty-five of these 
are collected by Sauppe, Oratores Attici, ii. 170-216. Two 
hundred and fifty-two of them represent one hundred and 
twenty-seven speeches of known title; and of six the frag- 
ments are comparatively large. Of these, the fragmentary 
speech “ For Pherenicus” belongs to 381 or 380 B.c., and is 
thus the latest known work of Lysias. 

In literary and historical interest, the first place among 
the extant speeches of Lysias belongs to that “ Against 
Eratosthenes” (403 B.c.), one of the Thirty Tyrants, whom 
Lysias arraigns as the murderer of his brother Polemarchus. 
The speech is an eloquent and vivid picture of the reign of 
terror which the thirty established at Athens; the con- 
cluding appeal, to both parties among the citizens, is espe- 
cially powerful. Next in importance is thespeech “ Against 
Agoratus” (399 B.c.), one of our chief authorities for the 
internal history of Athens during the months which imme- 
diately followed the defeat at Augospotami. The “ Olym- 
piacus” (388 B.c.) is a brilliant fragment, expressing the 
spirit of the festival at Olympia, and exhorting Greeks to 
unite against their common foes. The “Plea for the Con- 
stitution ” (403 B.c.) is interesting for the mannerin which 
it argues that the wellbeing of Athens—now stripped of 
empire—is bound up with the maintenance of democratic 
principles. The speeeh “For Mantitheus” (392 B.c.) is a 
graceful and animated portrait of a young Athenian trretc, 
making aspirited defence of his honor against the charge 
of disloyalty. The defence “‘ For the Invalid” is a humor- 
ous character-sketch. The speech ‘‘ Against Pancleon” 
illustrates the intimate relations between Athens and 
Platea, while it gives some picturesque glimpses of Athe- 
nian town life. The defence of the person who had been 
charged with destroying a moria, or sacred olive, places us 
amidst the country lifeof Attica. And the speech “ Against 
Theomnestus” deserves attention for its curious evidence 
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of the way in which the ordinary vocabulary of Athens had 
changed between 600 and 400 B.c. 


All MSS. of Lysias yet collated have been derived, as H, Sauppe 
first showed, from the Codex Palatinus X (Heidel- 
Bibliogra- berg). Thenext most valuable MS. is the Laurenti- 
phy. anus C (15th century), which I. Bekker chiefly fol- 
lowed. Speaking generally, we may say that these 
two MSS. are the only two which carry much weight where the 
text isseriously corrupt. In Or. Att., i.-ix.,Bekker occasionally con- 
sulted eleven other MSS., most of which contain only these nine 
speeches; viz. Marciani F. G. I, K (Venice); Laurentiani D, E 
(Florence); Vaticani M, N; Parisini U, V; Urbinas O. 
wit 


Lysias in Oratores Altici, ed. I. Bekker, 1828; ed. G.S. Dobson, 
variorum notes, 1828; ed. J. G. Baiter and Hermann Sauppe, 
1850. In Teubner’s series,ed. Carl Scheibe, 1st ed. 1852, 2d ed. 
based on C. L. Kayser’s collation of X), 1876. Text, ed. Cobet, 1863. 
elections from Lysias and A®schines, ed. Bremi, 1826. Selec- 
tions from Lysias, ed. Rauchenstein, 1864 ;ed. Frohberger, 
1868 ; ed. Jebb, in Selections from the Attie Orators, 1880. German 
translation, with notes, by Baur (1869); and of selections, by 
Westermann (1869), (R. C. J.) 


LYSIMACHUS, son of Agathocles, a Thessalian in 
the service of Philip of Macedon, was born about 361 
B.0. During Alexander’s campaigns he was one of his 
immediate bodyguard; he distinguished himself in 
India, and was appointed a trierarch when Alexander 
constructed his fleet on the Hydaspes. After the death 
of Alexander, Lysimachus was appointed to the goy- 
ernment of Thrace and the district about the Cherso- 
nese. Jor a long time the Odrysians under their king 
Seuthes caused him so much trouble that he could take 
very little part in the struggles of the rival satraps; 
but in 316 he joined the alliance which Gaish iter 
Ptolemy, and Seleucus made against Antigonus. In 
309 he founded Lysimachia in a commanding situation 
on the neck connecting the Chersonese with the main- 
land. He followed the example of Antigonus in tak- 
ing the title of king. When in 302 the second alliance | 
between Cassander, Ptolemy, and Seleucus was made, | 
Lysimachus, reinforced by troops from Cassander, en- | 
tered Asia Minor, where he met with little resistance. | 
On the approach of Antigonus he retired into winter | 

uarters near Heraclea, marrying its widowed queen 
mastris, a Persian princess. Seleucus joined him in 
301, and the decisive battle was fought in the plain of 
Ipsus ; Antigonus was slain, and his dominions divided 
among the victors, Lysimachus receiving the greater 
part of Asia Minor. Feeling that Seleucus was becom- 
ing dangerously great, he now allied himself with 
Ptolemy, marrying his daughter Arsinoe. Amastris 
returned to Heraclea. During the absence of Antigo- 
-nus’s son Demetrius in Greece, Lysimachus seized his 
towns in Asia Minor and rebuilt Hphesus, calling it 
Ayrsinoe. He tried to carry his power beyond the 
Danube, but was defeated and taken prisoner by the 
Getze, who, however, set him free on amicable terms. 
After Demetrius had entered Macedon to help Alex- 
ander against his brother Antipater, and by murdering 
the former had gained possession of the whole coun- 
try, he invaded Thrace, but had to retire in conse- 
quence of a rising in Boeotia, and an attack from 
yrrhus of Epirus. In 287 Lysimachus and Pyrrhus 
invaded Macedon. Demetrius marched against Pyr- 
rhus, thinking the Macedonians would not fight against 
Lysimachus, one of Alexander’s companions in arms ; 
but his army went over to Pyrrhus, and he was obliged 
to fly. Lysimachus claimed a share of the kingdom 
and received it. Demetrius, crossing into Asia Minor, 
seized Caria and Lydia, but Agathocles, the son of 
Lysimachus by an Odrysian princess, was sent against 
him, and forced him to retreat into the territory of 
Seleucus, who obliged him to surrender, Lysimachus 
attacked Pyrrhus and Demetrius’s son Antigonus, now 
his ally, and forced Pyrrhus to give up part of Thes- 
saly and the whole of Macedon. Amastris had been 
murdered by her two sons, and Lysimachus resolved to 
avenge her; he got them into his hands, on pretence | 
of friendship and put them to death. On his return 
Arsinoe asked the gift of Heraclea, and he granted her 
request, though he had promised to free the city. In 
284 Arsinoe, desirous of gaining the succession for her 


sons in preference to Agathocles intrigued against him 
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with the help of her brother Ptolemy Ceraunus; they 
accused him of conspiring with Seleucus to seize the 
throne, and he was put to death. ‘'T’o remove the dis- 
quietude of the Egyptian court, Agathocles being the 
husband of Ptolemy’s daughter Lysandra, Lysimachus 
married his daughter Arsinoe to the young Ptolemy 
Philadelphus. The widow of Agathocles fled to Seleu- 
cus, and war between the latter and Lysimachus soon 
followed. In 281 the decisive battle took place at the 
plain of Corus, the exact situation of which is doubt- 


‘ful; Lysimachus was killed; after some days his body 


was found on the field watched by a faithful dog. 


Lysimachus was a man of distinguished bravery and 
great personal strength ; on one occasion he had killed a 
lion single-handed, though at the cost of fearful wounds. 
He did not rise to political importance till after the battle 
of Ipsus. Tenacious and insatiate, he framed schemes of 
aggrandizement till his death, and in pursuit of the schemes 
his craft suggested he was ready to sacrifice even his own 
family. 

LYSIPPUS, a Greek sculptor whose professional 
activity falls between the years 372 and 316 B.c. In 
addition to the sketch with accompanying illustrations 
of his style given under ARCH MOLOGY (vol. ii. p. 316, 
figs. 9 and 11), it may here be stated that the head of 
Alexander the Great (fig. 11 just referred to) is now 
admitted to be the best existing representation of the 
style of Lysippus in portrait sculpture. When we read 
of successful portraits by him of Socrates and Adsop, 
as well as of Alexander, we are driven to believe that 
one of the forces of which he was conscious within him- 
self was that of seizing the spiritual expression and 
making it illumine faces and forms which under other 
conditions would be more or less repulsive. ‘This in 
fact is confirmed by the head of Alexander in the 
British Museum (fig. 11 supra). But with the posses- 
sion of this force it is difficult to reconcile the tradition 
of his having taken as his model the Doryphorus of 
Polycletus, the style of which may be seen in the bronze 
statuette fig. 6 in the article ARCH MOLOGY, and, to a 
less extent, in fig. 7 of the same article. There every- 
thing turns on the refinements of physical form. It is 
admitted that Lysippus introduced great changes in 
the accepted rules for the proportion of the human 
figure, and from a number of sculptures traceable to 
his time, or shortly after his time, it is not only obvious 
but strikingly in contrast with earlier works that the 
legs are made long and massive while the body is pro- 
portionately shortened, though still retaining a very 
powerful rendering of the forms. Among the best 
examples of this are two bronze statuettes of Neptune 
and Wises in the British Museum found at Para- 
mythia in Epirus, or, less satisfactory, the larger bronze 
of Hercules from Byblus, also in the British Museum. 
In these cases the limbs and various parts of the figure 
are studied with extreme skill worthy of the best time. 
Yet the combined effect is such as to do away with the 
impassive beauty which is ascribed to Polycletus, and 
to replace it with a beauty of expression so far as was 
consistent with powerful physical form. One of his 
works famed in antiquity was a bronze statuette of 
Hercules, called Epitrapezius, because, as the story 
goes, Alexander the Great carried it with him to be 
placed always on his table. A copy of this, in stone, 
enlarged somewhat from the original, was obtained by 
the British Museum from Babylonia in 1881. It is 
signed with the name of an artist, Diogenes, appar- 
ently otherwise unknown, and it bears clearly the evi- 
dence of having been copied from a work in bronze. 
But except in the face, which is carefully executed 
(‘‘ argutiae operum custoditee in minimis quoque rebus ” 


‘is said of Lysippus by Pliny, Nat. Hist., xxxiv. 65), 


the sculpture is poor and could not be quoted as illus- 
trating any particular style of art, though not incon- 
sistent with the characteristics of Lysippus. With 


‘reference to the marble statue of Alexander the Great 


in Munich, standing with one foot raised on a helmet, 
it is clear that this affected attitude, which occurs in 


a 


122 


several other existing statues, such as the so-called 
Jason in Lansdowne ‘House, cannot fairly be traced to 
the invention of Lysippus, since it is to be found twice 
on the frieze of the Parthenon. At the same time the 
merit may belong to him, as has recently been claimed, 
of having first applied this attitude in producing a new 
type of the god Neptune for his temple on the isthmus 
of Corinth. It was a bolder step to apply this attitude 
to a draped female figure as in the existing statues of 
the Muse Melpomene standing with one foot raised on 
a rock, and if this was really introduced into art by 
Lysippus it would confirm to some extent his reputa- 
tion tor novelties of representation. But at present 
we cannot do more than say that he is known to have 
made a group of the Muses for the town of Megara, 
and that several statues still exist representing a Muse 
in an attitude corresponding with that of the Alex- 
ander in Munich, which is reasonably inferred to be a 
copy from a work of Lysippus. If it could be proved 
that in these cases Lysippus had worked upon Athe- 
nian types, we should then understand how it happens 
that in some respects he was in ancient times sc 
with the Athenian Praxiteles (Quintilian, xii. 10, 9, 
‘ad veritatem Lysippum ac Praxitelem accessisse op- 
time aflirmant’’), and is still compared with him so far 
as the remaining works of both, or copies therefrom, 
enable a comparison to be made. 


See Kekulé, Ueber den Kopf des Praxitelischen Hermes, 
Stuttgart, 1881; Lange, Das Motiv des aufgestitzten Fusses, 
Leipsic, 1879. 


LYTH, Henry Francts (1793-1847), a well-known 
hymn-writer, was.born at Kelso, June 1, 1793, received 
his early education in Ireland, and entered Trinity 
College, Dublin, in 1812, becoming a scholar of that 
college in the following year. Having entered deacon’s 
orders in 1815, he for some time held a curacy near 
Wexford. He did not long remain in Ireland, how- 
ever, chiefly because of infirm health ; and coming to 
England, after several changes he finally, in 1823, 
settled in the parish of Brixham, where he labored 
until fatal illness interrupted his work. In 1844 his 
health, never robust, gave way; and he died at Nice 
on the 20th November, 1847. 


Lyte’s first work was Tules in Verse illustrative of several 
of the Petitions in the Lord’s Prayer, which was completed 
during a period of rest at Lymington, but was not pub- 
lished till the year 1826; it drew a word of warm commen- 
dation from a competent critic in the Noctes Ambrosian. 
He next published a volume of Poems, chiefly Religious, in 
1833, and in the following year a little collection of psalms 
and hymns entitled 7'he Spirit of the Psalms. These produc- 
tions were drawn from various sources, but many were his 
own; and the idea of the book was to express, in language 
specially accordant with Christian experience, the leading 
thoughts contained. in the Psalter. Probably one of the 
best productions of Lyte’s pen was a finely appreciative 
memoir of Henry Vaughan, the ‘Silurist,’”’ which he pre- 
fixed to an edition of his works, After his death, a volume 
of Remains with a memoir was published, and the poems 
contained in this, with those in Poems, chiefly Religious, were 
afterwards issued in one yolume. In the region of pure 
poetry Lyte cannot be said to have taken any special rank ; 
refinement and pathos, rather than great imaginative power, 
were the chief marks of his work. Asa divine he was 
evangelical in doctrine, but his ecclesiastical sympathies 
were with the Oxford school; as a preacher he was simple, 
earnest, and graceful in style; but his chief claim to re- 
membrance lies in the beauty and spiritual elevation of 
his hymns, some of which may be said to have become 
classical. The best known are ‘‘ Abide with me! fast falls 
the eventide ;” “Jesus, I my cross have taken;”’ “ Praise, 
my soul, the King of Heayen;” and “Pleasant are thy 
courts above.” 


LYTTELTON, Grorar, Lorp (1709-1773), states- 
man and man of letters, born at Hagley, Worcester- 
shire, in 1709, was a descendant of the great THomMAs 
DE LirrLEToN (q.v.), and the eldest son of Sir Thomas 
Lyttelton, Bart., who at the Revolution of 1688 and 
during the following reign was one of the ablest Whig 
debaters of the House of Commons. Lyttelton was 
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educated at Eton and Oxford, and in 1728 set out on 
the grand tour, spending considerable periods at Paris 
and Rome. On ie return to Hngland he sat for Oke- 
hampton, Devonshire, beginning public life in_ the 
same year with Pitt; and from 1744 to 1754 he held 
the office of a lord commissioner of the treasury. In 
1755 he succeeded Legge as chancellor of the exche- 
quer, but in the following year he quited office, on 
which occasion he was raised to the peerage as Lord 
Lyttelton, baron of Frankley, in the county of Wor- 
cester. In the political crisis of 1765, before the for- 
mation of the Rockingham administration, it was at 
one time suggested that he might be placed at the | 
head of the treasury, but he firmly declined to take 
part in any such scheme. ‘The closing years of his life 
were devoted chiefly to literary pursuits. He died on 
August 22, 1773. 

Lyttelton’s earliest publication (1735), Letters from a Per- 
sian in England to his Friend at Ispahan, appeared anony- 
mously. Much greater celebrity was achieved by his 
Observations on the Conversion and Apostleship of St. Paul, 
also anonymous, published in 1747, It takes the form of a 
letter to Gilbert West, and is designed to show that St. 
Paul’s conversion is of itself a sufficient demonstration of 
the divine character of Christianity. The drift of the 
argument is that it is equally inconceivable that the apos- 
tle could have been the victim or the originator of a cheat, 
and that therefore he must have been divinely inspired. 
It is interesting to know that Dr. Johnson regarded the 
work as one “to which infidelity has never been able to 
fabricate a specious answer.” Lord Lyttelton’s Dialogues 
of the Dead, a creditable performance, though hardly rival- 
ling either Lucian or Landor, appeared in 1760. His His- 
tory of Henry II. (1764-67), the fruit of twenty years’ labor, 
is not now cited as an authority, but is painstaking and 
fair. Lyttelton was also a writer of verse; his Monody on 
his wife’s death has been praised by Gray for its elegiac 
tenderness, and his Prologue to the Coriolanus of his friend 
Thomson shows genuine feeling. He was also the author 
of the well-known stanza in the Castle of Indolence, in 
which the poet himself is described. A complete collec- 
tion of the Works of Lord Lyttelton was published after 
his death by his nephew, G. E. Ayscough. See Memoirs 
and Correspondence of Lord Lyttelton, 1734-1773 (2 vols., 
1845). 

LYTTON, Epwarp Gror@e KARLE Lyrron But- 
wer Lytron, Baron (1805-1873), novelist, drama- 
tist, poet, politician, miscellaneous essayist, the most 
versatile writer and one of the most active and widely 
discursive theorizers of his generation, was born in 
May, 1805, the youngest of the three sons of General: 
Bulwer, of Heyden Hall and Wood Dalling, Norfolk. 
He was a few months younger than Benjamin Disraeli ; 
the two lives acted not a little one on the other, and 
offer many curious points of likeness and contrast. 
Bulwer’s father died when he was two years old; the 
care of the boy devolved on his mother, one of the 
Lyttons of Knebworth, Hertfordshire, whose name he 
afterwards assumed. ‘To this devoted and accom- 
plished mother he always expressed the warmest grati- 
tude for his early training. He was not sent to a 
public school; he was educated privately. 

In his novels and essays he often discusses the ad- 
vantages and disadvantages of public schools. One 
thing is tolerably certain—that if he had been sent to 
a public school he would not have published at the age 
of fifteen a volume of poems (/smael, an Oriental 
Tule, with other Poems, 1820). Generous sentiment 
and eager love of fame are more conspicuous in these 
juvenile productions than metrical faculty. One of 
the poems dwells warmly on the ancient glories of the 
house of Lytton; the volume as a whole is dedicated 
to “the British public—that generous public who 
have always been the fosterers of industry or genius, 
who have always looked forward from the imperfec- 
tions of youth to the fruits of maturity.’’ The 
youthful poet criticises Byron ftom the point of view 
of a respectable household; but, though he seems to 
have been taught to make Pope, Gray, apd Collins 
his models, the Byronic influence is very apparent 
both in phrase and in sentiment. In the local color- 
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ing of the ‘‘ Oriental Tale’ he gives promise, after- 
wards amply fulfilled, of painstaking study of his 
materials; and ‘‘ Geraldine, or the Fatal Boon,”’ gives 
a good foretaste of his fertility in the invention of 
romantic incident. 
At Cambridge, in 1825, Bulwer won the chancellor’s 
medal with a poem on ‘‘Sculpture.’’ In 1826 he 
printed for private circulation Weeds and Wild Flow- 
ers. In 1827 he published O’ Neill, or the Rebel, a 
romance, in heroic couplets, of patriotic struggle in 
Ireland, dedicated to Lady Blessington. These juve- 
nilia, and also a metrical satire, Zhe Siamese Twins, 
issued in 1831, he afterwards ignored, describing 7’he 
New Timon as his first publication in verse, with the 
exception of his dramas and translations from Schiller. 
Bulwer’s first romance, Fudkland, published anony- 
mously in 1827, was in the vein of fantastic German 
romance popular at the beginning of the century, and 
did, not bring him the fame that he coveted so ar- 
dently. It was otherwise with Pelham, published in 
the following year. In this he went with the native 
stream of fiction, and at once made himself felt as a 
power. For two or three years before he wrote Pel- 
ham, the books of the season had been novels of 
remarkable freshness and brillianey dealing with fash- 
ionable life—Plumer Ward’s now forgotten but then 
much-talked-of Tremaine, Theodore Hook’s Sayings 
and Doings, Lister's Granby, Disraeli’s Vivian Grey. 
With these brilliant celebrities Bulwer, always a chiy- 
alrous emulator of whatever was famous, entered into 
direct competition, and at once became at least their 
equal in popular favor. If we compare this his first 
novel with any of his last productions, he strikes us as 
having attained at a bound to the full measure of his 
powers. That he wrote Pelham at twenty-two is a 
much more remarkable fact than that he wrote ballads 
at five. The plot is not perhaps so closely woven to- 
gether as in he Parisians, but the variety of character 
introduced from high life, low life, and middle life is quite 
as great. He had evidently been fascinated by Wilhelm 
Meister, and the central purpose of his story is to run 
the hero through an apprenticeship like Wilhelm’s. All 
kinds of human beings and all their works are interesting 
to Pelham, the man of fashion, the bustling statesman, 
the selfish epicure, the retiring scholar, the reckless 
rogue and vagabond, the melodramatic Byronic man 
of mystery ; and his adventures are so contrived as to 
bring him in contact with many different types. The 
novel might have been called Zhe Londoners ; most of 
the criticisms of life and books in England and the 
English, published in 1833, may be found in Pelham, 
delivered through the mouths of various characters, 
These characters are great talkers; no subject, from a 
rare dish or a nicety of costume to a painting ora philo- 
sophical treatise, is strange to them. And, curiously 
enough, the judgments of the youth of twenty-two 
are as mature, as large, catholic, generous, widely 
sympathetic, as those of the sage of sixty-six, and his 
knowledge of men and books hardly less extensive. 
Pelham displayed—in the literal sense of the word— 
extraordinary vivacity of intellect and range of inter- 
est. The author was yet to prove that with his won- 
derful powers of reading, observing, and reflecting was 
combined a faculty rarely found in union with such 
gifts, untiring rapidity of production. In the preface 
to his juvenile ‘‘ Ismael,’’ he speaks of a habit of his 
never to leave anything unfinished, and during his 
long life he began and finished many works in many 
different veins. Pelham was followed in quick succes- 
sion by Lhe Disowned (1828), Devereux (1829), Paul 
Clifford (1830), Hugene Aram and Godolphin (1833). 
Bulwer was deeply impressed with German theories of 
art; all these novels were novels with a purpose, 
* moral purpose, psychological purpose, historical pur- 
pose. ‘I'o embody the leading features of a period, of 
a phase of civilization, to trace the influence of cir- 
cumstance on character, to show how the criminal may 
be reformed by the development of his better nature, 
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and how men of fine nature may be led stage by stage 
into crime, to explain the secrets of success and fail- 
ure in life—these, apart from the purely dramatic 
object of exhibiting inward struggles between the first 
conceptions of desires and their fulfilment, and 
between triumph and retribution, were his avowed 
aims as a novelist. Hedid not leave his purposes to 
the interpreter; he was a critic as well as a creator, 
and he criticised his own works frankly, and labored 
to admit other critics to a fair point of view. It was 
perhaps a tribute to the intrinsic interests of his plots, 
characters, and descriptions that he was under the 
necessity of begging attention to these higher aims. 
In The Pilgrims of the Rhine (1834), a work of grace- 
ful fantasy, in which some of his most acute ob- 
servations on human life are incorporated with the 
sayings and doings of elves and fairies, an ambitious 
author is made to complain that ‘‘ the subtle aims that 
had inspired him were not perceived,’’ and that he 
was often approved for what he condemned himself. 
The Pilgrims, charmingly written in many passages, 
was too German in its combination of serious thought 
and mundane personages with fairies to be heartily 
welcomed by the English public. Bulwer was more 
successful in another attempt to break new ground in 
The Last Days of Pompeii (1834) and Rienzi (1835). 
No historical romances dealing with times and scenes so 
remote were ever more widely popularin England, and 
in aiming at popularity the author labored hard to se- 
cure historical accuracy. In Athens, its Rise and Full 
(1836), we received in the form of historical essays 
what had probably been acquired industriously as mate- 
rials for romance. ‘Two romances from Spanish his- 
tory, Leila and Calderon, published in 1838, aimed at 
a less realistic treatment, and, with all their purely 
literary excellences, were not so popular. In Krnest 
Maltravers (1837), and its sequel Alice, or The Mys- 
teries (1838), the novelist returned to English ground 
and psychological and social problems—‘‘ the affliction 
of the good, the triumph of the unprincipled.’’ Crit- 
ics to whom he failed to make the full purpose of 
these works apparent in the execution complained of 
the low tone of their morality, a fair complaint con- 
cerning most exhibitions of vice as a warning. 

To his other literary labors Bulwer superadded for 
some time the editorship of a magazine. He succeeded 
Campbell as editor of Vhe New Monthly in 1833. In 
1838 he projected a magazine called The Monthly 
Chronicle, and contributed to it as a serial story the 
fentastic romance ‘‘ Zicci.’’ The magazine expired 
before the story was completed, and it was afterwards 
developed into Zanoni, a romance of which he was 
himself especially proud, and which suffered in public 
estimation from being tried by realistic standards. 

During the most productive period of his literary 
life Bulwer was an eminent member of parliament. 
He was returned for St. Ives in 1831, and sat for Lin- 
coln from 1832 to 1841. He spoke in favor of the 
Reform Bill, and took the leading part in obtaining 
the reduction, after vainly trying to procure the repeal, 
of the newspaper stamp duties. Tis support of the 
Whigs in parliament, and by a pamphlet *‘ on the cri- 
sis’’ when they were dismissed from office in 1834, was 
considered so valuable that Lord Melbourne offered 
him a place in the administration. His intimacy with 
Radical leaders at this period exposed him to an unde- 
served charge of tergiversation when later in life he 
was a member of a Conservative Government. 
Charles Buller and Charles Villiers were among his 
friends at Cambridge; he was an admiring student of 
Bentham ; Mill’s Lssay on Government was the text- 
book on which was founded ‘‘ Pelham’s’’ instruction 
by his uncle in the principles of politics; J. S. Mill 
contributed the substance of the appendices to Lng- 
land and the English, on Bentham and Mill; Godwin 
suggested to him the subject and some part of the 
plot of Hugene Aram ; he even succeeded in winning 
the good opinion of Miss Martineau; but we have 
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only to read his speech in favor of the Reform Bill 
to see that it was the situation that had changed and 
not the man when he assailed the repeal of the corn 
laws, and took office under Lord Derby. Bulwer’s 
leading political aim, like his leading artistic aims, was 
early formulated, and the formula governed all his 
political reasoning: it was to ‘‘ aristocratize the com- 
munity,’’ ‘‘to elevate the masses in character and 
feeling to the standard which conservatism works in 
aristocracy,’’ a standard not of wealth or pedigree 
but of ‘‘superior education, courteous manners, and 
high honor.’’ Hence it was ‘‘ social reforms’’ from 
first to last that enlisted his interest, and he sought 
the motive power for these reforms in the public 
spirit of the classes enfranchised by the Reform Act 
of 1832. 

There was a slight break in Bulwer’s career as a 
novelist between 1838 and 1847. During this interval 
he applied himself enthusiastically to play writing,— 
Macready’s management of Covent Garden haying 
inspired men of letters with the hope of reconciling 
poetry with the stage. In 1836 he had produced 7’he 
Duchess of La Valliere. It was a failure. But in 
1838 and the two following years he produced three 
plays which have kept the stage ever since—7he Lady 
of Lyons, Richelieu, and Money. In his plays as in his 
novels definite theory preceded execution. The prin- 
ciples on which he wrote his plays were laid down in 
his chapter on the drama in Lugland and the English. 
For many of the details of stavecraft, all-important 
to success under any principles, he is said to have been 
indebted to Macready. No Englishman not himself an 
actor has written so many permanently successful plays 
as Bulwer-Lytton, and this is another instance of his 
extraordinary plasticity of mind and practical insight. 
Thirty years afterwards, in 1869, he turned his 
thoughts again to writing for the stage, recast an old 
failure with a new title The Rightful Heir, and pro- 
duced a new comedy, Walpole. Neither was a success. 

From 1841 to 1852 Bulwer (he assumed his mother’s 
name of Lytton on succeeding to her estates in 1843) 
had no seat in parliament. But the issue of novels 
and romances was not so rapid as it had been in the 
full energy of his youth. Before 1849, when he 
opened a new vein with Zhe Caxtons, he produced 
five works in his familiar vein :—Night and Morning 
(1841, in which the influence of Dickens is traceable), 
Zanoni (1842), he Last of the Barons (1843, the 
most historically solid, and perhaps the most effective 
of his romances), Lucretia, or the Children of the 
Night (1847; moral purpose—to exhibit the horrors 
caused by the worship of money; popular effect—dis- 
gust at these horrors, and indignation at the author's 
sentiment as morbid), Harold, the Last of the Saxon 
Kings (1848). 

The cause of the comparative infertility of this 
period in prose fiction probably was that Lytton was 
now making a determined effort to win high rank as a 
poet. He published a volume of poems in 1842, a 
volume of translations from Schiller in 1844, The New 
Timon, a satire, in 1845.1 Then came the work on 
which mainly Lytton rested his pretensions, King 
Arthur, a romantic epic. ‘‘I am _ unalterably con- 
vineed,’’ he said. ‘‘ that on this foundation I rest the 
least perishable monument of those thoughts and 
those labors which have made the life of my lite.’’ 
But King Arthur fell flat. The verse, the six-lined 
stave of elegiac quatrain and couplet, lacks charm 
and variety; the incidents are monotonous, the per- 
sonages uninteresting, the plot unexciting, and the 
allegory obscure. St. \Stephen’s, a gallery of parlia- 
mentary portraits from the time of Queen Anne, was 
a kind of metrical composition that lay more within 
his powers. In this the satire is keen-edged, the ad- 
miration just and generous. It was published in 1860. 

1A feeble attack in the last on Mr. Tennyson’s poetry provoked 


a brusque but powerful reply from the enraged laureate, aimed 
at his assailant’s person. 
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The Lost Tales of Miletus (1866) and a translation of 
Horace’s Odes (1869) were Lytton’s last essays in 
verse. 

In the skill with which he sustained a new style in 
The Caxtons (1848) Lytton gave a more convincing 
proof of his versatility. This imitation of Sterne (by 
no means a servile imitation, rather an adaptation of 
Sterne’s style and characters to the circumstances of 
the 19th century) appeared anonymously in Lluck- 
wood's Magazine, and made a reputation before the 
authorship was suspected. My Novel (1853) and 
What will He do with It? (1858) continued in the 
same strain. The sub-title of Jy Novel, *‘ Varieties 
of English life,’’ shows still operative the same pur-’ 
pose that we find in Pelham, but the eriticism of the 
‘*Varieties’’? is more polemical in spirit. ‘There is 
more than a shade of defiance in his praise of the vir- 
tues of a territorial aristocracy, and a strong spice of 
hostility to the vulgarities of the manufacturers who 
threatened to push them from their stools. ‘There is 
a blindness to defects in the one case and to merits in 
the other quite foreign to the broad sympathies of the 
dandy Pelham; Caxton paints the ideal best of the 
one class and the ideal worst of the other. In these, 
as in all Lytton’s novels, the characters are placed on 
the stage and described; they are not left to reveal 
themselves gradually in action. 

Lytton returned to parliament in 1852 as membe 
for Hertfordshire, and sat on the Conservative side. 
Karly in life he had decided in his mind against the 
reduction of the corn duties, and, unchanged in 1851, 
he addressed a ‘‘ Letter to John Bull,’’ enlarging on 
the dangers of their repeal. Incapable of failure in 
any intellectual exercise that he set his mind to, he 
was an effective speaker; but the effort was against 
nature; he could speak only under extreme excite- 
ment or after laborious preparation, and he never took 
a high place among parliamentary orators. He was 
colonial secretary in ae Derby’s Government from 
1858 to 1859, and threw himself industriously into the 
duties of his office. He was raised to the peerage as 
Baron Lytton in 1866. 

That he had not forgotten his power of moving the 
sense of melodramatic and romantic mystery when he 
adopted the more subdued style of The Caatons, Lyt- 
ton proved by A Strange Story, contributed to All 
the Year Round in 1862. <A serial story of the kind 
made a new call on his resources, but he was equal to 
it, and fairly rivalled the school of Dickens in the art 
of sustaining thrilling interest to the close. 

When he died, in January, 1873, after a short pain- 
ful illness, two works of high repute, The Coming Race 
and The Purisians, were not acknowledged, and were 
only vaguely suspected to be his. They had freshness 
enough to be the work of youth, and power enough to 
shame no veteran. These two books, the fable and 
the novel, are classed by Lytton’s son and successor in 
the title with the romance of Kenelm Chillingly, left 
completed at his death, as forming a trilogy, animated 
by a common purpose, to exhibit the influence of 
‘‘modern ideas’’ upon character and conduct. The 
moulding force whose operation is traced in Whe 
Parisians is the society of imperial and democratic 
France, in Chillingly the society of England in rela- 
tion to its representative institutions. The leading 
purpose is kept well in view throughout both works, 
and the tendencies to corruption analyzed and pre- 
sented with admirable skill; but the theorist has 
omitted from his problem certain important regenera- 
ting and safeguarding factors in the large world out- 
side the pale of society. Problems and theories apart, 
these last works show no falling off of power; he is 
ag vivid as ever in description, as fertile as ever in the 
invention of humorous and melodramatic situation. 
If he had been content to abandon his purpose in 
Chillingly, and end with the first volume by some 
such commonplace contrivance as giving ‘ motive 
power’’ to his hero in the love of Cecilia Travers, it 
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would have been the most perfect of his works in 
unity of humorous sentiment. The veteran author 
died in harness,—two novels all but completed; 
another, an historical romance, Pausanias the Spar- 
tan, outlined and partly written. 

The fact that in the fiftieth year of his authorship, 
after ee ing at least fifty separate works, most of 
them popular, Lord Lytton had still vigor and fresh- 
ness enough to make a new anonymous reputation 
with The Coming Race would seem to indicate that 
critics had not fairly gauged his versatility, and also 
that an erroneous fixed idea had been formed of his 
style. The explanation probably is that even after 
the publication of Zhe Caxtons he was thought of in 
connection with that school of melodramatic romance 
of which he was indisputably the leader, if not the 
founder, and that heavily loaded rhetorical style which 
was made ridiculous by his imitators. ‘‘ Every great ! 
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genius,’ one of his characters is made to say, ‘‘ must 
deem himself alone in his conceptions. It is not 
enough for him that these conceptions should be ap- 
proved as good, unless they are admitted as inven- 
tive.’’ Invention and originality are matters of de- 
gree, and, though no one can deny that Lytton pos- 
sessed great inventive powers, he did not put that 
individual stamp on his work without which no writer 
is entitled to a place in the foremost rank. He was not 
self-centred enough; he was too generally emulous to 
win the highest individual distinction. But his fresh 
ness of thought, brillianey of invention, breadth and 
variety of portraiture, gave him a just title to his 
popularity, and, with all allowance for superficial 
affectations, his generous nobility of sentiment made 
his influence as wholesome as it was widespread. 
(Ww. M.) 


M. 


THE letter M denotes a nasal sound, which varies 
« little, if at all, in different languages. 

Nasal sounds are produced as follows: The breath— 
turned into voice at its passage through the glottis— 
does not pass out wholly through the mouth. Part 
of it is diverted behind the soft palate, and so through 
the nostrils; the remainder passes through the mouth- 
cavity, and is there completely checked at some point 
of its course. When that check is taken away, we fear: 
not the sonant which would have been produced if all 
the breath had passed through the mouth, but a nasal 
varying in nature according to the part of the cavity 
where the check of the tongue or the lips has been ap- 
plied. There may be as many definite nasal sounds in 
any language as there are recognized classes of conso- 
nants, as guttural, palatal, dental, labial. In Sanskrit 
there were even five nasal sounds so clearly differen- 
tiated that each had a special symbol to denote it; the 
cerebral class of sounds (produced by turning the tip 
of the tongue slightly back against the middle of the 
palate) had its nasal as well as each of the four classes 
above mentioned. In English we have three sounds, 
but only two simple symbols, m and x; for the gut- 
tural nasal heard in sing, ete., we employ the digraph 
ng. Spanish has a palatal nasal. 

The nasal sound denoted by M is the labial nasal. 
It corresponds to the sonant b-sound: for each of them 
the lips are completely closed, and if no voice were 
diverted through the nostrils a b-sound only would be 
heard when the lips are opened; all the organs of the 
mouth are in exactly the same position for one sound 
as for the other, but, the soft palate being lowered, the 
voice is divided in its egress. Hence we see why a man 
who has a.cold pronounces m as 6; the voice cannot 
get through the nostrils, which are blocked up; it must 
therefore escape mainly or entirely through the lips, 
and so produce a b-sound. Therefore, instead of 
“talking through his nose,’’ as the phrase goes, such 
a person tries to talk through his nose, but cannot. 

he symbol M stands in enumeration for 1000. See 
ALPHABET. 
MAAS. See Meusr. 
* MABILLON, Juan (1632-1707), the learned and 
discriminating historian of the Benedictine order, was 
born at the village of Saint Pierremont, Champagne 
(now in the department of Ardennes), on November 
23, 1632. He received his early education from an 
uncle who held the post of village curé in the neigh- 
borhood, and afterwards he went to Rheims, where, in 
1653, he entered upon his noviciate in the Benedictine 


Abbey of Saint Remy, taking the vows in the follow- 
ing year. The following four years were spent at vari- 


ous houses of the order, to which he was sent on ac- 
count of his health, impaired by excessive study. From 
1658 to 1663 he was at Corbie, and in 1664 he assisted 
Chantelon at Saint Denis in the preparation of a new 
edition of the works of St. Bernard. Shortly afterwards 
he was removed to Saint-Germain-des-Prés, and charged 
with the task of editing materials which had already 
been amassed for a general history of the Benedictine 
order. While engaged on this work (Acta Sanctorum 
ordinis S. Benedicti in sceculorum classes distributa), 
the publication of which, in 9 vols. folio, extended 
from 1668 to 1701, he made several journeys, for liter- 
ary research, into Germany and Italy, as well as into 
the provinces of France; amongst the more important 
of ue numerous monographs to which his inyestiga- 
tions gave rise, the work De Re Diplomatica, which 
appeared in 1681, deserves special mention (See Drp- 
LOMATICS). Mabillon died at Saint-Germain-des-Prés, 
on December 27, 1707. 


For a complete list of his works reference may be made 
to Bayle’s Dictionnaire, or to the Biographie Générale. They 
include, besides those mentioned above, Vetera Analecta, 
1675-85 (a work similar in character to the Miscellanea of 
Baluze); Animadversiones in Vindicias Kempenses, 1677 (in 
which he claims the Imitatio for Gerson) ; De Liturgia Galli- 
cana, 1685; Museum Italicum, 1687-89; and Annales Ordinis 
S. Benedicti, 6 vols. fol., 1703-39. 


MABINOGION. See Certic LireratuRE, vol. v. 
. 278. 
4 MABUSE. See Gossarr. 

MACAO (A-Ma-ngao, ‘‘ Harbor of the goddess A- 
Ma’”’; Portuguese Macaw), a Portuguese settlement 
on the coast of China, in 22° N, lat. and 132° K. long., 
consists of a tongue of land 13 square miles in extent, 
running south-southwest from the island of Hiang 
Shang (Portuguese, Angam) on the western side of the 
estuary of the Canton river. Bold and rocky hills about 
300 feet in height occupy both extremities of the pen- 
insula, the picturesque-looking city, with its flat-roofed 
houses painted blue, green, and red, lying in the far 
from level stretch of ground between. The forts are 
effective additions to the general view, but do not add 
much to the real strength of the place. Along the east 
side of the peninsula runs the Praya Grande, or Great 
Quay, the chief promenade in Macao, on which stand 
the governor’s palace, the administrative offices, the 
consulates, and the leading commercial establishments. 
The church of St. Paul, erected between 1594 and 
1602, the seat of the Jesuit college in the 17th century, 
was destroyed by fire in 1835. The Hospital da Miseri- 
cordia (1569) was rebuilt in 1640. Thc Camoens grotto 
—where the exiled poet found leisure to celebrate the 


126 


achievements of his ungrateful country—lies in a se- 
cluded spot to the north of the town, which has been 
partly left in its native wildness strewn with huge 
granite boulders and partly transformed into a fine 
botanical garden. In 1871 there were in Macao 5375 
persons of European birth or extraction, 53,761 Chinese 
living on land, and 10,268 in boats. Half-castes are 
very numerous. ‘Though most of the land is under 
garden cultivation, the mass of the people is dependent 
more or less directly on mercantile pursuits; for while 
the exclusive policy both of Chinese and Portuguese 
which prevented Macao becoming a free port till 1845- 
46 allowed what was once the great emporium of Ku- 
ropean commerce in eastern Asia to be outstripped by 
its younger and more liberal rivals, the trade of the 
place is still of very considerable extent. Since the 


middle of the century indeed much of it has run in the | 


most questionable channels: the nefarious coolie traffic 
gradually increased in extent and in cruelty from about 
1848 till it was prohibited in 1874, and much of the 
actual trade is more or less of the nature of smuggling. 
The total value of exports and imports was in 1876-77 
upwards of £1,536,000. _Commercial intercourse is 
most intimate with Hong-Kong, Canton, Batavia, and 
Goa. The preparation and packing of tea is the prin- 
cipal, industry in the town. ‘The colonial revenue, 
wich is largely recruited by a tax on the notorious 
gambling tables, increased from 104,643 dollars in 
1856-57 to 380,012 in 1872-73, while the expenditure 
rose from 69,757 to 266,344. 

In 1557 the Portuguese were permitted to erect factories 
on the peninsula, and in 1573 the Chinese built the wall 
across the isthmus which still cuts off the barbarian from 
the rest of the island. Jesuit missionaries established 
themselves on the spot, and in 1580 Gregory XIII. consti- 
tuted a bishopric of Macao. A senate was organized in 
1583, and in 1628 Jeronimo de Silveira became first royal 
governor of Macao. Still the Portuguese remained largely 
under the control of the Chinese, who had never surren- 
dered their territorial rights and maintained their author- 
ity by means of mandarins,—these insisting that even 
European criminals should be placed in their hands. Fer- 
reira do Amaral, the Portuguese governor, put an end to 
this state of things in 1849, and left the Chinese officials 
no more authority in the peninsula than the representatives 
of other foreign nations; and thougk his antagonists pro- 
cured his assassination (August 22d), his successors have 
succeeded in carrying out his policy. The Chinese Govern- 
ment has hitherto refused (notably in 1862) to recognize 
the territorial claims of the Portuguese; but the European 
powers treat Macao as de facto a colonial possession, and not 
only the governor, the president of the courts, and other 
Portuguese officials, but even the Chinese magistrates, are 
directly appointed by the king of Portugal. For a short 
time in 1802, and again in 1808, Macao was occupied by the 
English as a precaution against seizure by the French. 

See De Beauvoir Voyage Rownd the World, 1870; Wiselius, ‘‘ Ma- 
eausche toestanden,” in Tijds. van het Aardr. Gen., 1877; Relatorio 
e documentos sobre a aboligdo da emigragdo de Chinas contratados em 
Macau, Lisbon, 1874; English parliamentary papers on the coolie 
trade, 1874; Biker, Mem. sobre o estubelecimento de Macau, Lisbon,1879. 

MACARONI (from dialectic Italian maccare, ‘‘ to 
bruise or crush’’) is a preparation of wheat originally 
peculiar to Italy, in which country it is an article of 
food of national importance. The same substance in 
different forms is also known as vermicelli, pasta or 
Italian pastes, taglioni, fanti, etc. These substances 
are prepared from the hard semi-translucent varieties 
of wheat which are largely cultivated in the south of 
Europe, Algeria, and other warm regions, and which 
are distinguished by the Italians as grano duro or 
grano da semolino. Hard wheats are much richer in 
gluten and other nitrogenous compounds than the soft 
or tender wheats, and their preparations are more 
easily preserved, to which conditions their suitability 
for the manufacture of Italian pastes are mainly due. 
The various preparations are met with in the form of 
fine thin threads which constitute vermicelli, so called 
from its thread-worm like appearance, thin sticks and 
pipes (macaroni), small lozenges, stars, disks, ellipses, 
ete. (pastes), and ribbons, tubes, and other fanciful 
forms. These various forms are prepared ina uniform 
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manner froma granular meal of hard wheat which 
itself, under the name of semolina or semola, is a com- 
mercial article. The semolina is thoroughly mixed 
and incorporated into a stiff paste or Aongh with boil- 
ing water, and in the hot condition it 1s placed in a 
strong metallic cylinder, the end of which is closed 
with a thick disk pierced with openings which corre- 
spond with the diameter or section of the article to be 
made. Into this cylinder an accurately fitting plunger 
or piston is introduced, and by very powerful pressure 
it causes the stiff dough to squeeze out through the 
openings in the disk in continuous threads, sticks, or 
pipes, as the case may be. When pipe or tube maca- 
roni is being made, the openings in the disk are widened 
internally, and mandrels, the gauge of the tubes to be 
made, are centred in them. In making pastes the eyl- 
inder is laid horizontally, the end is closed with a disk 
pierced with holes having the sectional form of the 
pastes, and a set of knives revolves close against the 
external surface of the disk, cutting off the paste in 
thin sections as it exudes from each opening. Maca- 
roni is dried rapidly by hanging it in long sticks or 
tubes over wooden rods in stoves or heated apartments 
through which currents of air are driven. It is only 
genuine macaroni, rich in gluten, which can be dried 
in this manner; spurious fabrications made with com- 


mon flour and colored to imitate the true material will 


not bear their own weight. Imitations must therefore 
be laid out flat and dried slowly, during which they 
very readily split and break up, while in other cases 
they become mouldy on the inside of the tubes. True 
macaroni can be distinguished by observing the flat- 
tened mark of the rod over which it has been dried 
within the bend of the tubes; it has a soft yellowish 
color, is rough in texture, elastic, and hard, and breaks 
with a smooth glassy fracture. In boiling it swells up 
to double its original size without becoming pasty or 
adhesive, maintaining always its original tubular form 
without either rupture or collapse. It can be kept any 
length of time without alteration or deterioration, and 
it is on that account, in many circumstances, a most 
convenient as well as a highly nutritious and healthful 
article of food. In its various forms it is principally 
used as an ingredient in soups, and for the preparation 
of puddings, with cheese, ete. Many of the good 
qualities of genuine macaroni may be obtained by en- 
riching the flour of common soft wheat with gluten 
obtained in the preparation of wheaten starch, and 
proceeding as in the case of semolina. Such imita- 
tions, and others of inferior quality, are extensively 
made both in France and Germany. 

MACARTNEY, Grorcr Macartney, HARL or 
(1737-1806), was descended from an old Scotch family, 
the Macartneys of Auchinleck, who had settled in 
1649 at Lissanoure, Antrim, Treland, where he was 
born May 13, 1737. After graduating at Trinity Col- 
lege, Dublin, in 1759, he became a student of the 
Inner Temple, London. Appointed envoy-extraordi- 
nary to Russia in 1764, he succeeded in negotiating an 
alliance between England and that country. After for 
some time occupying a seat in the English parliament, 
he was in 1769 returned for Armagh in the Irish par- 
liament, in order to discharge the duties of chief sec- 
retary for Ireland. On resigning this office he received 
the honor of knighthood. in 1775 he became governor 
of Grenada, in ‘1780 governor of Madras, and in 1785 
he was appointed governor-general of Bengal, but, his 
health demanding his return to England, he declined 
to accept office. After being created earl of Macartney 
in the Irish peerage, he was appointed in 1792 the first 
envoy of Britain to Ghina. On his return from a con- 
fidential mission to Italy he was raised to the English 
peerage in 1796, and in the end of the same year was 
appointed governor of the newly acquired territory of 
the Cape of Good Hope, where he remained till ill 
health compelled him to resign in November, 1798. 
He died at Chiswick’ Surrey, 3lst March, 1806. 


An account of Macartney’s embassy to China, by Sir 
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George Staunton, was published in 1797, and has been fre- 
quently reprinted. See also Life and Writings of Lord Ma- 
cartney, by Barrow, 2 vols., London, 1807. 

MACASSAR. See CELEBEs, vol. v., p. 250. 

MACAULAY, Tuomas Basinaton MAcauLay, 
Lorp (1800-1859), was born at Rothley Temple, 
Leicestershire, on the 25th of October, 1800. His 
father, Zachary Macaulay, had been governor of Sierra 
Leone, and was in 1800 secretary to the chartered 
company who had founded that colony. Happy in his 
home, the boy at a very early age gave proof of a de- 
termined bent towards literature. Before he was eight 
years of age he had written a Compendium of Uni- 
versal History, which gave a tolerably connected view 
of the leading events from the creation to 1800, and a 
romance in the style of Scott, in three cantos, called 
the Battle of Cheviot. Ata little later time the child 
composed a long poem on the history of Olaus Mag- 
nus, and a yast pile of blank verse entitled Fingal, a 
Poem in Twelve Books. 

The question between a private and a publie school 
was anxiously debated by his parents, and decided in 
favor of the former. The choice of school, though 
dictated by theological considerations, was a fortunate 
one. Mr. Preston of Little Shelford enjoyed the con- 
fidence of Mr. Simeon, but was himself a judicious 
tutor; and at his table, where master and pupil dined 
in common, not only the latest Cambridge topics were 
mooted, but university ambitions and ways of thought 
were brought home to the boys. 

In October, 1818, young Macaulay went into resi- 
dence at Trinity College, Cambridge. Here he revelled 
in the possession of leisure and liberty, which he could 
not forego for the sake of’ those university honors which 
at that day were only to be obtained by a severely ex- 
clusive course of mathematical study. But he sue- 
ceeded in obtaining the prize which in his eyes was the 
most desirable that Cambridge had to give, viz., a 
fellowship at Trinity. A trifling college prize for an 
essay on the character of William ITI. was awarded to 
an essay by young Macaulay, which may be regarded 
as the first suggestion and the earnest of his future 
Listory. 

In 1826 Macaulay was called to the bar and joined 
the northern circuit. But after the first year or two, 
during which he got no business worth mention, he 
gave up eyen the pretence of reading law, and spent 
many more hours under the gallery of the House of 
Commons than in the court. His first attempt at a 
public speech, made at an anti-slavery méeting in 1824, 
was described by the Edinburgh Review as ‘a display 
of eloquence of rare and matured excellence.’’ His 
first considerable appearance in print was in No. 1 of 
Knight's Quarterly Magazine, a periodical which en- 
joyed a short but brilliant existence, and which was 
argely supported by Hton and Cambridge. In August, 
1825, began Macaulay’s connection with the periodical 
which was to prove the field of his literary reputation. 
The Hdinburgh Review was at this time at its height 
of power, not only as an organ of the growing opinion 
which leant towards reform, but as a literary tribunal 
from which there was no appeal. The essay on Milton, 
though so crude that the author said of it that ‘‘it 
contained scarcely a paragraph such as his matured 
judgment approved,”’ created for him at once a literary 
reputation which suffered no diminution to the last, a 
reputation which he established and confirmed, but 
which it would have been hardly possible to make more 
conspicuous. Murray declared that it would be worth 
the copyright of Childe Harold to have Macaulay on 
the staff of the Quarterly Review. Robert Hall, 
writhing with pain, and well-nigh worn out with dis- 
ease, was discovered lying on the floor employed in 
learning by aid of grammar and dictionary enough 
Italian to enable him to verify the parallel between 
Milton and Dante. The family breakfast-table was 
covered with cards of invitation to dinner from every 
quarter of London. 


-MACAULAY. 127 


The sudden blaze of popularity kindled by a single 
essay, such as are now produced every month without 
attracting any notice, is partly to be explained by the 
dearth of literary criticism in Hngland at that epoch. 
For, though a higher note had already been sounded 
by Hazlitt and Coleridge, it had not yet taken hold of 
the public mind, which was still satisfied with the 
feeble appreciations of the Retrospective, or the dash- 
ing and Le ie improvisation of Wilson in Black- 
wood or Jeffrey inthe Hdinburgh. Still, after allow- 
ance made for the barbarous partisanship of the estab- 
lished critical tribunals of the period, it seems surprising 
that a social success so signal should have been the 
consequence of a single article. The explanation is to 
be found in the fact that it had been discovered at the 
same time that the writer of the article on Milton was, 
unlike most authors, also a brilliant conyerser. There 
has never been a period when an amusing talker has 
not been in great demand at London tables; but at the 
date at which Macaulay made his début witty conver- 
sation was studied and cultivated as it has ceased to be 
in the more busy age which has succeeded. At the 
university Macaulay had been recognized as pre-eminent 
for talk and companionship among a circle of young 
men of talents so brilliant as were Charles Austin, 
Romilly, Praed, Villiers, and others. He now dis- 
played these gifts on a wider theatre. Crabb Robin- 
son's diary, under date 1826, records the judgment of 
one who had been in the constant habit of hearing the 
best talk of the London of his day. Such as he was 
in 1826, Macaulay continued to be to the end. In 
Lord Carlisle’s journal, under date 27th June, 1843, 
we read—"‘ Breakfasted with Hallam, John Russell, 
Macaulay, Everett, Van de Weyer, Hamilton, Mahon. 
Never were such torrents of good talk as burst and 
sputtered over from Macaulay and Hallam.’’ Again, 
11th October, 1849, ‘‘the evening went off very 
pleasantly, as must almost always happen with Macau- 
lay. He was rather paradoxical, as is apt to be his 
manner, and almost his only social fault. The greatest 
marvel about him is the quantity of trash he remem- 
bers.”” In March, 1850, Lord Carlisle records— 
‘* Macaulay’s flow never ceased once during the four 
hours, but it is never overbearing.’ 

Thus launched (1825) on the best that London had 
to give in the way of society, Macaulay accepted and 
enjoyed with all the zest of youth and a vigorous 
nature the opportunities opened for him. He was 
courted and admired by the most distinguished _per- 
sonages of the day. He was admitted at Holland 
House, where Lady Holland listened to him with defer- 
ence, and scolded him with a cireumspection which was 
in itself a compliment. Rogers spoke of him with 
friendliness, and to him with affection, and ended by 
asking him to name the morning for a breakfast party. 
He was treated with almost fatherly kindness by 
‘* Conversation ’’ Sharp. 

Thus distinguished, and justifiably conscious of his 
ereat powers, it was not unnatural that Macaulay’s 
thoughts should take the direction of politics, and his 
ambition aspire to a political career. But the shadow 
of pecuniary trouble. early began to fall upon his path. 
When he went to college his father believed himself to 
be worth £100,000, and declared his intention of makin 
him, in a modest way, an eldest son. But commercia 
disaster overtook the house of Babington and Macau- 
lay, and the son now saw himself compelled to work 
for his livelihood. His Trinity fellowship of £300 a 
year became of great consequence to him, but it ex- 
pired in 1831; he could make at most £200 a year by 
writing ; and a commissionership of bankruptey, which 
was given him by Lord Lyndhurst in 1828, and which 
brought him in about £400 a year, was swept away, 
without compensation, by the ministry which came 
into power in 1830. Macaulay now found himself a 
poor man, and was reduced to such straits that he had 
to sell his Cambridge gold medal. 

In February, 1830, the doors of the House of Com- 
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mons were opened to him in the only way in which a 
man without fortune could enter them, through what 
was then called a ‘‘ pocket borongh.’’ Lord Lans- 
downe, who had been struck by two articles on Mill 
(James) and the Utilitarians, which appeared in the 
Edinburgh Review in 1829, offered the author the seat 
at Calne. The offer was accompanied by the express 
assurance that the noble patron had no wish to inter- 
fere with his freedom of voting. He thus entered 
parliament at one of the most exciting moments of 
Hnglish domestic history, when the compact phalanx 
of reactionary administration which for nearly fifty 
years had commanded a crushing majority in the Com- 
mons was on the point of being broken by the growing 
strength of the party of reform. Macaulay made his 
maiden speech on 5th April, 1830, on the second read- 
ing of the bill for the removal of Jewish disabilities. 
In July the king died and parliament was dissolved ; 
the revolution took place in Paris. Macaulay, who 
was again returned for Calne, visited Paris, eagerly 
enjoying a first taste of Continental travel. On Ist 
March, 1831, the Reform Bill was introduced, and on 
the second night of the debate Macaulay made the 
first of his reform speeches. It was a signal success. 
Sir Robert Peel said of it that ‘‘ portions were as 
beautiful as anything I have ever heard or read.”’ 

Encouraged by this first success, Macaulay now 
threw himself with ardor into the life of the House 
of Commons, while at the same time he continued to 
enjoy to the full the social opportunities which his liter- 
ary and political celebrity had placed within his reach. 
For these reasons he dined out almost nightly, and 
spent many of his Sundays at the suburban villas of 
the Whig leaders, while he continued to supply the 
Edinburgh Review with a steady series of fa most 
elaborate articles. On the triumph of Earl Grey’s 
cabinet, and the passing of the Reform Act in June, 
1832, Macaulay, whose eloquence had signalized every 
stage of the conflict, became one of the commissioners 
of the Board of Control, and applied himself’ to the 
study of Indian affairs. His industry was untiring, 
and the amount of intellectual product which he threw 
off very great. Giving his days to India and_ his 
nights to the House of Commons, he could only de- 
vote a few hours to literary composition by rising at 
five when the business of the House had allowed of 
his getting to bed in time on the previous evening. 
Between September, 1831, and December, 1833, he fur- 
nished the /eview with the following articles :—‘‘ Bos- 
well’s Life of Johnson’’; ‘‘ Lord Nugent’s Hamp- 
den’”’; ‘‘ Burleigh and his Times’’; ‘‘ Mirabeau”’ ; 
‘* Horace Walpole’; ‘‘Lord Chatham”; besides 
writing his ballad on the Armada for one of the 
Albums, annual publications of miscellanies then in 
fashion. 

In the first reform parliament, January, 1833, Ma- 
caulay took his seat as one of the two first members for 
Leeds, which up to that date had been unrepresented 
in the House of Commons. He replied to O’Connell 
in the debate on the address, meeting the great agita- 
tor face to face, with high, but not intemperate, de- 
fiance. In July he defended the Government India 
Bill ina speech of great power, and to his aid was 
greatly due the getting the bill through committee 
without unnecessary friction. When the abolition of 
slavery came before the House as a practical question, 
Macaulay had the prospect of being placed in the 
dilemma of having to surrender office or to vote fora 
modified abolition, viz., twelye years’ apprenticeship, 
which was proposed by the ministry, but condemned by. 
the abolitionists. He was prepared to make the gac- 
rifice of place rather than be unfaithful to the cause 
to which his father had devoted his life. He placed 
his resignation in Lord Althorp’s hands, and spoke 
against the ministerial proposal. But the sense of the 

ouse was so strongly expressed as unfavorable that, 
finding they would be beaten if they persisted, the 
ministry gave way, and reduced apprenticeship to 
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seven years, a compromise which the abolition party 
accepted; and Macaulay remained at the Board of 
Control. 

While he was thus growing in reputation, and ad- 
vancing his public credit, the fortunes of the family 
were sinking, and it became evident that his sisters 
would have no provision except such as their brother 
might be enabled to make for them. Macaulay had 
but two sources of income, both of them precarious 
—office and his pen. As to office, the Whigs could 
not have expected at that time to retain power fora 
whole generation; and, even while they did so, Ma- 
caulay’s resolution that he would always give an in-. 
dependent vote made it possible that he might at an 
moment find himself in disagreement with his col- 
leagues, and have to quit his place. As to literature, 
he wrote himself to Lord Lansdowne (1833), ‘‘it has 
been hitherto merely my relaxation ; I have never con- 
sidered it as the means of support. I have chosen 
my own topics, taken my own time, and dictated my 
own terms. The thought of becoming a bookseller’s 
hack, of spurring a jaded fancy to reluctant exertion, 
of filling ese with trash merely that sheets may be 
filled, of bearing from publishers and editors what 
Dryden bore from Tonson and what Mackintosh bore 
from Lardner, is horrible to me.’’ Though penniless, 
Macaulay could never be accused of playing the game — 
of’ politics from selfish considerations. But it was im- 
possible that, cireumstanced as he was, he should not 
look with anxiety upon his own future and that of his 
| sisters,—sisters who had been, and who had deserved 
to be, the intimate confidantes of all his thoughts and 
doings, and to whom he was attached by the tenderest 
affection. He was therefore prepared to accept the 
offer which was made him of a seat in the supreme 
council of India, a body which had been created by 
the India Act he had himself been instrumental in 
passing. The salary of the office was fixed at £10,000, 
an income out of which he calculated to be able to 
save in five years a capital of £30,000. His sister 
Hannah accepted his proposal to accompany him, and 
in February, 1834, the brother and sister sailed for 
Calcutta. 

Macaulay’s appointment to India occurred at the 
critical moment when the government of the company 
was being superseded by government by the crown. 
His knowledge of India was, when he landed, but 
superficial. Butat this juncture there was more need 
of statesmanship directed by general liberal principles 
than of a practical knowledge of the details of Indian 
administration. Macaulay’s presence in the council 
was of great value; his minutes are models of good 
judgment and practical sagacity. The part he took in 
India has been described as ‘‘ the application of sound 
liberal principles to a government which had till then 
been jealous, close, and repressive.’’ He yindicated 
the liberty of the press; he maintained the equality 
of Europeans and natives before the law; and as 
president of the committee of public instruction he 
inaugurated that system of national education which 
has since spread over the whole of the Indian peninsula. 

A clause inthe Indian Act of 1833 occasioned the 
appointment of a commission to inquire into the juris- 
prudence of our Eastern empire. Macaulay was ap- 
pointed president of thatcommission. The draft of a 
penal code which he submitted became, after a revi- 
sion of many years, and by the labor of many ex- 
perienced lawyers, that criminal code under which law 
is now administered throughout the empire. Of this 
code Sir James Stephen says that ‘‘it-reproduces in a 
concise and even beautiful form the spirit of the law 
of England, in a compass which by comparison with 
the original may be regarded as almost absurdly small. 
The Indian penal code is to the English criminal law 
what a manufactured article ready for use is to the 
materials out of which itis made. Itis to the French 
Code Pénal, and to the German code of 1871, what a 
‘finished picture is to a sketch. It is simpler and bet- 
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ter expressed than Livingston’s code for Louisiana ; and 
its practical success has been complete.”’ 

s might be expected, Macaulay’s enlightened 
views and measures drew down on him the abuse and 
ill-will of Anglo-Indian society in Calcutta and the 
Mofussil. Fortunately for himself he was enabled to 
maintain a tranquil indifference to political detraction 
by withdrawing his thoughts into a sphere remote 
from the opposition and enmity by which he was sur- 
rounded, ven amid the excitement of his early par- 
liamentary successes literature had balanced politics 
in his thoughts and interests. Now in his exile, for 
such he felt it to be, he began to feel more strongly 
each year the attraction of Huropean letters and 
Huropean history. He writes to his friend Ellis, ‘ I 
have gone back to Greek literature with a passion 
astonishing to myself. I have never felt anything 
like it. I was enraptured with Italian during the six 
months which I gave up to it; and I was. little less 
pleased with Spanish. But when I went back to 
Greek I felt as if I had never known before what in- 
tellectual enjoyment was.’’ In thirteen months he 


read through, some of them twice, a large part of the | 


Greek and Latin classics. The attention with which 
he read is proved by the pencil-marks and corrections 
of press errors which he left on the margin of the 
volumes he used. 

The fascination of’ these studies produced their inevi- 
table effect upon his view of political life. He began 
to wonder what strange infatuation leads men who can 
do something better to squander their intellect, their 
health, and energy on such subjects as those which 
most statesmen are engaged in pursuing. He was 
already, he says, ‘‘more than fralf determined to 
abandon politics and give myself wholly to letters, to 
undertake some great historical work, which may be 
at once the business and the amusement of my life, 
and to leave the pleasures of pestiferous rooms, sleep- 
less nights, and diseased stomachs to Roebuck and to 
Praed.”’ 

In 1838 Macaulay and his sister Hannah, who had 
become Lady Trevelyan, returned to England. He at 
once entered parliament as member for Edinburgh. In 
1839 he became secretary of war, with a seat in the 
cabinet in Lord Melbourne’s ministry. His accept- 
ance of office diverted him for a time from prosecuting 
the plan he had already formed of a great historical 
work. But only fora time. In less than two years 
the Melbourne ministry fell, and Macaulay was liber- 
ated from having to support a Government wretchedly 
weak, and maintaining its struggle for bare existence. 

He returned to office in 1846, in Lord John Russell's 
administration. But it was in an office which gave him 
leisure and quiet rather than salary and power—that 
of paymaster-general. His duties were very light, and 
the contact with official life and obligations of parlia- 
mentary attendance were even of benefit to him while 
he was engaged upon his History. In the sessions of 

. 1846-47 he spoke only five times, and at the general 
election of July, 1847, he lost his seat for Hdinburgh 
upon issues which did not reflect credit upon that con- 
stitueney. Over and above any political disagreement 
with the constituency, there was the fact that the 
balance of Macaulay’s faculties had now passed to the 
side of literature. Lord Cockburn wrote in 1846, ‘The 
truth is, Macaulay, with all his knowledge, talent, elo- 

uence, and worth, is not popular. He cares more 


or his //istory than for the jobs of constituents, and | 


answers letters irregularly and with a brevity deemed 
contemptuous.’ At an earlier date he had relished 
crowds and the excitement of ever new faces; as years 
went forward and absorption in the work of composi- 
tion took off the edge of his spirits, he recoiled from 
publicity. He began to regard the prospect of busi- 
ness as worry, and had no longer the nerye to brace 
himself to the social efforts required of one who repre- 
sents a large constituency. 
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regret, but with a sense of relief. He gradually with- 
drew from general society, feeling the bore of big din- 
ners, and country-house visits, but he still enjoyed 
close and constant intercourse with a circle of the most 
eminent men that London then contained. At that 
time social breakfasts were in vogue. Macaulay him- 
self preferred this to any other form of entertainment. 
Of these brilliant reunions nothing has been preserved 
beyond the names of the men who formed them,— 
Rogers, Hallam, Sydney Smith, Lord Carlisle, Lord 
Stanhope, Nassau Senior, Charles Greville, Milman, 
Panizzi, Lewis, Van de Weyer. His biographer thus 
describes Macaulay’s appearance and bearing in con- 
versation: ‘‘ Sitting bolt upright, his hands resting on 
the arms of his chair, or folded over the handle of his 
walking-stick, knitting his eyebrows if the subject was 
one which had to be thought out as he went along, or 
brightening from the forehead downwards when 2 burst 
of humor was coming, his massive features and honest 
glance suited well with the manly sagacious sentiments 
which he set forth in his sonorous voice and in his 
racy and intelligible language. To get at his meaning 
people had never the need to think twice, and they 
certainly had seldom the time.’’ 

But, great as was his enjoyment of literary society 
and books, they only formed his recreation. In these 
years he was working with unflagging industry at the 
composition of his Z//story. His composition was slow, 
his corrections both of matter and style endless; he 
spared no research to ascertain the facts. He sacri- 
ficed to the prosecution of his task a political career, 
House of Commons fame, the allurements of’ society. 
The first two volumes of the //istory of England ap- 
peared in December, 1848. The success was in every 
way complete beyond expectation. ‘The sale of edition 
after edition, both in England and the United States, 
Was enormous. 

In 1852, when his party returned to office, he refused 
a seat in the cabinet, but he could not bring himself to 
decline accepting the compliment of a voluntary amende 
which the city of Edinburgh paid him in returning him 
at the head of the poll at the general election in July 
of that year. He had hardly accepted the summons to 
return to parliamentary life before he was struck down 
by the malady which in the end proved fatal. This first 
betrayed itself in deranged action of the heart; from this 
time forward till his death his strength continued 
steadily to sink. ‘The process carried with it dejection 
of spirits as its inevitable attendant. The thought op- 
pressed him that the great work to which he had de- 
voted himself would remain a fragment. Once again, 
in June, 1853, he spoke in parliament, and with effect, 
against the exclusion of the Master of the Rolls from 
the House of Commons, and at a later date in defence 
of competition for the Indian civil service. But he was 
aware that it was a grievous waste of his small stock 
of force, and that he made these efforts at the cost of 
more valuable work. 

In November, 1855, vols. ili. and iv. of the History 
appeared. No work, not being one of amusement, has 
in our day reached a circulation so vast. During the 
nine years ending with 25th June, 1857, the publishers 
(Longmans) sent out more than 30,000 copies of vol. 
i.; in the next nine years more than 50,000 copies of 
the same volume; and in the nine years ending with 
June, 1875, more than 52,000 copies. Within a gene- 
ration of its first appearance upwards of 140,000 copies 
of the History will have been printed and sold in the 
United Kingdomalone. In the United States no book 
except the Bible ever had such a sale. On the Conti- 
nent of Hurope, the sale of Tauchnitz editions was very 
large, a sale which did not prevent six rival transla- 
tions in German. The story has been published in 
the Polish, Danish, Swedish, Hungarian, Russian, 
| Bohemian, Italian, French, Dutch, Spanish languages. 
Vlattering marks of respect were heaped upon the 
author by the foreign Academies. His pecumary pro- 


Macaulay retired into private life, not only without fits were on a scale commensurate with the reputation 
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of the book: the check for £20,000 has become a land- 
mark in literary history. 

In May, 1856, he quitted the Albany, in which he 
had passed fifteen happy years, and went to live at 
Holly Lodge, then, before it was enlarged, a tiny 
bachelor’s dwelling, but with a lawn whose unbroken 
slope of verdure gave it the air of a considerable 
country house. In the following year (1857) he was 
raised to the peerage by the title of Baron Macaulay 

.of Rothley. ‘‘ It was,’’ says Lady Trevelyan, ‘‘ one 
of the few things that everybody approved ; he enjoyed 
it himself, as he did everything, simply and cordially.” 
It was a novelty in English life to see eminence which 
was neither that of territorial opulence nor of political 
or military services recognized and rewarded by eleyva- 
tion to the peerage. 

The distinction came just not too late. Macaulay’s 
health, which had begun to give way in 1852, was 
every year visibly failing; in May, 1858, he went to 
Cambridge for the purpose of being sworn in as high 
steward of the Borie to which office he had been 
elected on the death of Earl F.tzwilliam. When his 
health was given at a public breakfast in the town-hall, 
he was obliged to excuse himself from speaking on the 
eround of inability. His nephew, who was in attend- 
ance upon him on the occasion, records that ‘‘it was 
already apparent that a journey across Clare Bridge 
and along the edge of the great lawn at King’s, per- 
formed at the rate of $ mile in the hour, was an ex- 
ertion too severe for his feeble frame.’ In the Upper 
House he never spoke. Absorbed in the prosecution 
of his historical work, he had grown indifferent to the 
party politics of his own day. Gradually he had to 
aequiesce in the conviction that, though his intellectual 
powers remained to him unimpaired, his physical 
energies would not carry him through the reign of 
Aune; and, though he brought down the narrative to 
the death of William IIT., the last half volume wants 
the finish and completeness of the earlier portions. 

The winter of 1859 was very severe, and hastened 
the end. He died on 28th December, and on 9th 
January, 1860, was buried in Westminster Abbey, in 
Poet’s Corner, near the statue of Addison. 

Lord Macaulay was never married, A man of warm 
domestic affections, he found their satisfaction in the 
attachment and close sympathy of his sister Hannah, 
the wife of Sir Charles Trevelyan. Her children were 
to him as his own. Macaulay was a steadfast friend, 
and a generous enemy. No act inconsistent with the 
strictest honor and integrity has ever been imputed to 
him. When a poor man, and when salary was of con- 
sequence to him, he twice resigned office rather than 
make compliances for making which he would not 
have been severely blamed. In 1847, when his seat 
in parliament was at stake, he would not be persuaded 
to humor, to temporize, even to conciliate. He took 
a lofty tone, and haughtily rebuked the Edinburgh 
constituency for their bigotry. He hada keen relish 
for the good things of life, and desired fortune as the 
means of obtaining them; but there was nothing 
mercenary or selfish in his nature. When he had 
raised himself to opulence, he gave away with an open 
hand, not, seldom rashly. His very last act was to 
write a letter to a poor curate, inclosing a check for 
£25. The purity of his morals was not associated, as 
it not unfrequently is, with a tendency to cant, or 
parade of religious phrases. 


The lives of men of letters are often records of sorrow 
or suffering. The life of Macaulay was eminently happy. 
Till the closing years 1857-59, when his malady had begun 
to tell upon his strength, he enjoyed life with the full zest 
of healthy faculty, happy in social intercourse, happy in 
the solitude of his study, and equally divided between the 
two. For the last fifteen years of his life he lived for lit- 
erature, as none of our eminent men since Gibbon has 
done. His writings were remunerative to him far beyond 
the ordinary measure, yet he never wrote as the profes- 
sional author writes. He lived in his historical researches ; 
his whole heart and interest were unreservedly given to 
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the men and the times of whom he read and wrote. 
His command of literature was imperial. Beginning with 
a good classical foundation, he made himself familiar with 
the imaginative, and then with the historical, remains of 
Greece and Rome. He went on to add the literature of his 
own country, of France, of Italy, of Spain. He learnt 
Dutch enough for the purposes of his history. He read 
German, but for the literature of the northern nations he 
had no taste, and of the erudite labors of the Germans he 
had little knowledge and formed an inadequate estimate. 
The range of his survey of human things had other limi- 
tations more considerable still. All philosophical specula- 
tion was alien to his mind; nor does he seem aware of the 
degree in which such speculation has influenced the pro- 
gress of humanity. A large—the largest—part of ‘ecclesi- 


astical history lay outside his historical view. Of art he: 


confessed himself ignorant, and even refused a request 
which had been made him to furnish a critique on Swift’s 
poetry to the Ldinburgh Review. Lessing’s Laocoon, or 
Goethe’s criticism on Hamlet, “filled” him “with wonder 
and despair.” 

Of the marvellous discoveries of science which were 
succeeding each other day by day he took no note; his 
pages contain no reference to them. It has been told 
already how he recoiled from the mathematical studies of 
his university. These deductions made, the circuit of his 
knowledge still remains very wide,—as extensive perhaps as 
any human brain is competent to embrace. His literary 
outfit was as complete as has ever been possessed by any 
English writer; and, if it wants the illumination of phi- 
losophy, it has an equivalent resource in a _ practica) 


acquaintance with affairs, with administration, with the _ 


interior of cabinets, and the humor of popular assemblies. 
Nor was the knowledge merely stored in his memory ; it 
was always at his command. Whatever his subject, he 
pours over it his stream of illustration, drawn from the 
records of all ages and countries. “ Figures from history, 
ancient and- modern, sacred and secular; characters from 
plays and novels, from Plautus down to Walter Scott and 
Jane Austen; images and similes from poets of every age 
and every nation; shrewd thrusts from satirists, wise saws 
from sages, pleasantries caustic or pathetic from humor- 
ists——all these fill Macaulay’s pages with the bustle and 
variety of some glittering masque and cosmoramic revel of 
great books and heroical men. His style is before all else 
the style of great literary knowledge.” His Yssays are not 
merely instructive as history ; they are, like Milton’s blank 
verse, freighted with the spoils of all the ages. They are 
literature as well as history. In their diversified contents 
the Essays are a library by themselves; for those who, 
having little time for study, want one book which may be 
a substitute for many, we should recommend the Hssays in 
preference to anything else, . 
As an historian Macaulay has not escaped the charge o 

partisanship. He was a Whig; and in writing the history 
of the rise and triumph of Whig principles in the latter 
half of the 17th century he identified himself with the 
cause. But the charge of partiality, as urged against 
Macaulay, means more than that he wrote the history of the 
Whig revolution from the point of view of those who made 
it. When he is describing the merits of friends and the 
faults of enemies, his pen knows no moderation. He has 
a constant tendency to glaring colors, to strong effects, and 
will always be striking violent blows. He is not merely 
exuberant, but excessive. There is an overweening confi- 


dence about his tone; he expresses himself in trenchant 


phrases, which are like challenges to an opponent to stand 
up and deny them. His propositions have no qualifica- 
tions. Uninstructed readers like this assurance, as they 
like a physician who has no doubt about their ease. But 


a sense of distrust grows upon the more circumspect reader 


as he follows page after page of Macaulay’s categorical 
affirmations about matters which our own experience of 
life teaches us to be of acontingent nature. We inevitably 
think of a saying attributed to Lord Melbourne, “TI wish 
I were as cock-sure of any one thing as Macaulay is of 
everything.” Macaulay’s was the mind of the advocate, 
not of the philosopher; it was the mind of Bossuet, which 


admits no doubts or reserves itself and tolerates none in | 


others, and as such was disqualified from that equitable 
balancing of evidence which is the primary function of the 
historian. It was a fortunate circumstance that rhetoric 
so powerful was enlisted in the constitutional cause,—that 
Macaulay was, as he himself has said of Bishop Burnet, 
“a strong party man on the right side.” 

Macaulay, the historian no less than the politician, is 
always on the side of justice, fairness for the weak against 
the strong, the oppressed against the oppressor. But 
though a liberal in practical politics, he had not the 
reformer’s temperament. The world as it is was good 
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enough for him. The glories of wealth, rank, honors, 
literary fame, the elements of a yulgar happiness, made 
up his ideal of life. A successful man himself, every 
personage and every cause is judged by its success. “ The 
brilliant Macaulay,’ says Emerson, ‘who expresses the 
tone of the English governing classes of the day, expli- 
citly teaches that ‘good’ means good to eat, good to wear, 
material commodity.” Macaulay is in accord with the 
average sentiment of orthodox and stereotyped humanity 
on the relative values of the objects and motives of human 
endeavor. And this commonplace materialism is one of 
the secrets of his popularity, and one of the qualities 
which guarantee that that popularity will be enduring. 
Macaulay’s whole works have been collected by his sis- 
ter, Lady Charles Trevelyan, in eight volumes. The first 
four volumes are occupied by the IHistory; the next three 
contain the Lssays, and the Lives which he contributed to 
the Encyclopxdia Britannica. In vol. viii. are collected his 
Speeches, the Lays of Ancient Rome, and some miscellaneous 


pieces. His life has been written by his nephew, George | 
Otto Trevelyan (2 vols., London, 1878), and is one of the) 


best biographies in the language. 
MS. in the hands of his family. It is to be hoped that 
measures will be taken to secure this valuable record from 
the fate that has overtaken so many private diaries, and 
thus impoverished the sources of English history. (M. P.) 


MACAW, or, as formerly spelt, MAccaw.' the name 


given to some fifteen or more species of large, long- 


tailed birds of the Parrot Family, natives of the Neo- 
tropical Region, and forming a very well-known and 
easily-recognized group to which the generi¢ designa- 


some prefer for it Mucrocercus or Sittace. 
Macaws are remarkable for their gaudy plumage, which 
exhibits the brightest scarlet, yellow, blue, and green 
in varying proportion and often in violent contrast, 


His diary remains in) 


while a white visage often adds a very peculiar and | 
: - : 

expressive character.?- With one exception the known | 

extremely well known. If caged, their long tail-feathers 


species of Ara inhabit the mainland of America from 
Paraguay to Mexico, being especially abundant in 
Bolivia, where no fewer than seven of them (or nearly 


one half) have been found (Proc. Zool. Soc., 1879, p. | 


634). 
is one of the most brilliantly colored, and is peculiar to 
Cuba, where, according to Dr. Gundlach ( Ornitologia 
Cubana, p. 126), its numbers are rapidly decreasing, 
so that there is every chance of its becoming extinct.$ 

Tt will perhaps be enough here to dwell on the best 


known ose of the group, and first the Blue-and- 
yellow Macaw, A. ararauna, which has an extensive 


range in South America from Guiana in the east to 
Olom b a outhwards to araguay, 
Colombia in the west, and southwards to Paraguay 
Of large size, it isa bird to be seen in almost every 
zoological garden, and is very frequently kept alive in 
cae houses, for its temper is pretty good, and it will 
ecome strongly attached to those who tend it. Its 
richly-colored og 
common Hnelish name, has the additional recommen- 
-1 Thus Willughby, Ornithologia, p. 73 (1676); but an earlier form 
of the word is found in the “great blew and yellow Parrat called 
the Machao, or Cockutoon” of Charleton, Onomasticon, p. 66 (1668), Its 
derivation is shown by De Lact, who, in his description of certain 
Brazilian birds ae Orbis, ed. 1633, p. 556), has “inter alios [sc. 
Psittacos] excellunt magnitudine & pulehritudine, quos barbari 
Araras & Macaos yocant,” and again (loc. cit.) ‘Tertium locum 
meretur Ararwna vel Machao.” Webster, in his dictionary, says 
that Macaw, “written also Macoa," is ‘the native name in the 
Antilles,” but gives no authority for his statement, which, con- 
sidering that one West Indian island only is’ known to possess a 
Macaw (and that in that island the bird is known as Guacameyo), 
is very unlikely. Some of the older writers, Buffon (Oiseaux, v1. 
Pp, 278) for instance, say that Makavouanne was the name given by 
natives of Guiana to one species of Macaw found in that country, 
but the Antillean origin of the name cannot at present be accept- 


ed. 
2 This serves to ly the Macaws from the long-tailed Par- 
rakeets of the New World (Conwrus), to which they are very nearly 


‘allied. 


3% There is some reason to think that Jamaica may have former- 
ly possessed a Macaw (though no example is known to exist), and 
ih go it was most likely a peculiar species. Sloane (Voyage, ii. p. 
297), after describing what he calls the “ Great Maccaw” (A. arar- 
auna, to be spoken of above), which he had seen in captivity in 
that island, mentions the “Small Maccaw” as being very common 
in the woods there, and Mr. Gosse (Birds of Jamaica, p, 260) gives, 
on the authority of Robinson, a local naturalist of the last cen- 
tury, the description of a bird which cannot be reconciled with 
any species now known, though it must haye evidently been 


pit enee the Cuban A. tricolor, 


he single extra-continental species, A. tricolor, | 


pamage, sufficiently indicated by its | ) 
llands to the Culdees of Lochleven; and in 1050 he 


" 


| 
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dation of supplying feathers which are-eagerly sought 
by salmon-fishers for the making of artificial flies. 
Next may be mentioned the Red-and-blue Macaw, A. 
macao, which is even larger and more gorgeously 
clothed, for, besides the colors expressed in its ordinary 
appellation, yellow and green enter into its adornment. 
It inhabits Central as well as South America as far as 
Bolivia, and is also a common bird in captivity, though 
perhaps less often seen than the foregoing. The Red- 
and-yellow species, A. chloroptera, ranging from Pan- 
ama to Brazil, is smaller, or at least has a shorter tail, 
and is not quite so usually met with in menageries. 
The Red-and-green, A. militaris, smaller again than 
the last, is not unfrequent in confinement, and presents 
the colors of the name it bears. his has the most 
northerly extension of habitat, oceurring in Mexico and 
thence southwards to Bolivia. All the other species 
are comparatively rare ina reclaimed condition. Four 
of them, A. hyacinthina, A. lear’, A. glauca, and A. 
sptai, are almost entirely blue, while in A. manilatau 
and A. nobilis the prevailing color is green, and A. 
severa is green and blue. 

Asis the case with most Neotropical birds, very lit- 
tle is known of the life history of Macaws in a state of 
nature. They are said to possess considerable power 
of flight, rising high in the airand travelling long dis- 
tances in search of their food, which consists of various 


: t : kinds of fruits ; but of any special differences of habit 
tion Ara is usually applied by ornithologists, though | 
Most of the | 


we are wholly ignorant. The sexes appear in all cases 
to be alike in coloring, and the birds, though constant- 
ly paired, are said to live in companies. As with others 


‘of the Order Ps/ttac’, the nest is made in a hollow 


tree, and the eggs, asserted to be two in number, are 
white without any lustre. Ofthe habits of these birds 
in confinement it is needless to speak, as they are so 


are sure to suffer, but chained by the leg to a perch, 
Macaws seem to enjoy themselves as well as any cap- 
tive can, and will live for many years. 

In our present state of ignorance as to the best mode 
of classifying Parrots, it would be premature to hazard 
any guess as to the place occupied in the Order by the 
genus Ara. (A. N.) 

MACBETH, MacsetrHap, or MacsBepaA, son of 
Finnlaech, was king of Scotland from 1040 to 1057. 
He had previously been ‘‘mormaer’’ of Moravia or 
Moray; and his predecessor on the throne was Dun-, 
can, son of Crinan, and grandson of Malcolm, whom 


| he slew (according to some accounts at ‘‘ Bothgowan,”’ 
| said to have been near Elgin). 
'Gruoch, a descendant of the royal house. 


Macbeth’s wife was 
Of the 
events of his reign almost nothing is known. The 
ecclesiastical records of St. Andrews bear that he and 
his wife, ‘‘rex et regina Scotorum,’’ made over certain 


appears to have visited Rome, perhaps to obtain abso- 
lution for the murder of Duncan. The sons of Duncan, 
who had taken refuge with their uncle Siward, earl of 
Northumberland, brought about an invasion of Scot- 
land in 1054; a battle was fought at Dunsinnane with 
indecisive results, but three years afterwards Macbeth 
fell at Lumphanan in Aberdeenshire (August 15, 
1057). The war was continued for some time in the 
interests of a certain Lulach, the son of Queen Gruoch 
by a former marriage; but he too was slain in Strath- 
bogie in March, 1058, and Malcolm, the son of Dun- 
can, ascended the throne. 


See Skene, Cellic Scotland, vol. i. chap.8; and compare 
Burton (History of Scotland, vol. i. chap. 10 ad fin.), who gives 
special prominence to the circumstance that when the ge- 
nealogy of the Scottish kings is traced upwards the first 
break in the hereditary succession occurs when Macbeth is 
reached ; the break of continuity at this point becomes all 
the more prominent when it is found that the father of 
Macbeth’s successor had occupied the throne. “This had 
to be accounted for, and the easiest way was by treating the 
intruder as a ‘usurper.’ The loyal monks of the 15th cen- 
tury looked on a usurper with horror. Being so placed in 
the seat of political infamy, we have perhaps the reason 
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why so many events, natural and supernatural, came to 
cluster round the career of Macbeth.” 
that.Shakespeare’s only source for the tragedy of Macbeth 
was the Chronicles of Holinshed (derived from John of For- 
dun and Hector Boece). 


MACCABEES. The name Maccabee (MakkaBaioc) 
is properly and originally the distinguishing surname 
of Judas, son of Mattathias, the first great hero of 
the Jewish revolt against Antiochus Epiphanes. The 
source of the name is uncertain, but it is most natural 
to connect it with 3, ‘‘ hammer,”’ and so the Syriac 
writes the name withP not 5. Ewald _((Gresch., iv. 
403) is doubtless right in arguing from 1 Mae. vi. 43, 
etc., that the surnames of the sons of Mattathias were 
simply distinguishing epithets which they bore in 
ordinary life, and in this light ‘‘hammerman’’ 
appears as a natural surname enough, the occasion of 
which it would be vain to inquire into.! From Judas 
the name was in later times extended to the whole fam- 
ily, or to the party it represented, or even, as in the 
title of 3 Maccabees, to other contenders or sufferers 
for the faith of Israel in the Greek period. The more 
correct name of the family was Mee *Aol[a] 
apovaioe MNvTiND (Tem. Jon. on 1 Sam. ii. 4). 
According to Josephus, Ant., xii. 6, 21, this name is 
taken from Asamoneeus, the grandfather of Mattathias. 
Modern writers have suggested a connection with the 
town Heshmon (Josh. xv. 27) or with D'DWD, mag- 
nates, in Psalm Ixviii. 31 [32]. The history of the 
Hasmoneans is given in ISRAEL (vol. xiii. p. 431 sq.,); 
in the appended genealogical tables (after Schiirer) the 
dates are those of the death of each individual in years 
B.C, 

Mattathias (166). 


| 
| | | 
Judas Eleazar Jonathan 


John, Simon 
slain in the (135), (160), (163-2), (143). 
troubles 
after the 
death of 
Judas. 
John Hyrcanus I, 
(105), 
| | 
Aristobulus I. Alexander — Salome 


(104), Janneus (78) Alexandra (69). 


] 
Aristobulus IT. (49). 
| 


| 
Hyrcanus II. (30). 
| 


| 
Alexandra (28) if saewers (49). Antigonus (37). 


Aristobulus (35), 


eee (29), 
the wife of Herod, 

The chief authorities are 1 and 2 Maccabees (see next 
article) and Josephus. For details as to other sources see 
Schurer’s Neutestamentliche Zeitgeschichte, which gives also a 
good summary of the history. Of other works subsequent 
to Ewald’s Geschichte, vol. iv., it is enough to name Deren- 
bourg, Histoire de la Palestine (1867), and Wellhausen’s Phari- 
sder und Sadducter (1874). For the coins of the Hasmoneans 
see Madden, Coins of the Jews, 1881. 


MACCABERS, Booxs or. Two books of this name 
are included among the Apocrypha of the English 
Bible, as they had formerly been in the Vulgate, and 
were accepted as canonical by the council of Trent. A 
third book is usually included ‘in editions of the Sep- 
tuagint, andis found in common with books iv. and y. 
in the Syriac, but never took a place in Latin Bibles ; 
a fourth is found in some MSS. of the Septuagint (in- 
cluding the Sinaitic and Alexandrian—the Vatican 
does not contain the Maccabee books) and alsoin MSS. 
of Josephus, and has been printed in both connections. 

1 Maccabees was originally written in Hebrew, as 
appears, not only from the testimony of Jerome (Prol. 

1 One theory which has had much acceptance is that the name 
is made up of the initials of the first words of Exod. xy. 11. This 
is a pure guess, and requires the spelling 123) or °%33N found 
in the late work of Jos. ben Gorion, Equally unproved is the 
guess of S. J, Curtiss, resting on the Latin spelling Machabeeus, 


that the word is properly from 35, Isa. xliii.17,the “ quencher” 
or “ queller”’ (The Name Machabee, Leipsic, 1876). 


It is most probable | 


MACCABEES. 


Gal.), who had seen the Hebrew text, but from inter- 
nal evidence. Josephus, however, already used the 


| Greek,? and no trace of the Semitic original survives 


except the problematical title recorded by Origen (cp. 
Hus., H. E., vi. 25). The book gives the history of 
the national movement in Judea from the accession 
of Antiochus Epiphanes (175 B.c.) to the murder of 
Simon (135 B.c.), in a plain and honest style, and evi- 
dently from good information. When the book was 
written there already existed a history of the reign or 
high priesthood of John Hyrcanus, to which the author 
refers for the continuation of his narrative. ..On the 
other hand, the friendly tone in which he always speaks 
of the Romans seems to justify the inference that he 
wrote before 63 B.c.* 

2 Maccabees, covering the history from 176 B.C. to 
the victory over Nicanor (160 B.c.), is much inferior 
in value. It begins with two epistles which are cer- 
tainly forgeries, and then proceeds to the task of sum- 
marizing in one book the five books of a certain Jason 
of Cyrene on the war of liberation against Antiochus 
Epiphanes. The narrative is a useful supplement to 
that in the first book, but is not nearly so trustworthy, 
and can never claim the preference where the two are 
in conflict. Geiger has shown that in 2 Maccabees 
the history is colored and distorted by sympathy with 
the Pharisees, who became the bitter enemies of the 
Hasmoneans ( Urschrift und Uebers., book i. @ 4). 

3 Maccabees records a persecution of the Alexan- 
drian Jews by Ptolemy IV. Philopator, with the ulti- 
mate repentance of the tyrant. It 1s quite unhistorical, 
and the local feast of the Alexandrian Jews, of which 
it professes to explain the origin (vi. 36), is connected 
by Josephus (Cont. Ap., ii. 5) with an event that took 
place under Ptolemy Physcon. Ewald’s conjecture 
that the story contains a hidden reference to the em- 
peror Caius (Gresch., iv. 611 sq.) has found consider- 
able favor. It seems strange that this book should 
ever have found entrance in Christian circles. It had, 
however, considerable acceptance in the Eastern 
Church. 

4 Maccabees, also known by the title xepi aitoxpatopoc 
Aoyicuov, ‘fon the sovereignty of reason,’’ was ascribed 
to Josephus by Eusebius and Jerome. This opinion is 
now given up, and nothing certain can be said of its 
origin. Itis a not uninteresting specimen of a Jewish 
philosophical theme composed under Stoic mfluence. 
he author illustrates the sovereignty of pious reason 
over the passions by historical examples, and is thus 
led to give anecdotes from the time of the Maccabees. 


Fritzsche’s edition of the Apocrypha (1871) is the best, 
and contains the four books of Maccabees. Grimm/’s com- 
mentary on 1 Mac. appeared in 1853, on the other three 
books in 1857. There is also a commentary on 1 Mac. by 
Keil, 1875. On 4 Mac. there is an elaborate study by Freu- 
denthal, Die Fl. Josephus beigelegte Schrift Ueber die Herr- 
schaft der Vernunft, Breslau, 1869. For further literature 
see Schtirer, N T'liche Zeitgeschichte (1874), pp. 19, 650 sq., 
and his excellent article “Apokryphen ” in Herzog-Plitt, 
R.E., vol. i. An Arabic “Book of Maccabees,” giving a 
compend of Jewish history from the affair of Heliodorus to 


2 Such at least is the current view (see Grimm, p. xxviii. sq.). 
J. D. Michaelis in his German translation of 1 Mac. argued that 
Josephus used the original; and a modified form of this view, 
yviz., that he used an anonymous source resting on the original, 
has been put forth by Destinon (Quellen des Fl. Josephus, Kiel, 
1882). 

3 This title is usually given capB}O capBave dr, and the attempts 
at decipherment, none of which are satisfactory (see Grimm’s 
Com., p. xvii; Derenbourg, La Palestine, p.450 sq.), proceed from it. 
Heinichen, however, reads capB70 caBavaeA, on Overwhelming 
MS. authority, and in the Nitrian MS. used by Lagarde for his 
edition of the Syriac Apocrypha (cf. Wright’s Cat., i. 98), the title 


runs PS SYD NDI NI¥ AN PIPN|T Sapp sp 


$190. This seems to confirm Heinichen’s reading (jy and J 


being easily interchanged in Syrian MSS.). The sense may be 
“the prince of the house which God hath built up.” 

4 Ewald (Gesch. iv. 436) and before him Whiston conjectured 
that Josephus did not possess the last part of the book. Destinon 
(ut supra, p. 80 sq.) develops this conjecture, and believes that the 
book originally ended with the liberation of Judea under Simon, 
and that the interval between this book and the annals of Hyr- 
canus was filled up later. ; 
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the last part of Herod’s reign, is printed in the Paris and 
London Polyglotts. A so-called “Fifth Book of Macca- 
bees” is also contained in the great Ambrosian Peshito. 
It is in fact the sixth book of Josephus De Bello Judavco. 


MACCLESFIELD, a municipal and parliamentary 
borough and market-town of Cheshire, England, is sit- 
uated on a declivity near the borders of what is still 
known as the Macclesfield Forest, 17 miles south-south- 
east of Manchester, and 37 east-northeast of Chester. 
It consists of four principal streets, which meet in the 
market-place, and within the last twenty years has 
undergone great improvements. The old church of 
St. Michael, on the brow of the hill, was founded by 
Eleanor, queen of Edward L., in 1278, and in 1740 was 
ashe and greatly enlarged. The lofty steeple 

y which its massive tower was formerly surmounted 
was battered down by the parliamentary forces during 
the civil war. Connected with the church there are 
two chapels, one of which, Rivers Chapel, belonged to 
a college of secular priests founded in 1501 by Thomas 
Savage, afterwards archbishop of York. Both the 
church and the chapels contained several ancient 
monuments. Jor the free grammar school, originally 
founded in 1502 by Sir John Percival, and refounded 
in 1552 by Edward VI., a new building was erected in 
1856 at a cost of £3000. A commercial school was 
erected in 1840 out of the funds of the grammar school. 
Among the other public buildings are the town-hall in 
the Grecian style (1823-24), with a new frontage 
(1869-70), the union workhouse (1843-44), the county 
lunatic asylum (1868-71), and the infirmary (1872). 
The neighboring castle of the duke of Buckingham 
was the residence of Duke Humphrey in the 15th 
century. Originally the trade of Macclesfield was 
principally in twist and silk buttons, but this has been 
completely superseded by the manufacture of all kinds 
of suk. ‘he first mill for silk-throwing was opened in 
1756, and the manufacture of broad silks was intro- 
duced in 1790. Besides this staple trade, there are 
various textile manufactures and extensive breweries. 
The population of the municipal borough (3235 acres) 
in 1871 was 35,540, and of the parliamentary borough 
(3272 acres) 35,570. In 1881 the numbers were 
35,514 and 37,620. 


Previous to the Conquest, Macclesfield constituted a por- 
tion of the royal demesne of the earls of Mercia. At 
Domesday it was included in the earldom of Chester, and 
after the abolition of that jurisdiction it relapsed to the 
erown. In 1261 it was made a borough, and in 1678 it 
obtained incorporation from Charles II. It has returned 
two members to parliament since the first Reform Act, and 
its boundary was enlarged in 1868. 


M CLURE, Sir RosertJoun Le MEsurRIER (1807- 
1873), the discoverer of the Northwest Passage, was born 
at Wexford, January 28, 1807, and died in London, 
October 17, 1873. He was the posthumous son of one 
of Abercrombie’s captains, and spent his childhood 
under the care of his godfather, General Le Mesurier, 
hereditary governor of Alderney. Schooled in Arctic 
exploration by his service under Captain Back on board 
the ‘‘Terror,’’ he was first lieutenant of the ‘‘ Enter- 
prise”’ during the Franklin search expedition (1848-49), 
and in 1850 was placed in command of the expedition 
which, battling with the frozen sea for four years, 
succeeded in passing from ocean to ocean to the north 
of the American continent. M’Clure was knighted on 
his return, and received gold medals from the English 
and the French geographical societies. During the 
Canadian insurrections of 1836-38 he had performed 
some gallant exploits on the lakes,—om one occasion, 
in the eagerness of pursuit, infringing the territory of 
the United States; and between 1856 and 1861 he 
rendered good service in the Chinese war at the storm- 
ing of Canton, etc. His latter years were spent in a 

wet country life. He was appointed Commander of 
the Bath in 1859, and had attained the rank of vice- 
admiral on the retired list. See Admiral Sherard Os- 
born, Vhe Discovery of a Northwest Passage. 
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M’CRIK, THomas (1772-1835), was born at Dunse 
or Duns in Berwickshire, Scotland, November, 1772. 
He studied in Kdinburgh University, and thereafter 
in the divinity hall at Whitburn. In 1796 he was 
ordained minister of the Second Associate Congrega- 
tion, Edinburgh, the place of worship being in the Pot- 
terrow. 

At an early period in its history the Secession Church 
in Scotland had been divided by a controversy about 
the burgess oath into Burghers and Antiburghers; but 
towards the close of the century the Antiburgher 
Synod, to which M’Crie belonged, showed symptoms 
of a disposition to qualify adherence to the subordinate 
standards of the Church of Scotland on such points as 
the magistrate’s power circa sacra and national coye- 
nanting, and a new historical manifesto was prepared 
called The Narrative and Testimony, which was 
adopted as a term of communion by the general synod 
in 1804. M’Crie was one of those who protested 
against this departure, as they deemed it, from Seces- 
sion principles, and declining to acknowledge the 
jurisdiction of the synod, constituted themselves into 
a presbytery under the name of ‘“‘The Constitutional 
Associate Presbytery.’’ M’Crie was in consequence 
deposed by the Associate Synod, and his congregation 
withdrew with him to a place of worship in the south 
side of the town, in which he officiated to the close of 
his life. 

From the time of his settlement in Edinburgh, 
M’Crie devoted himself to historical investigations 
into the history, constitution, and polity of the churches 
of the Reformation; and the first ripe fruits of his 
study were given to the public in November, 1811, in 
the form of The Life of John Knox, containing illus- 
trations of the History of the Reformation in Scotland, 
which procured for the author the degree of D.D. from 
his alma mater, an honor conferred then for the first 
time upon a Scottish dissenting minister. At the 
solicitation of his friend Andrew Thomson, M’Crie 
became a contributor to The Hdinburgh Christian 
Instructor, and in three successive numbers for 1817 
he subjected Sir W. Scott’s Zales of my Landlord to 
a criticism which took the form of a Vindication of the 
Covenanters. Preserving the continuity of his historical 
studies, he followed up his first work with Vhe Life 
of Andrew Melville, 1819. Negotiations for union 
between the Burghers and Antiburghers resulted, in 
1820, in the formation of the United Secession Synod, 
and called forth from Dr. M’Crie Zwo Discourses on the 
Unity of the Church, her Divisions, and their Re- 
moval, in which what he considered to be the fallacious 
and unscriptural character of the plan for union adopt- 
ed by the United Synod is pointed out. Several of 
his former brethren among the Antiburghers, dissatis- 
fied with the union of 1820, had formed themselves 
into a separate synod, and between these and the Con- 
stitutional Presbytery a union was formed in 1827, the. 
uniting bodies assuming the name of the Associate 
Synod of Original Seceders, ‘of which branch of the 
Secession in Scotland M’Crie continued through the 
rest of his life the best known representative. In 1827 
he published a History of the Progress and Suppres- 
sion of the Reformation in Italy in the 16th century, 
and in 1829 a similar History of the Reformation im 
Spain. 

Great as was his absorption in historical research, it 
did not prevent his taking a lively interest in the lead- 
ing questions of the day; in pamphlets and on the 
platform he maintained his conyictions, not always 
popular, on such matters as Greek independence, 
Catholic emancipation, the ‘‘ Marrow’’ and ‘‘ Volun- 
tary’’ controversies, Irish education, and church patron- 
age. His evidence on the last-named matter before a 
committee of the House of Commons is contained in 
the parliamentary publications of 1834. ‘ 

The latest literary undertaking of M’Crie was a life 
of John Calvin, Although he had been gathering 
material for this project for several years, it was not 


Q 


till a late period of his life that, stimulated by the 
assistance of his son John, then in Geneya, he serious- 
ly addressed himself to the task. Only three chapters 
of the work were completed when the writer was struck 
down by apoplexy. He died on the 5th of August, 
1835. 

In addition to the works the titles of which have been 
already given, Dr. M’Crie published the following :—(1) The 
Duty of Christian Societies towards each other, a Sermon, 1797 
(afterwards suppressed by the author, now extremely 
scarce) ; (2) Statement of the Difference between the profession 
of the Reformed Church of Scotland and the Profession contained 
in the New Testimony adopted by the General Associate Synod, 
1807; (3) Free Thoughts on the late Religious Celebration of the 
Funeral of the Princess Charlotte, 1817; (4) Memoirs of Veitch 
and Brysson, 1825; (5) What Ought the General Assembly to do 
at the Present Crisis? 1833. The posthumous publications 
are—(1) Sermons, 1836; (2) Lectures on the Book of Esther, 
1838; (3) Miscellaneous Writings, 1841; (4) The Larly Years 
of John Calvin, a Fragment, 1880. 

An estimate of the services and a graphie description of 
the personal appearance of Dr. M’Crie are to be found in 
The Headship of Christ (pp. 77-129), and in My Schools and 
Schoolmasters (chap. xvi.), both by Hugh Miller. 

MACCULLAGH, James (1809-1846), one of the 
most elegant geometers of modern times, was born in 
1809, near Strabane, Ireland. After an exceptionally 
brilliant undergraduate career in Trinity College, Dub- 

‘lin, he was elected fellow in 1832. From 1832 to 1843 
he held the chair of mathematics; and during his ten- 


ure of this post, for which he was specially fitted, he | 


improved in a most marked manner the position of his 
university as a mathematical centre. In 1843 he was 
transferred to the chair of natural philosophy, for 
which he was not nearly so well qualified. Overwork, 
mainly on subjects beyond the natural range of his 


powers, induced mental disease; and he died by his) 
His Works have been published in | 


own hand in 1846. 
a collected form (Dublin University Press Series, 1880). 
Their distinguishing feature is the geometry,—which 
has rarely been applied either to pure space problems 
or.to known physical questions such as the rotation of 


a rigid solid or the properties of Fresnel’s wave-surface | 


with such singular elegance. In this respect his work 
takes rank with that of Poinsot. No higher praise 
could be given. One especially remarkable geometrical 


discovery of Maccullagh’s is that of the ‘‘ modular gen- | 


eration of surfaces of the second degree’’; and a note- 
worthy contribution to physical optics is his ‘‘ theorem 
of the polar plane.”’ i 

known subjects, were almost entirely tentative, were 
altogether madequate to the solution of the more pro- 


found physical problems to which his attention was | 


mainly devoted, such as the theories of double refrac- 
tion, of crystalline reflection, ete. Here not only are the 
utmost powers of analysis required, but also the highest 
physical knowledge; and in consequence Maccullagh's 
work was entirely overshadowed by that of contempor- 
aries, such as Cauchy and Green. See, on this point, 
Stokes’s ‘‘ Report on Double Refraction’? (B. A. Re- 
port, 1862). ‘The story of his later days painfully sug- 
gests the comparison of a high-bred but slight racer 
tearing itself to pieces in the vain endeavor to move a 
huge load, which a traction-engine could draw with ease 
and promptitude. He wasted, on problems altogether 
beyond his strength, powers of no common order, 
which, had they only been suitably directed, might 
have immensely extended our knowledge. Such, at 
least, is the estimate which we cannot avoid forming 
from a perusal of his published works. He had ‘‘ conical 
refraction’’ in his hand for years without knowing its 
value. The reader who wishes to see the other side of 
the question (Maccullagh represented as standing to 
Fresnel in the same relative position as Newton to 
Kepler) is referred to the Proceedings of the Royal 
Society, vol. v. p. 712 (1847). 

MACCULLOCH, Horatio (1805-1867), Scotch 
landscape painter, was born in Glasgow in 1805. An 
early friendship with Sir Daniel Macnee, and William 
Leitch, the water-colorist, was the means of turning 
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the lad’s attention to art, which he studied for a year 
under John Knox, a Glasgow landscapist of'some repute, 
with whom Macnee was apprenticed at the time. After 
leaving the studio of Knox, we find him engaged at 
Cumnock, painting the ornamental lids of snuff-boxes 
in the manufactory of the Messrs. Smith, and after- 
wards he was employed .in Edinburgh by Lizars, the 
engraver, to color the illustrations in Selby’s British 
Birds and similar works. Meanwhile he was diligently 
prosecuting his studies in higher walks of art, and 
working wnweariedly from nature, greatly influenced in 
his early practice by the water-colors of W. H. Williams, 
—‘* Grecian Williams”’ as he was called,—whose works | 
had a charm for the young painter after the drier and 
more elaborate method of his first master. Returning 
to Glasgow in some four or five years, he was employed 
by. Mr. Lumsden, the lord provost, on several large 
pictures for the decoration of a publi¢ hall which he 
had erected in St. George’s Place, and he did a little 
as a theatrical scene-painter in Kilmarnock and other 
provincial towns. About this time he was greatly 
impressed with a picture by Thomson of Duddingston, 
and upon the works of this artist, the greatest Scottish 
landscapist that had yet appeared, the art of Maccul- 
loch may be said to have been founded. Gradually he 
asserted his individuality, and formed his own style on 
a closer study of nature than had been possible to his 
predecessor, and his works form an interesting link of 
connection between the old world of Scottish landscape 
and the new. By its love of elaborate and balanced 
compositions, by its choice of noble and exceptional 
scenes, his art connects itself with that of sixty years 
ago; by its brilliant and varied coloring, by its care for 
detail, it differentiates itself from the quietude and the 
stately abstraction of the older landscape. In 1829 Mac- 
culloch first figured in the Royal Scottish Academy’s 
exhibition, with a View of the Clyde, and, year by year, 
till his death on the 24th of June, 1867, he was a liberal 
contributor to its displays. In 1838 he was elected a 


‘member of the Scottish Academy, and came to reside in 


Edinburgh, where his genial manners gathered around 
him a large and appreciative circle of the artists and 
litterateurs of the city. 

Among the more important of the long series of landscapes 
which he produced, subjects almost exclusively from Scot- 
tish scenery, may be mentioned—Moonlight Deer Startled, 
1840; Moor Scene, Sunset, 1841; A Dream of the Highlands, 


3ut his methods, which, in less | 1844; Inversnaid Ferry, Loch Lomond, 1847; A Highland 


Deer Forest, 1856; Ben Venue from Silver Strand, 1862; 
and Bothwell Castle, 1863. Several works by Macculloch 
were engraved by William- Miller and William Forrest, 
and a volume of photographs from his landscapes, with an 
excellent biographical notice of the artist by Alexander 
Fraser, R.S.A., was published in Edinburgh in 1872. 
MACCULLOCH, J oun (1773-1835), one of the most 
eminent geologists of his time, descended from the 
Maccullochs of Nether Ardwell in Galloway, was born in 
Guernsey, 6th October, 1773, his mother being a 
native of that island. Having displayed remarkable 
powers as a boy, he was sent to study medicine in the 
university of Edinburgh, took his diploma there, and 
entered the army as assistant surgeon. Attaching him- 
self to the artillery, he became chemist to the Board of 
Ordnance (1803), and thus began relations with the 
Government which materially affected his future career. 
He still continued, however, to practice for a time as a 
physician, and then resided at Blackheath. In the 
year 1811 he communicated his first papers to the 
Geological Society. They were devoted to an elucida- 
tion of the geological structure of Guernsey, of the 
Channel Islands, and of Heligoland. The evidence they 
afforded of his capacity, and the fact that he already 
had received a scientific appointment, probably led 
to his being selected by Government to make some 
geological and mineralogical investigations in Scot- 
land. He was asked to report upon stones adapted 
for use in powder-mills, upon the suitability of the 
chief Scottish mountains for a repetition of the pen- 
dulum experiments previously conducted by Maskelyne 
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and Playfair at Schichallion, and on the deviations of 
the plumb-line along the meridian of the Trigono- 
metrical Survey. In the course of the explorations 
necessary for the purposes of these reports he made 
extensive observations on the geology and mineral- 
ogy of Scotland. He formed also a collection of the 


mineral productions and rocks of that country, which | 


he presented to the Geological Society in 1814. At 


that time comparatively little had been done in the | 


investigation of Scottish geology. Finding the field so 
entirely his own, and so full of promise, he devoted 
himself to its cultivation with great ardor. 
earliest and most important labors was the examina- 
tion of the whole range of islands along the west of 
Scotland, at that time not easily visited, and present- 
ing many obstacles to a scientific explorer. The results 
of this survey appeared (1819) in the form of his Deserip- 
tion*of the Western Islands of Scotland, including the 
Isle of Man (2 vols. 8vo, with an atlas of plates in 4to), 
which forms one of the classical treatises on British 
geology. He continued to write papers, chiefly on the 
rocks and minerals of Scotland, and had at last gathered 
so large an amount of information that the Govern- 
ment was prevailed upon in the year 1826 to employ 
him in the preparation of a geological map of Scotland. 
From that date up to the time of his death he re- 
turned each summer to Scotland and traversed every 
district of the kingdom, inserting the geological fea- 
tures upon Arrowsmith’s map, which was the only one 
then available for his purpose. He lived to complete 
this great labor, and to prepare also a small volume 
explanatory of the map, but oe died before these were 
ublished in 1836. mong his other works the fol- 
owing may be mentioned :—<A Geological Classifica- 
tion of Locks, with Descriptive Synopses, comprising 
the Hlements of Geology, 1 vol. 8vo, 1821; The IHigh- 
lands and Western Islands of Scotland, in a series of 
letters to Sir Walter Scott, 4 vols. 8vo, 1824; A Sys- 
tem of Geology, with a Theory of the Earth and an 
Examination of its Connection with the Sacred Records, 
2 vols. 8vo, 1831. His versatility of acquirement was 
shown by the publication also of works on malaria, re- 
mittent and intermittent diseases, the art of making 
Wines, natural and revealed religion, besides numerous 
memoirs in various departments of natural history and 


antiquities. During a visit to Cornwall he was killed 
by being dragged along in the wheel of his carriage, 


21st August, 1835. 


Dr. Macculloch’s name will ever be regarded with honor 
as one of the pioneers of geology in Britain. Essentially a 
mineralogist and petrographer, he was the first to trace out 
with some approach to truth the general distribution of the 
various rock-formations of Scotland, His temperament un- 
_ happily led him to look with jealousy and mistrust upon 
the labors of some of his more illustrious contemporaries, 
and even to ignore them in his published writings. In 
particular he appears to have been irritated by the rapid 
advances made by paleeontological geology, and the inereas- 
ingly large place given to that department of the science, 
while his own favorite domain of minerals and rocks was 
proportionately neglected. His feelings of dissent were 
strongly expressed in the posthumous memoir to accom- 
pany his map of Scotland ; but their bitterness may in part 
be attributed to the influence of failing health. Much hos- 
tile criticism was expended on his description of the man- 
ners and customs of the Highlanders, which were certainly 
amusing and picturesque, though sometimes his love of an 
effective period seems to have led him to exaggeration. 
The way in which he was appointed to conduct a geological 
survey of Scotland, unknown to the public bodies of that 
country, also led to considerable opposition. But the solid 
_ services rendered by Macculloch to the progress of geology 
must be regarded as far outweighing any objections that 
have been made to his literary work or peculiarities of 
character. 


M‘CULLOCH, Joun Ramsay (1779-1864), a dis- 
tinguished writer on political economy and statistics, 
-was born on Ist March, 1779, at Whithorn in Wig- 
townshire. His family belonged to the class of ‘‘ states- 
men,” or small landed proprietors. Having received 
his early education from his maternal grandfather, a 


One of his | 
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Scotch clergyman, he came to Edinburgh, and was for 
some time employed there as a clerk im the office of a 
writer to the signet. But, the Scotsman newspaper hay- 
ing been established at the beginning of 1817, M‘Culloch 
sent a contribution to the fourth number, the merit of 
which was at once recognized; he scon became con- 
nected with the management of the paper, and during 
1818 and 1819 acted as editor. Most of his articles in 
the Scotsman related to questions of political economy, 
and he delivered lectures in Edinburgh on that science. 
He now also began to write on subjects of the same 
class in the Edinburgh Review, his first contribution to 
that periodical being an article on Ricardo’s Prine/ples 
of Political Economy in 1818. Within the next few 
years he gave both public lectures and private instruc- 
tion in London on political economy, and had amongst 
his hearers or pupils many persons of high social posi- 
tion, and some who were important in the political 
world. In 1823 he was chosen to fill the lectureship 
established by subscription in honor of the memory of 
Ricardo. A movement was set on foot in 1825 by 
Jeffrey and others to induce the Government to found 
in the university of Edinburgh a chair of political 
economy, separate from that of moral philosophy, the 
intention being to obtain the appointment for M‘Cul- 
loch, This project fell to the ground; but in 1828 he 
was made professor of political economy in the London, 
University. He then fixed his residence permanently 
in London, where he continued his literary work, being 
now one of the regular writers in the Adinburgh Review. 
Indeed it appears from a letter of his to Maevey Napier 
in 1830 that he regarded himself, though Napier did 
not admit the justice of the claim, as entitled to be the 
sole contributor of economical articles to the Review. 
In 1838 he was appointed comptroller of Her Majesty’s 
Stationery Office ; the duties of this position, which he 
held till his death, he discharged with conscientious 
fidelity, and introduced important reforms in the 
management of the department. Sir Robert Peel, in 
recognition of the services he had rendered to political 
science, conferred on him a literary pension of £200 
per annum. He was elected a foreign associate of the 

nstitute of France (Academy of Moral and Political 
Sciences). He died, after a short illness, on 11th No- 
vember, 1864, in the seventy-sixth year of his age. To 
his personal character and social qualities very favor- 
able testimony is borne by those who knew him best. 
In general politics he always remained a Whig pure 
and simple; though he was in intimate relations with 
James Mill and his circle, he never shared the Radical 
opinions of that group. 


M‘Culloch cannot be regarded as an original thinker on 
political economy. He did not contribute any new ideas 
to that science, or introduce any noteworthy correction of 
the views, either as to method or doctrine, generally ac- 
cepted by the dominant school of his day. But the work 
he did must be pronounced, in relation to the wants of his 
time, a very valuable one. It was at an important crisis 
that he appeared in the field of economical discussion. The 
principles of free trade had been powerfully asserted before 
the public in the celebrated petition of the merchants of 
London, drawn up by Mr. Tooke and presented to parlia- 
ment. by Mr. Alexander Baring in 1820. Political economy, 
to which the bullion controversy had previously attractod 
much attention, was more and more engaging the minds 
of political writers and of statesmen. But the new views 
had to encounter fierce and sometimes unscrupulous opposi- 
tion. The Ldinburgh Review was the principal organ of the 
reformers, and was maintaining, when M’Culloch became 
a writer in it, an energetic warfare against the policy 
founded on the mercantile theory of wealth. Naturally en- 
dowed with strong sense and sagacity, and possessing a rare 
capacity for arduous and prolonged mental exertion, he 
threw himself, with the ardor of conviction, into the great 
struggle. There can be no doubt that his labors on the 
whole contributed largely to the diffusion of just ideas on 
the economic questions then under debate, and to the right 
| direction of the national legislation with respect to them. 
It must at the same time be admitted that his treatment 
of the subjects with which he dealt is not marked by 
‘any special breadth or elevation. He adopted too 
hastily the theoretic exaggerations of some of Smith’s 
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successors, and exhibited in full measure their habi- 
tual deadness, in the study of social questions, to all 
but material considerations. In his evidence before 
the parliamentary committee on the state of Ireland in 1825 
he stated opinions, afterwards more fully asserted in the 
Edinburgh Review, on the subject of Irish absenteeism, which 
tended to disgust persons of intelligence and right feeling 
with a science, which, as interpreted by him, seemed to lead 
to practical absurdities, and im other quarters had, it is 
to be feared, the effect of supplying a plausible excuse for 
carelessness on the part of the rich and great with respect 
to the inferior classes of society. These opinions could not 
be justified even on strictly economic grounds, as has since 
been shown by Longfield and Senior. M‘Culloch had in 
him an element of intellectual wilfulness or perverse self- 
assertion, compared by his friends and admirers to the 
despotic dogmatism of Johnson, which both in conversation 
and in his writings led him into the enunciation and 
defence of paradoxes; a notable, example of this is fur- 
nished by the obstinacy with which to the last, in the 
teeth of evidence, he clung to the doctrine of the impolicy 
of cheap postage. M‘Culloch was deficient in literary 
taste, and never attained any high degree of excellence in 
style. His expression is often slipshod, and a certain coarse- 
ness in his images sometimes throws an air of vulgarity 
over his pages. His name will probably be less perma- 
nently associated with anything he has written on economic 
science, strictly so-called, than with his great statistical 
and other compilations. His Dictionary of Commerce and 
Commercial Navigation and his Statistical Account of the 
British Empire—however they may be expanded and altered, 
as they have already been, in successive editions—will long 
remain imposing monuments of his extensive and yaried 
knowledge and his indefatigable industry. Another useful 
work of reference, also the fruit of wide erudition and 
much labor, is his Literature of Political Economy. Though 
weak on the side of the foreign literature of the science, it 
is very valuable as a guide to British writers, and, in 


any English book. 


The following is as complete a list of his publications as it has | 
been found possible to form :—An Essay on the Reduction of the | 


Interest on the National Debt, 1816; An Essay on the question of Reduc- 
ing the Interest on the National Debt, 1816; A Discourse on the Rise, 
Progress, Peculiar Objects and Importance of Political Leonomy, 
1824; the article POLITICAL Economy in the supplement to the 
6th edition of the ELneyclopedia Britannica, afterwards enlarged 
into The Principlesof Political Economy, with a Sketch of the Rise 
and Progress of the Science, 1830, and again 1843, 1849 (translated 
into French by Augustin Planche, 1551); Dictionary, Practical, 
Theoretical and Historical, of Commerce and Commercial Navigation, 
1832; Statistical Account of the British Empire, 1837; Dictionary, Geo- 
gran eee, Statistical, and Iistorical, of the various Countries, Places, 
and Natural Objects in the World, 1841-42 (several editions of the 
Jast three have since appeared, and the first two of them have 


been reprinted in the United States, and translated into foreign | 


languages) ; Statements illustrative of the Policy and probable Conse- 
nelle of the proposed Repeal of the existing Corn-Laws and the 
imposition tn their stead of a moderate Fixed Duty on Foreign Corn, 
1841; Memorandums on the proposed Importation of Foreign Beef and 
Live Stock, 1842; A Treatise on the Principles and Practical Influence 
of Taxation and the Funding System, 1845; The Literature of Political 
Economy, 1845; A Treatise on the Succession to Property Vacant by 
Death, 1848; Treatise on the Circumstances which Determine the Rate 
of Wages and the Condition of the Laboring Classes, 1851 (an earlier 
edition had appeared anonymously in 1826); Considerations on 
Partnership with Limited Liability, 1856; prefaces and notes to a se- 
lect collection, in 4 vols. of scarce and valuable economical tracts, 
ees at Lord Overstone's expense, 1856-59. He united in one 
volume (2d ed., 1859) a number of his minor Vreatises and Essays 
on Subjects connected with Economic Policy, many of which had 
appeared as articles in the Encyclopedia Britannica. He also 
printed, for private distribution amongst his friends, a catalogue 
of his library,—which contained a fine collection of books on his 
own special subjects,—adding critical and biographical notices. 
He had editedin 1828 Smith’s Wealth of Nations, with a life of the 
author, an introductory discourse, notes, and supplemental dis- 
sertations; this work he greatly enlarged and improved in the 
editions of 1838 and 1850. In 1846 he edited Ricardo’s works, 
with a notice of the life and writings of the author. (J. K. 1) 


MACDONALD, Ertenne-J acquss-J osepH-ALEX- 
ANDRE (1765-1840), duke of Taranto, and marshal of 
France, was born at Sancerre on November 17, 1765. 
His father came of an old Jacobite family, which had 
followed James II. to France, and was a near relative 
of the celebrated Flora Macdonald (1722-1790), the 
heroine whose courage and fidelity were at one critical 
period the sole means by which Prince Charles Ed- 
ward was enabled to elude his enemies after the defeat 
of Culloden in 1746. In 1784 Macdonald joined the 
legion raised by the second Marshal Maillebois to 
support the revolutionary party in Holland against the 
Prussians, and after it was disbanded he received a 
commission in the regiment of Dillon. On the break- 


MACDONALD. 


ing out of the Revolution, the regiment of Dillon 
remained eminently loyal, nearly all its officers emigrat- 
ing with the princes, with the exception of Macdonald, 
who was in love with a Mademoiselle Jacob, whose father 
was enthusiastic for the doctrines of the. Revolution, 
His love was successful, and directly after his marriage 
he was appointed aide-de-camp to General Dumouriez. 
He also distinguished himself at Jemmapes, and was 
promoted colonel in 1794. He refused to desert to the 
Austrians with Dumouriez, and as areward was made 
general of brigade, and appointed to command the 
leading brigade in Pichegru’s invasion of Holland. His 


knowledge of the country proved most useful, and he . 


was instrumental in the capture of the Dutch fleet by 
the French hussars. In 1797 he was made general of 
division, and transferred first to the army of the Rhine 
and then to that of Italy. When he reached Italy, 


'the peace of Campo Formio had been signed,* and 


General Bonaparte had returned to France ; but, under 
the direction of Berthier, Macdonald first occupied 
Rome, of which he was made governor, and then in 
conjunction with Championnet he defeated General 
Mack, and renclanouen the kingdom of Naples un- 
der the title of the Parthenopzean Republic. When 
Suwaroff invaded northern Italy, and was winning 
back the conquests of Bonaparte, General Macdonald 
collected all the troops in the peninsula and moved 
northward. With but 30,000 men he attacked, at the 
Trebbia, Suwaroff with 50,000, and after three days’ 
fighting, during which he held the Russians at bay, 
and gave time for Moreau to come up, he retired in good 
order to Genoa. . After this gallant behavior he was 


/made governor of Versailles, and acquiesced in, if he 
relation to its entire field, has not yet been superseded by | 


did not co-operate in, the events of the 18th Brumaire. 
In 1800 he received the command of the army in 
Switzerland which was to maintain the communications 
between the armies of Germany and of Italy. He car- 
ried out his orders to the letter, and at last, in the 
winter of ]1800-1, he was ordered to march over the 
Spliigen Pass. This achievement is fully described by 
Mathieu Dumas, who was chief of his staff, and is at 
least as noteworthy as Bonaparte’s famous passage of 
the Saint Bernard before Marengo, though followed 
by no such successful battle. On his return to Paris 
he married the widow of General Joubert, and was 
appointed French plenipotentiary in Denmark. Re- 
turning in 1805 he associated himself with Moreau, 
and incurred the dislike of Napoleon, who did not 
include him in his first creation of marshals. Till 
1809 he remained without employment, but in that 
year Napoleon, hard pressed at Aspern, gave Mac- 
donald the command of a division in the army of the 
viceroy of Italy which was to march from Italy to his 
help. He led the arnty from Italy till its junction 
with Napoleon, and at Wagram commanded the attack 
on the Austrian centre which won the victory. Napo- 


| leon made him marshal of France on the field of battle, 


and presently created him duke of Taranto. In 1810 
he served in Spain, and in 1812 he commanded the 
left wing of the grand army for the invasion of Russia. 
After sharing in the battles of Liitzen and Bautzen, 
he was ordered to invade Silesia, where Bliicher de- 
feated him with great loss at the Katzbach. After 
the terrible battle of Leipsic- he was ordered with 
Prince Poniatowski to cover the evacuation of Leipsic, 
and after the blowing up of the bridge, he managed 
to swim the Elster, while Poniatowski was drowned. 
During the defensive campaign of 1814 Macdonald 
again distinguished himself, and was one of the 
marshals sent by Napoleon to take his abdication in 
favor of his son to Paris. When all were deserting 
their old master, Macdonald remained faithful to him. 
Macdonald was directed by Napoleon to give in his 
adherence to the new régime, and was presented by 
him with the sabre of Murad Bey for his fidelity. He 
was made a peer of France at the Restoration, and 
haying once passed his word to the new order of things, 
remained faithful during the Hundred Days. In 1816 
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MACDONALD—MACEDONTIA. 


he became chancellor of the Legion of Honor, a post 
he held till 1831, and took a great part in the discus- 
sions in the House of Peers. In 1823 he married 
Mademoiselle de Bourgony, and at last had a son, 
Alexander, who succeeded on his death in 1840 as duke 
of Taranto. rom 1830 his life was spent in retire- 
ment at his country place Courcelles. 


Macdonald had none of that military genius which dis- 
tinguished Dayoust, Masséna, and especially Ney, nor of 
that military science couspicuous in Marmont and St. Cyr, 
but nevertheless his campaign in Switzerland gives him a 
rank far superior to such mere generals of division as 
Oudinot and Dupont. This capacity for independent com- 
mand made Napoleon, in spite of his defeats at the Trebbia 
and the Katzbach, trust him with large corps d’armée till 
the end of his career. As aman, his character cannot be 
spoken of too highly; no stain of cruelty or faithlessness 
rests on him. He retained always the frank honor of a 
soldier of fortune; but he never forgot that he was a gen- 
tleman, or disgraced the new nobility of Napoleon by 
ridiculous pretensions. 

Macdonald was especially fortunate in the accounts of his 
military exploits, Mathieu Dumas and Ségur having been 
on his staff in Switzerland. See Dumas, Bvénements Mili- 
taires ; and Ségur’s rare tract, Lettre sur la campagne du Gén- 
éral Macdonald dans les Grisons en 1800 et 1801 (1802). Also 
neo. Pelet’s excellent Campagne de 1809, and Ségur’s [loge 

MACDONALD, Lawrence (1798-1878), sculptor, 
was born at Gask, Perthshire, Scotland, in 1798, and 
in early life served as a mason’s apprentice. Having 
shown an aptitude for stone carving, he went while 
still a youth to Edinburgh as an art student at the 
Trustees’ Academy, finding at the same time a good 
deal of occasional employment in carving coats of arms 
and other ornamental figures on the gateways or walls 
of country houses. By the help of friends he was 
enabled to visit Rome, whence, after a stay of two or 
three years, he returned to Edinburgh in 1826. During 
the next few years he executed a considerable number 
of commissions for busts, and also devoted a good deal 
of time to the designing of ideal subjects, in which 
branch of his art, however, the public interest was 
comparatively slight. From 1832 until his death on 
March 4, 1878, his home was in Rome; during the 
long period of forty-six years his chisel never rested, 
and the number of works that issued from his studio, 
chiefly in the department of portrait sculpture, was 
very great. Among his ideal works may be mentioned 
Ulysses and his Dog Argos, Andromeda chained to the 
Rock, Eurydice, Hyacinth, a Siren, and a Bacchante. 
His busts, while excellent as likenesses are remarkable 
for purity and dignity of style; and the ideal works 
are at once full of grace and carefully correct in form, 
design, and treatment. 

ACKDONIA, when that name is taken in its 
Plate ur, Widest signification, is the country between 
: ‘Thrace on the east and Illyria on the west, 
bounded on the 8. by Thessaly and the Hgean Sea, 
and on the N. by the lands which belong to the basin 
of the Danube. The most definite limit in its physical 
geography is that towards Illyria, where the Scardus 
range, which still bears the name of Schar, forms a 
continuous barrier between the two countries; on the 
side of Thessaly also, Mount Olympus and the Cam- 
bunian mountains constitute a well-marked frontier. 
In the other two directions its natural limits are less 
clearly defined. Towards the east, during the greater 
part of its history, the river Strymon was regarded as 
its proper boundary; but after the foundation of the 
-eity of Philippi it encroached on Thrace, and extended 
as far as the river Nestus, or even Mount Rhodope. 
With regard to the features of the country immedi- 
ately to the north of Macedonia a misconception long 
revailed, which has only of late years been dispelled 
vy geographical research. Owing to a misinterpretation 
of a passage in Strabo (vil. fragm. 10; cf vii. 5, 1), it 
was long believed that the country between the Danube 
and the Algean was divided in the middle by a lofty 
range of mountains, which formed a continuation of 
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the main chain of the Alps as far as the Euxine; and 
this mistake is perpetuated in many of our mapsat the 
present day. But since this district has been explored, 
first by Grisebach, and afterwards by Von Hahn, it has 
been known that along one important portion of this 
supposed line, directly to the north of Macedonia and 
southeast of the modern principality of Servia, the 
hills do not rise to any considerable elevation, and that 
affluents of the Margus (Morava), which flows into the 
Danube, and of the Axius (Vardar), which rung to the 
Kgean, rise close together in the upland plain of Kos- 
sova, the scene of the great battle in which the Servian 
monarchy was overthrown by Sultan Amurath I. in 
1389. ‘This watershed may be regarded as the northern 
boundary of Macedonia. But the extended limits 
which have here been given did not belong to the dis- 
trict that bore that name in early times. The original 
Macedonia was confined to the inland region west of 
the Axius, between that river and the Scardus moun- 
tains, and did not include the northern portion, which 
was known as Pzeonia, or the coast-land which, together 
with the eastern districts, was inhabited by Thracian 
tribes, and was regarded by the Greeks at the time of 
the Peloponnesian war as part of Thrace. The people 
of this country were not Hellenic, though its rulers 
ultimately succeeded in claiming that title for them- 
selves, at the time when Alexander I. was admitted as 
a competitor at the Olympic games. The same thing 
may be said of the land itself, the appearance of which 
presents many points of contrast to that of Greece 
proper. Instead of the delicate, bright, and varied 
scenery of that country, with its clear atmosphere and 
sharp outlines, we find in Macedonia broad masses of 
mountains, extensive sweeps of lowland, and uniformity 
of color. The climate of the inland regions also is 
severe, so that the cypress and other trees which flour- 
ish in Greece will not grow there. 

The river Axius divides Macedonia into two parts, 
the eastern of which resembles the neighboring country 
of Thrace in the irregularity of its surface; but in the 
western part there is a succession of valley-plains, gen- 
erally elevated themselves, though deeply sunk among 
the rocky walls that surround them. These lie under 
the flanks of Mount Scardus, and differ in a still more 
striking manner from the country of Illyria on the 
further side of that chain, which is made up of a 
number of irregular, and usually narrow, river-valleys, 
separated from one another by rugged mountains. The 
characteristics of these valley-plains are the well-de- 
fined basins in which they lie, their rich alluvial soil, 
and the river which waters each of them respectively, 
and in each case makes its exit through a narrow pas- 
sage, which is its only means of escape. ‘The northern- 
most and smallest of these is now called the Tettovo, 
and from it the main stream of the Axius issues. At 
the southern extremity of this a branch detaches itself 
from the Scardus, and bending southward forms an 
important secondary chain, which is continued until, 
under the name of Bermius, it approaches Mount 
Olympus. This branch, in the upper part of its range, 
forms the eastern boundary of the second and most 
important valley-plain, that of Pelagonia (now the 
plain of Monastir), from which the Hrigon (Czerna) 
forces its way to join the Axius. This plain, which is 
40 miles in length by 10 in breadth, and 1500 feet 
above the sea, was one of the primitive seats of the 
Macedonian race, and was suited for developing a hardy 
yet thriving population which might afierwards become 
agreat people. Here is laid the scene of the story of 
the foundation of the Macedonian monarchy, which 
Herodotus has related (viii. 137, 138). According to 
this, three brothers of the family of the Temenidze of 
Argos, having entered the service of the king of the 
country, and having been defrauded by him of their 
wages, made their escape in a romantic manner, the 
narrative of which contains numerous fabulous inci- 
dents, and ultimately conquered all Macedonia. The 
southern part of this plain was called Lyncestis, and 
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was the scene of the encounter between Brasidas and 
the Hlyrians, which Thucydides has described (iv. 124- 
28); the famous retreat of that general was made by 
the pass at its southeastern extremity. Between Lyn- 
cestis and the lowlands, near the coast, is a lake district 
of somewhat inferior elevation, which bore the name 
of Hordza. Again, to the southward of Pelagonia is 
another extensive plain, from which the Haliaemon 
(Vistritza) draws its waters; that river ultimately 
breaks through the Bermian range behind Berrhea 
(Verria), and flows into the Thermaic Gulf. The coast 
district between the Haliacmon and Olympus, as well 
as the sea-slopes of that mountain, formed Pieria, the 
original home of the Muses. The chief cities of Pieria 
were Pydna, where Perseus, the last king of Macedon, 
was defeated by the Romans, and Dium. From this 
neighborhood to the head of the Thermaic Gulf a vast 
maritime plain extended, which was intersected by the 
Lydias and the Axius, as well as the Haliacmon. 

The Scardus chain, which has been spoken of as 
separating Macedonia from Illyria, is the northern 
continuation of Pindus, and the two together form a 
well-defined backbone, which may be compared to the 
spina of an ancient circus. At its northern extremity, 
where it rises from the plain of Kossova, stands a lofty 
peak, which, to carry out the comparison, may be 
called the meta or goal of the circus. This summit, 
which reaches a height of between 7000 and 8000 feet, 
had no name in antiquity, but is now known by the 
Slavonic appellation of Liubatrin, or the ‘‘ Lovely 
Thorn.’’ The mountain wall: which starts from it 
presents a most imposing appearance from every point 
of view, and is broken through at only one point, 
where the river now called Devol, rising on its eastern 
side, divides it to its base as it flows to the Adriatic. 
Here the chain of Scardus ends, and that of Pindus 
commences. 
passes,—one near the headwaters of the Axius, be- 
tween the modern towns of Prisrend and Calcandele ; 
the other farther to the south, leading from the head 
of the Lacus Lychnitis (Lake of Ochrida) into the 
Pelagonian plain. At the southern end of this plain 
another chain diverges from Scardus, and takes an 


Northward of this it is crossed by two | 


easterly direction through Macedonia; in the region | 


between the Strymon and Nestus this was called 
Orbelus, and between it and the sea lies Mount Pan- 
geeus, which was famed for its gold and silver mines. 


The rivers of this country, notwithstanding that! 


they are larger than any that are found in Greece 


proper, can hardly be called navigable, though barges | 


are floated down them at the present day. The Axius, 
which is the most important, is celebrated by Homer, 


the valley in which it runs must always have formed a 
line of communication between the barbarous districts 
of the interior and the sea. The point of demarcation 
between the uplands and the lowlands is marked by 
the Stena, or, as it is now called, the Iron Gate 
(Demir Kapu) of the Vardar. 


Scardus and Orbelus ranges, and forms a deep ravine, 
through which it rushes in rapids for the distance of a 
quarter of a mile beneath steep cliffs that rise to the 
height of 600 or 700 feet above; and traces of groov- 


ings in the rocks are visible, where a passage has been | 


made in ancient times. At the point in its upper 
course where it receives its northern tributaries, and 
begins to bend towards the south, stood the town of 
Scupi, the name of which was changed by the Byzan- 
tines into Scopia, or ‘‘the look-out place,’”’ and has 
now been corrupted into Uskiub. The importance of 
this consisted in its neighborhood to the pass over the 
Scardus, by which the barbarian tribes to the west 
used to descend into the more level and fertile coun- 
try, and in its commanding the principal line of traffic. 
Between Scupi and the Stena, at the confluence of the 
Axius and the Hrigon, was Stobi, the ruins of which 


Here the river cuts | 
through at right angles the mountains that join the | 
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have recently been discovered by M. Heuzey, of the 
French “‘ Mission de Macédoine.’’ This town was in 
Roman times the meeting-point of four great roads— 
one from the Danube by Seupi; another from Sar- 
dica, near the modern Sophia, to the northeast; a 
third from Heraclea (Monastir) to the southwest; and 
a fourth from Thessalonica. The Strymon (Struma) 
follows a direction nearly parallel to the Axius in 
eastern Macedonia, and, after passing through the 
chain of Orbelus, enters the rich plain of Serrhee 
(Seres), and flows into the Lake of Prasias or Cereini- 
tis, shortly after emerging from which it reaches the 
sea. On the shores of the Lake Prasias were a nup- . 
ber of lacustrine habitations which Herodotus has 
described, corresponding in their general features to 
those of which so considerable remains have recently 
been discovered in Switzerland and elsewhere. At the 
point where the Strymon leaves the lake was built the 
Important town of Amphipolis, which was surrounded . 
on three sides by the river, thus occupying a very 
strong position. It was founded by the Athenians in 
437 B.c., and was valuable on account of its neighbor- 
hood to the mines of Pangzeus, and as furnishing a 
large supply of timber. Its port, at the mouth of the 
Strymon, was called Kion. The ancient capital of 
Macedonia, Aigee or Kdessa (Vodena), stood at the 
point where the passes from Lyncestis and Hordeea 
emerge into the lower country. Its situation seems to 
suggest dominion; for, while it has at its back all the 
resources of the richest districts, the view from it em- 
braces the wide maritime plain, the mighty mass of 
Olympus, and a portion of the Thermaic Gulf. The 
site, which Pen anies that of Tivoli, is one of extreme 
beauty, for below the level table of land on which the 
city is built the rock falls some 200 feet in steep pre- 
cipices, and the river which passes through it, a tribu- 
tary of the Lydias, divides into a number of smaller 
streams, which plunge at various points in cascades 
down the cliffs. When Philip of Macedon transferred 
the seat of government to Pella, Edessa continued to 
be the national hearth of the race, and the burial- 
place of their kings. Pella, the later capital, occupied 
a much inferior position, being on low hills at the edge 
of an extensive marsh in the middle of the maritime 
plain. This was naturally an unhealthy site, and its 
only strength lay in its swampy surroundings; so that 
its nearness to the sea must have been its chief recom- 
mendation. The place is now deserted, but the name 
of Pel is still cheated to its vicinity. In Roman times 
Thessalonica became the chief centre of these parts, 
which at all times it deserves to be, for it is admirably 


‘placed for purposes of communication and trade, as it 
on account of its fertilizing water, as ‘‘ the fairest | 

. ” Ce oi = | 
stream that flows in all the earth”’ (//., ii. 850), and, 


lies on the innermost bay of the Thermaic Gulf, and 
forms the natural point of transit for exports and im- 
ports. Its appearance recalls that of Genoa, from the 
way in which the houses rise from the water’s edge, 
and ascend the hill-sides behind. This city was the 
terminus of the Via Eenatia, the great Roman road 
which joined the Adriatic and the /4gean, and formed 
the main line of communication between the West and 
the East. Starting from Dyrrhachium, it threaded 
the defiles of Illyria, and, passing the Lacus Lychni- 
tis, crossed the Scardus by the southernmost of its two 
passes, which descends on Heraclea; thence it tra- 
versed Lyncestis and Kordeea, till it reached Edessa, 
and finally crossed the plain to Thessalonica. 

It remains to speak of the maritime district of 
Macedonia, called Chaleidice, which projects like a 
trident into the north of the Aigean between the 
Thermaie and Strymonic Gulfs. When seen on the 
map, it strikingly resembles the Peloponnese in minia- 
ture, from its three southern promontories, with deep 
intervening bays, and the massive breadth of ground 
from which these spring. ‘The resemblance is still 
further borne out in the form of the mountains and 
their vegetation ; and in most respects it corresponds 
so well to what the Greeks desired for their settle- 
ments that we cannot be surprised at finding its shores 
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name to the district; 


. held ever since. 
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fringed with Hellenic colonies. Several of these were 
founded from Chaleis in Kuboea, which city gave its 
but the important town of 
Potidzea was a Corinthian colony. ‘he most eastern 
of the three peninsulas, that of Acte, is far the high- 
est, and rises from its isthmus until it forms a steep 
central ridge which gradually attains the height of 
4000 feet, and finally throws up the vast conical peak 
of Mount Athos (6400 feet), The isthmus, which is 
about a mile and a half broad, still shows traces of 
the canal made by Xerxes for the passage of his fleet, 
in order to avoid the dangers of shipwreck on the 
rocks of Athos, which had destroyed the expedition 
of Mardonius. On the land side of the isthmus stood 
the city of Acanthus. Separated from Acte by the 
Singitic Gulf was the promontory of Sithonia, with 
the town of Torone; and still farther to the west, be- 
yond the Toronaie Gulf, was that of Pallene. The 
former of these, though of lower elevation than Acte, 
is intersected by a well-marked ridge; but the latter 
is almost level, and from the traces of volcanic action 
that are found there was called by the Greeks Phlegra, 
and was said to have been the scene of the conflict 
between the giants and the gods. On the southern 
side of Pallene were the towns of Mende and Scione, 
and its isthmus was occupied by Potidaea, near which, 
at the head of the Toronaic Gulf, stood Olynthus. ‘lhe 
Greek cities on this coast were a continual thorn in 
the side of the Macedonian monarchs, and caused 
them to take part against Athens during the Pelopon- 
nesian War. ‘The northern part of Chalcidice is 
mountainous, and beyond these mountains is a con- 
siderable depression, in which lies the Lake of Bolbe. 

Macedonia first comes into notice in history in the reign 


of Ainyntas (about 500 .c.) and in that of hisson Alexander, | 


who was king at the time of Xerxes’s invasion of Greece. 
But whatever historical interest attaches to it is due rather 
to the great empire which sprang from it than to the im- 
portance of the country itself. During the Peloponnesian 
War we notice it chiefly as it affects the principal contend- 
ing parties, but in the time of Demosthenes it attracts our 
attention as furnishing the keynote of the policy of that 
statesman, and being the proximate cause of the overthrow 
of Greek liberty. After the MACEDONIAN EmprIrr (q. v.) 
was subjected by the Romans in 168 B.c., the country was 
left with a nominal autonomy, but lost its national unity 
by being divided into four districts, which were separate 
from one another by rigid political and social limitations, 
Before long it was reduced to the form of a province, and 
this, at the division of the provinces in the time of Augustus, 
was, assigned tothe senate. Thenceforward it followed the 
fortunes of the Roman empire, and, after the partition of 
that dominion, of the eastern branch of it. In the time of 
Alarie it was frequently plundered by the Goths, and in 
the interval which elapsed between Justinian I. and Hera- 
clius a considerable part of it was colonized by Slavonians, 
During the prosperous period of the great Bulgarian 
monarchy in the 10th century a large portion of Macedonia 
was included in that kingdom. After that age extensive 
depopulation must have ensued, for in the 11th and 12th 
centuries colonies of various tribes of Asiatic origin—Uzes, 
Tarks, and Patzinaks—were established there by the 
emperors of Constantinople. In the partition of the 
Eastern empire, which followed the capture of that city by 
the Latins at the time of the fourth crusade, in 1204, Mace- 
donia was assigned to Boniface, marquis of Monferrat, who 
assumed the title of king of Saloniki. This kingdom in 
turn was brought to an end in 1224 by the Greek despot of 
Epirus, Theodore I., and by hima Greek empire of ‘Thessa- 
lonica was founded, which for a time seemed likely to be- 
come the heir of the Byzantine power, but afterwards was 
merged in that of Niczea, and on the recapture of Constan- 
tinople by Michael Paleeologus once more formed part.of a 
united Greek empire. In the latter half of the 14th cen- 
tury the greater part of Macedonia was in the possession 
of the Servians, whose kingdom was now at the height of 
its power; but before the middle of the 15th it had passed 
into the hands of the Ottoman Turks, by whom it has been 
At the present day the population of the 
inland part of the country is mainly composed of Bulgarian 
Christians, mixed with Turks, while the Greeks eecupy 
the coasts, the whole of Chalcidice, the plain of Seres, and 
some other districts. (Hi. FT.) 
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of the Greeks was drawn at an early time to the 
danger that the northern tribes might combine to 
invade the south. Sitalces, the king of Thrace, spread 
great alarm by an inroad during the Peloponnesian 
War, but the real peril ras from Macedonia rather 
than from Thrace. The Macedonians had been gradu- 
ally pushing their way down towards the coast, and, 
though Alexander I. was a vassal of Xerxes, the re- 
treat of the Persians, 478 B.¢., left those hardy tribes 
free. They were still in a primitive state, mountain 
shepherds, ill clothed and ill housed, many of them 
aed only in skins. ‘They wore the kausia or broad- 
brimmed hat; they ate and drank from wooden platters 
and cups; they differed little from what they had been 
when the first Perdiceas came to the country, when the 
king’s wife baked cakes with her own hand on the 
hearth. But the peasants were freemen, not serfs like 
the Penestee of Thessaly. It was still necessary for 
the young warrior to slay a foe before he could take 
his place in the tribe; and Cassander had to sit in- 
pionit of reclining at the banquet of his father Anti- 
pater, because he had not yet killed a wild boar. The 
drunken bouts at these banquets led to some of the 
deeds which are a blot on the fame of both Philip and 
Alexander. Theking held large domains, and had a 
choice body of ‘Seompanions’’ around him, but the 
warriors used much freedom of speech towards hin, 
and the chiefs could only be condemned by the as- 
sembled host; When, however, any one was thus con- 
victed of treason, his kindred were also put to death. 
Tf any blood guilt was incurred, a dog was cut in two 
and the soldiers passed between the halves laid out in 
the open air, that so they might be purified. There 
were still but few towns, or even strongholds, to which 
the people could fly when the Ilyrians came in over 
Mount Bermius from the west, or the Thracians across 
the Strymon from the east, or the Pxeonians down the 
river Axius from the north. The western tribes too 
were at this time being pushed onward into Mace- 
donia by a migration of the Gauls. Archelaus, son of 
Perdiceas L1., however, built forts, cut straight roads, 
and collected horses and arms. The cavalry of the 
richer landowners was good; but the foot soldiers were 
armed only with wicker shields and rusty swords. 
Archelaus also courted the friendship of leading 
Athenian statesmen, philosophers, and poets; and 
later on the Athenian general Iphicrates did essential 
service to the royal house. 

But the advance made by Archelaus, who died 399 
B.C., was almost lost before Philip Il. came to the 
throne, and the kingdom was reduced to a narrow dis- 
trict round Kdessa, shut out from the sea by Greek 
cities. Olynthus, the chief’ of these cities, had in the 
reign of Philip's father, Amyntas II., induced many 
places to make themselves independent of the king, 
but the jealousy of Sparta proyed fatal to the Olynthian 
confederacy, and destroyed what would have been a 
bulwark against the barbarians of the north (379). 

Philip himself had the best of all trainings, that of 
adversity. During the reign of his eldest brother 
Alexander II., Pelopidas took hostages for the fidelity 
of Macedonia, and among them was Philip, then about 
fifteen years old. He remained two or three years at 
Thebes, profiting by literary training, and above all by 
the living example of Kpaminondas, the ablest organ- 
izer and most scientific tactician of the age, who had 
trained the soldiers that broke through the Spartan 
line at: Leuctra. When Philip returned home, his 
brother Perdiecas ILI. entrusted him with the goyern- 
ment of a district, where he organized a force on the 
Theban model. On the death of Perdiccas, though he 
left an infant son Amyntas, Philip was called to the 
throne (359), for the reign of a child in an early state of 
society meansanarchy. Philip’s energy soon made itself 
felt. He fortified a new capital, Pella, safe amidst its 
lake-like marshes, from which he could act against the 
coast. Greece was at the moment completely disor- 
ganized, Sparta had lost, not only her supremacy over 
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the other Greek states, but the control over Messenia 
and Arcadia, which leant on Thebes for defence against 
her revenge. Thebes had incurred odium from her 
conduct towards the free cities of Boeotia, was at feud 
with Athens, and had a precarious hold over Phocis 
and Thessaly; while Thessaly itself, after the fall of 
the tyrants of Pherse, was a prey to internal feuds, 
Athens was the first to come into collision with Philip, 
owing to her holding possessions on the coast of Mace- 
donia and Thrace, whence she procured ship timber 
and naval stores. Philip had conciliated her for the 
time by withdrawing his troops from Amphipolis, her 
old colony in the bend of the river Strymon, while he 
was driving off the Ilyrians, and reducing the tribes 
to the west as far as the Lake Lychnitis. ut Athens 
was at this moment threatened by the revolt of her 
allies which led to the Social War, and so lost the 
chance of reoceupying Amphipolis while Philip was 
busied in the interior. The moment his hands were 
free, he retook the place, which was all-important to 
him, as ic was not only the most convenient maritime 
station in Thrace, but also threw open to him all the 
country east of the Strymon, and especially the gold 
region near Mount Pangzeus, the productive country 
facing the island of Thasos; and to secure his con- 
quests he founded a new city in the interior called 
Dhili ypi. His gold coins, struck on the Attic standard, 
soon iaeing well known, and even the early gold coins 
of distant Britain copied the types of the Macedonian 
money. He also took Pydna and Potideea, thus de- 
priving Athens of her hold on the Thermaie Gulf, 
while the occupation of Methone opened the way into 
Thessaly. Moreover, the Social War had not yet 
ended when the disastrous Sacred War began, which 
added religious to political enmity, and benefited only 
the aggressor from the north. The Amphictyonic 
League was called into activity to crush the Phocians, 
who in their despair seized Delphi, and by the use of 
its treasures collected troops enough to hold Thebes in 
check for some years. It was the misfortune of Greece 
that there “had arisen mercenary bands, like the con- 
dottieri of medizeval Italy, who hired themselves out 
to any one that would employ them. The citizens be- 
came more averse to service as civilization increased, 
and the work of war was now done by alien hands. 
Only a standing army could face the standing army of 
Macedonia, but the industrious and refined citizens 
naturally disliked continuous service, and it was long 
before even Demosthenes could arouse Athens to the 
necessity of the struggle. He was opposed by the old 
statesmen, by honest men such as Phocion (whose 
peace policy, however expedient after Cheeronea, was 
impolitic during most of Philip’s reign), and by others 
whom Philip had bribed—for he loved to ‘* plough 
with a silver plough-share.’’ The Sacred War gave 
Philip -a pretence for interfering on behalf of the 
Delphie god. He drove the Phocian mercenaries 
from Thessaly, incorporated the excellent Thessalian 
cavalry in his army, and gained a good naval position 
on the Gulf of Pagasee (Volo), the great inlet and out- 
let for the trade of the country. This also opened the 
way to Kubcea, for the possession of which, however, 
Athens struggled hard. It was on the Gulf of Pagasae 
that Demetrias was afterwards founded, which, with 
Chalcis and Corinth, became the ‘‘fetters of Greece.”’ 
Philip also laid a strong hand on Epirus, occupied 
Acarnania, won over the Aitolians by the gift of Nau- 

actus, and thus hemmed in Athens on the land side. 
Tt is true that, when he marched on Thermopylee, B.C. 
352, a sudden effort of the Athenians enabled them to 
reach the pass in time to arrest his progress, and save 
the Phocians for a while; but Philip had now a large 
seaboard, and he proceeded to increase his fleet, to ex- 
tend his dominion in Thrace on both sides of the He- 
brus, and secure it by the foundation of Philippopolis, 
Calybe, Beroea, and Alexandropolis, while the Greek 
colonies along the Euxine up to Odessus sought his 
alliance. There was worse to come, for Philip by the 


MACEDONLAN EMPIRE. 


year 347 had destroyed Olynthus and thirty-one other 
free cities in Chalcidice, and sold their inhabitants as 
slaves, a calamity such as had not happened since the. 
invasion of Xerxes. This struck terror into all the 
south country, and we find Isocrates, once the cham- 
pion of Panhellenic freedom, proclaiming Philip the 
arbiter of Greece, and advising him to use his power for 
the purpose of conquering Persia. He found himself 
bitterly deceived, and ‘‘ that dishonest victory at Chee- 
ronea, fatal to liberty, killed with report that old man 
eloquent.’’ The Thebans were still unwilling to com- 
bine with Athens, and even called in Philip to end the 
Sacred War. This gave him the command of Ther- 
mopylee, and the means of marching into Bosotia and 
Attica, while the destruction of the Phocians spread 
the terror still more widely. Philip now became the 
recognized religious leader of the Amphictyonic League, 
and began to interfere authoritatively in the Pelopon- 
nese. He was also preparing to master the Bosphorus 
and the Hellespont, the outlets from the Muxine into 
the /Agean, through which the main supplies of corn 
came from the country north of the Huxine to Athens, 
which therefore laid great stress on the possession of 
the Chersonese. Once again Athens gained a success 
when she sent Phocion to relieve Byzantium from his 
attack (339). The Greek cities began again to lean on 
her, and her trade increased owing to the destruction - 
of Olynthus by Philip, and of Sidon by the Persian 
king Ochus. The Greeks too began to see that Philip’s 
allies were being swallowed up one by one. Palip 
himself, when returning through the passes of Hzemus 
from an attack on the Scythian king, who ruled between 
the mountains and the Danube, suffered heavily from 
a surprise by the Triballi. But a second Sacred War 
against the Locrians of Amphissa, caused by Adschines’s 
troublesome activity, again brought Philip into the 
heart of Greece. He fortified Elatea in Phocis, and 
demanded a passage through Boeotia to attack Athens. 
On this Demosthenes won his greatest triumph, when 
he induced Thebes to join in the struggle for freedom 
and independence ; and, though the patriots were de- 
feated at Cheeronea, 338 B.c., yet their blood was not 
shed in vain; their example has told on all future 
time. Philip used his victory moderately, for he 
wished to leave Greece quiet behind him when he 
crossed into Asia to assail the great king. He garri- 
soned the citadel of Thebes, and demanded from Athens 
an acknowledgment of his leadership in the national 
war against Darius; and a congress at Corinth recog- 
nized him as its«hief, and arranged what contingents 
were to be sent from each state. His assassination in 
336, at the early age of forty-seven, hardly delayed 
the execution of the plan, for he was succeeded by 
Alexander, who combined the qualities of a king of the 
heroic ages with all that Greek training could give. 
Though the Macedonians had a dialect of their own, 
yet they had neither language for communicating with 
others nor any literature except what they derived 
from Greeks, and Philip had taken care to give his 
son even a better training than he had received him- 
self. Alexander was also as prompt and cruel as his 
father. He at once rid himself of his cousin and 
brother-in-law Amyntas and other kinsmen and pos- 
sible competitors for the throne, or persons otherwise 
dangerous. Then he dealt some heavy blows against 
the barbarians east, north, and west, some of whose 
chiefs he took for further security with him into Asia. 
He was just south of Lake Lychnitis, on the western 
side of the range of Scardus or Pindus, when the news 
reached him that the exiles had roused Thebes to 
arms, and were besieging his garrison in the Cadmeia 
or citadel. Striking through a cleft in the main range 
of mountains, through which the Devol flows, and 
marching south along the Haliacmon and over the 
Cambunian ridge, which joins Pindus to Olympus, he 
reached Boeotia in less than a fortnight, stormed 
Thebes, sold the citizens as slaves, and destroyed the 
place. The citadel alone remained as a Macedonian 
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fortress, until Cassander rebuilt the city. Amidst the 
general terror, Alexander thought it wisest to follow 
his father’s policy here also, and be content with his 
election as captain-general by the congress of Corinth. 

He left Antipater as regent, and at once crossed the 
Hellespont to Sestus in the spring of 334, before the 
Persian fleet was ready to intercept him, or the main 
Persian army had been embodied. What information 
had he as to the regions beyond the Taurus and be- 
yond the Tigris, and still more as to the great tableland 
of Asia extending from Persia to the Indus? He had 
the Anabasis of ‘Xenophon, and perhaps the Persian 
history of Ctesias, but he must have relied mainly on 
information derived from Greeks who had been in the 
Persian service, or who had traded in the interior. 
But he knew one thing for certain, that no force in 
Asia could resist Philip’s veteran army. Philip had 
formed the local battalions of militia into the phalanx, 
arrayed sixteen deep, and armed with long two-handed 
pikes (swrisse); and this steady body of pikemen, 
with the veterans in the front ranks, had borne down 
on the open plain of Cheeronea the resistance of the 
Greek hoplites, who were only armed with a much 
shorter spear. The phalanx was supported on the 
flanks by the light infantry of the guard (/ypaspists), 
by targeteers (peltasts) trained after the plan of Iphi- 
crates, by light lancers, and by a strong body of heavy 
cavalry, headed by the king’s companions, and fighting 
with the short thrusting pike. It was the charge of 
the cayalry led by Alexander in person, at the head of 
the ‘‘agema”’ or royal squadron, that decided all his 
battles. It seems strange, however, to us to hear that 
the men had neither saddles nor stirrups, nor were the 
horses shod. ‘he fine native army was largely rein- 
forced by barbarian archers, darters, and slingers, and 
by regiments of Greek mercenaries; and this sys- 
tematic combination of different arms and kinds of 
troops was supported by field and siege artillery of an 
improved type. Later on, when the main Persian 
army was broken up, Alexander added to the number 
of light troops, and made the regiments smaller and 
more flexible. Philip had moulded his country into a 
military monarchy, and turned the nobles into a caste 
of officers. All its strength was devoted to the one 
object of war, and it became for the time an overmatch 
for all its neighbors. On the other hand, Persia had 
deprived the subject peoples of national life and spirit; 
the retreat of the Ten Thousand had shown how use- 
less her native levies were, and now her defence rested 
almost entirely on a force of Greek troops under the 
able Rhodian general Memnon. ‘The Orientals fought 
mainly with missiles, and were little suited for close 
combat hand to hand. he Persian satraps, however, 
had around them some choice horsemen, armed with 
missile javelins and with scimitars; and they insisted, 
against Memnon’s advice, on fighting at the Granicus, 
which flows northward from Ida into the Propontis, 
but is everywhere fordable. A sharp cavalry action at 
the passage of the river (334 B.c.) gave Alexander all 
Asia Minor, and the completeness of his victory might 
seem to justify Livy’s saying that he ‘* did but dare to 
despise an empty show,”’ and the words attributed to 
his uncle, Alexander of Epirus, that he himself had 
found the men’s chamber in Italy while his nephew 
had found the women’s in Asia. he Greeks had 
long been conscious of their superiority. ‘‘ They 
might,’ said Aristotle, ‘‘ govern the world, could they 
but combine in one political society.’’ Agesilaus of 
Sparta and Jason of Phere had already planned the 
attack on Persia, and the liberation of the Asiatic 
Greeks ; and Alexander acted in the full consciousness 
that he was extending Greek rule and civilization over 
the Hast. At the news of the battle on the Granicus, 
Sardis surrendered. It was the centre to which all 
the routes converged, but Alexander did not (like 
Oyrus the younger) at once push on into the heart of 
the empire along the great road that led from Sardis 
to Susa. His object was to secure a firm base of opera- 


141 


tions, by oceupying the line of coast round the Augean, 
and forcing the Phoenician fleet in the Persian service 
to retire. ‘The Greek colonization of Asia Minor had 
prepared the way for him; the Greek cities along the 
western and southern coast threw open their gates, and 


Alexander restored their popular constitutions. He 
even recognized the Lycian confederation. Memnon 


was only able to organize a resistance at Miletus and 
Halicarnassus. But his real plan was to put troops on 
board his ships and raise Greece against the Mace- 
donian yoke, especially as the Athenian fleet was still 
more than a match for that of Alexander. But when 
Memnon died there was no one left to carry out this 
able plan, and Darius threw away his best chance by 
recalling the troops. Then Alexander marched up 
northwards from Lycia through Pisidia and Phrygia to 
Gordion on the Sangarius, whence the main road led 
east across the Halys and through Cappadocia to 
Cilicia, between the passes of Mount Taurus and those 
of Mount Amanus. Here Darius tried to throw his 
army across the Greek line of communication with 
their supplies, but his host, crowded together in the 
narrow ground on the river Pinarus near Issus, was 
hopelessly defeated. The modern name of the Gulf 
of Issus, ‘‘Iskenderun,’’ still preserves the memory 
of Alexander. Then Parmenio, Alexander’s second 
in command, pushed on and took Darius’s treasures 
and stores at Damascus. Again, however, Alexander 
deferred his march inland till he had mastered Phe- 
nicia and Kevpt, and so gained the command of the 
sea in the eastern basin of the Mediterranean. Only 
the brave freemen of two fortified cities, Tyre and 
Gaza, held out; and when the Phoenician and Cyprian 
fleet transferred its allegiance to the invader their only 
effective weapon was wrested from the hands of the 
Persians. he occupation of Cyprus and Egypt had 
been one of the boldest conceptions of the age of Peri- 
cles and Cimon, and its suecess would have secured 
the supremacy of Greek commerce. <As the Persians 
had persecuted the Egyptians for their worship of 
animals, Hgypt welcomed the deliverer, and recog- 
nized him as the son of Ammon; while the Greek 
colonies of Cyrene and its Pentapolis sent to tender 
submission. Alexandria was founded on the seaboard 
as a new centre of commerce, from which it was easy 
to communicate with the Government and with all 
parts of the empire. The protecting island of Pharos 
gave the means of forming two good harbors on a coast 
elsewhere harborless ; while Lake Mareotis, communi- 
cating by canals with the Nile, enabled produce to be 
easily brought down from the interior. 

At last the time was come for delivering the final blow 
to Persia. Alexander passed the Huphrates at Thap- 
sacus (‘‘the passage’’), and then marched northeast 
through the hilly country of Nisibis, to avoid the hot 
desert of Mesopotamia. He crossed the Tigris unop- 
posed, and defeated Darius’s hosts at Gaugamela. The 
long struggle of two hundred years between Greece and 
Persia was at an end. The victory converted Alexan- 
der.into the great king, and Darius into a fugitive pre- 
tender; and Babylon and Susa submitted. At Babylon 
Alexander sacrificed to the native gods, as he had done 
elsewhere, and this admixture of the religions of all 
countries largely influenced the later phases of heath- 
enism. ‘The priests recognized the Greek kings, and 
the later cuneiform inscriptions commemorate Scleucus 
and Antiochus. When Kuemerus’s view spread, that 
the gods were only deified men, a fusion of religions 
became still easier. The worship of the Sun-god and 
of Osiris, the god of the dead (especially under his 
Grecized form at Sinope as Serapis), extended far 
and wide. In administering these countries, Alex- 
ander separated the civil, military, and financial func- 
tions, and, where natives were left in office, entrusted 
taxation and military command to Macedonians. ‘The 
great power of the satraps had weakened the central 
government of Persia, and Alexander had adopted a 
wiser plan, but his generals restored the old system 
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after his death. The Persian treasures, dispersed by 
the conquest, gave a fresh stimulus to commerce, 
especially as Persia was rich in gold, which was scarce 
in the West. Alexander had already prepared the 
way for a universal currency by coining silver di- 
drachms and tetradrachms after the Attic standard, 
which became current coinage over most of the Hast; 
the Ptolemies, however, adopted the Phoenician stand- 
ard for Keypt. Up to this point the countries con- 

uered admitted of being more or less assimilated and 

ellenized ; but, when Alexander penetrated through 
the passes that led up to Persepolis in Persia, and 
thence to Ecbatana in Media, and again north to 
secure the defiles that led down to the Caspian, and so 


skirting the southern flank of the range of Hlburz to | 


Hecatompylus in Parthia, the centre of the roads lead- 
ing to Hyrcania (at the southeast of the Caspian), 
to Bactria, and to Ariana, and then from Kandahar 
northwards to Cabul, and through the mighty range 
of the Hindu-Kush to Bactria (Balkh) south of the 
Oxus, and Sogdiana (Bokhara) between that river and 
the Jaxartes, and at last as far as the Indus and the 
Punjab, his route lay through tribes that still possessed 
their native strength and power of resistance to foreign 
influence, though for the moment overborne by the 
superiority of the Western arms. Alexander saw the 
danger, and met it by settling Greek colonists in new 
cities which were to serve as military posts, depéts of 
commerce, and centres from which to Hellenize the 
country districts; and many of them are still impor- 
tant points in the East, though the desert has spread, 
and robber hordes have stopped some of the old cara- 
van routes. Such places are Merv, Herat, Kandahar, 
Cabul, Samarkand, Khojend. Bactria and Sogdiana 
were to serve as a frontier against the wild hordes of 
the north, and thus Alexander’s measures determined 
the fortune of Transoxiana for centuries. Some native 
rulers also were left to form a sort of barrier in front 
of the empire to the north and east. Alexander laid 
the main stress on securing the great rivers, the 
Euphrates and the Tigris, the Oxus and Jaxartes, the 
Indus and Hydaspes. In Greece itself the Macedo- 
nian kings upheld tyrants or oligarchies, but here 
freer municipal constitutions were allowed to attract 
colonists. Alexander further planned to fuse the 
noble Persian race with the Greeks by intermarriage, 
and by giving the Persians equal rights in the army and 
the administration. Common service in these was the 
best means for Hellenizing the natives. This was a more 
generous plan than Aristotle’s advice as to the way of 
ruling barbarians would have led to; but Alexander 
saw that the Eastern peoples were not barbarians like 
the Illyrians. ‘The culture of Kgypt reached far back ; 
the astronomy and art of Babylon could not be despised ; 
the religions of Persia and India afforded matter of in- 
terest to Greek inquiry. These lands of ancient ciy- 
ilization might teach as well as learn something from 
Greece. The Hastern nations responded to the touch, 
and Persian legend to this day preserves the name 
of Iskander among the names of their national heroes. 
Alexander’s conquests were to be justified by the result, 
by the union of Hast and West, and the diffusion of 
Western civilization over Asia. Even India should 
feel something of the new influence. Alexander would 
have made the nations into one. An old writer says, 
‘“The elements of the nations’ lives were mixed to- 
gether as in a love-cup, and the nations drank of the 
same cup, and forgot their old enmity and their own 
weakness’’ (Plut., De Fort. Alew., i. 6). There is, it 
is true, a reverse to the picture. The oppressive con- 
duct of many of the Macedonians thus suddenly put 
into power was an eyil omen of what might happen if 
their chief was removed ; and, if the East was becom- 
ing Hellenized, yet Alexander became in turn Oriental- 
ized. Could he remain a Western king and also an 
Oriental despot? a Greek anda Persian? It might be good 
policy, but Philip’s old generals could not hel showing 
their disgust, and Clitus and others paid for it with 
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their lives. The Greek states also felt the difference. 
Just before his death Alexander required them to 
worship him as a god, and without any regard to the 
rules agreed on at the congress of Corinth, forbade the 
federal meetings of the Acheans and Arcadians, and 
issued a decree restoring all exiles to the various states. 
Greece became practically a province of the Hastern 
empire, and the patriots who faa maintained the fight 
for freedom were more than justified by the ruin that 
came on Greeée through Alexander’s successors. Hyven 
if he himself had not been spoilt by suecess and abso- 
lute power, yet he was but a lucky accident. And 
though the Hellenizing influence spread over much of . 
the East in a way to which there has been but one 
parallel, the mixture of German and Roman elements 
when the barbarians invaded the empire, yet Alexan- 
der’s conquests, while they Hellenized Asia, tended to 
Asiatize Hellas; they put an end to the genuine Hel- 
lenic spirit, to its productive genius and consummate 
literary and artistic excellence as well as to its political 
freedom. The New Comedy shows how national life 
and public interests had died out; with all its fine 
psychological analysis it does but dwell on the charac- 
ters and situations of daily life and purely domestic 
feelings. But the braggart soldier is now a common 
character in the play, and slavery plays a greater part 
than ever. Last of all, Alexander marched along the | 
Cabul river, and through the pass of Jelalabad to the 
passage of the Indus by Attock ; but when he reached 
the Hyphasis (Sutlej) the weary troops refused to cross 
it and press on to the Ganges. He then sent Nearchus 
down the Indus, to sail round to the mouth of the 
Kuphrates, and explore a route for traffie across the 
Indian Ocean. Nearchus profited, by the monsoons, 
which thus became known to the Greek sailors. 
The king himself went down the river to see the 
great southern ocean with its strange tide, and he 
planned that an Alexandria on the Indus 
should communicate with the Alexandria of the 
Nile valley by an intermediate harbor on the Eu- 
phrates. e further planned the cireumnayigation of 
Ayrabia, if not of Africa also, and a voyage to the north 
of the Caspian. At the same time Pytheas of Mar- 
seilles was exploring the British and Baltic seas. This 
enlarged and systematic exploration of the earth, com- 
bined with increased means of communication among 
its inhabitants, was beneficial to civilization, if we may 
define growth in civilization as growth in the amount of 
services rendered to each other in civil society. The re- 
cord kept by Alexander's quartermasters (bematistc) 
of the length of his marches gave succeeding geogra- 
phers important information; and it was more useful 
to Eratosthenes than the vague descriptions in the 
historians, who were striving after literary effect, and 
some of whose accounts were very legendary, for 
legends soon clustered round the name of the great con- 
queror. Alexander seems also to have had a deserip- 
tion (anagraphe) of the empire drawn out. After his 
return through the desert of Baluchistan, along the 
Indian Ocean, he devoted himself to consolidating the 
internal administration and checking the oppression 
exercised by his officers; but he was planning new con- 
quests in the West, from all parts of which he had re- 
ceived ambassadors, when he died of marsh fever at 
Babylon (3823 B.¢.), at the early age of thirty-two. 

All attempts to keep his empire together inevitably 
failed, but his work was done, since, whether for good 
or evil, the Hellenizing of the Kast determined the’ 
whole course of history. The army resolved that his 
child (not yet born) by his Bactrian wife Roxane, and 
his imbecile half-brother, Philip Aridzeus, should bear 
rule jointly. First Perdiccas was named regent, but 
the generals began to combine against him, and he 
perished in trying to reduce to obedience Ptolemy, the 
satrap of Egypt, the man who saw most clearly and 
earliest the tendency of events. Then Antipater, who 
had with difficulty defeated the gallant attempt of the 
Greeks under the leadership of Athens to regain their 
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freedom in the Lamian War, was made regent. On 
his deathbed he transferred the office to Polysperchon, 
who soon proved unequal to his task, and even’ gave 
up Phocion, the leader of the Macedonian party at 
Athens, todeath. Antigonus, the commander-in-chief 
in Asia, destroyed Humenes, who was faithful to the 
royal house but was a Greek from Cardia and nota 
Macedonian. He then tried to reunite the satrapies ; 
but Ptolemy of Kegypt, Lysimachus of Thrace, and 
Seleucus of Babylon combined with Cassander of 
Macedon against him, and he fell (301 B.c.) at the 
battle of Ipsus in Phrygia. This decided the final 
break up of the empire. Several native princes re- 
tained their dominions and formed a kind of neutral 
zone between the new kingdoms, and the Getze on the 
Danube maintained themselves against Lysimachus. 
The customary feuds in the royal house, and its in- 
trigues with the generals, soon led it to destruction. 
Roxane, the mother of the child Alexander, began by 
murdering Alexander’s other wife Statira, the daugh- 
ter of Darius. Alexander’s Epirote mother Olympias 
killed Philip Aridzeus and his wife Kurydice, and 
Cassander killed Olympias herself, and afterwards 
Roxane with her son. There were similar feuds and 
murders in the houses of all Alexander’s successors, 
except the early Antigonids. Their marriages, like 
those of Philip and Alexander, were of a very Oriental 
character; and ‘‘in these families,” says Plutarch, 
“murders of sons, mothers, and wives were frequent, 
murders of brothers were even common as a necessary 
precaution for safety.’’ The generals assumed the 
title of king after Demetrius’s defeat of Ptolemy off 
Cyprus (307 B.c.), anc their example was followed by 
Agathocles at Syracuse, and Dionysius at Heraclea on 
the EKuxine. Demetrius, after his father’s death at 
Ipsus, fled to Greece, and’ occupied much of the 
country. His viceroy in Bootia was the historian 
Hieronymus of Cardia, the friend and fellow-citizen 
of Kumenes. Demetrius for a time even gained 
Macedonia, but his Oriental rule disgusted the people, 
and he had to fly to Seleucus, who married his daugh- 
ter Stratonice. Seleucus detained him under honora- 
ble guard till his death, perhaps with some idea of 
using his help if the balance of power should again 
be threatened. When an empire breaks up, old geo- 
graphical relations make themselves felt, the great 
masses and divisions of the land exert their influence 
and affinities of race begin to show their old power, 
the natural boundaries of mountain and river tend to 
reappear; and so it proved now. After Cassander’s 
death, and the defeat of Lysimachus by Seleucus, 
Seleucus reorganized Asia by breaking up the twelve 
large gatrapies into more than seventy districts of a 
more manageable size. He then crossed to Europe to 
reunite Macedonia to Asia, but was murdered by 
Ptolemy Ceraunus, eldest son of Ptolemy of Kgypt— 
who had chosen his second son Philadelphus as his 
heir instead of the wild Ceraunus. Seleucus’s death 
ended the generation of Alexander’s generals. <A 
new state of things followed. Ceraunus fell in battle 
against the invading Gauls, whose migrations gave a 
final blow to the old system. Part of the Gauls passed 
on into Greece, where the free states destroyed them, 
while others crossed into Asia and oceupied the country 
named from them Galatia, 276 B.c. Lastly, after 
Pyirhus of Epirus, whose sister Deidamia married 
Demetrius, had more than once nearly gained pos- 
session of Macedonia, Antigonus Gonatas, the son of 
Demetrius, finally secured the succession, and restored 
the wasted realm to the position of one of the great 
kingdoms by the side of Hgypt and Syria. The last 
struggle of Athens against him in the war of Chre- 
se (a pupil of Zeno of Citium) proved fruitless. 
He also regained the Macedonian frontier on the side 
of Epirus asit had been in Philip’s time, and the Aous 
became the boundary towards the Dardanians on the 
‘northwest. Of the kingdom thus restored his family 
retained possession till Perseus was overthrown by the 
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Romans at the battle of Pydna (168 B.c.), but the 
later kings wasted their strength in useless wars in- 
stead of doing what might have been done, conquer- 
ing and Hellenizing the country up to the Danube. 
The Epirote kings Alexander and Pyrrhus had striven 
to found a new military empire in Italy, but in vain. 
The Apennines can be seen from the coast of Epirus, 
and these kings were always stretching eager hands 
over the sea to the new lands in the West, but their 
power proved unequal to the task, and Pyrrhus’s posi- 
tion in history is mainly important because his ex- 
pedition brought Greece and Italy into close connec- 
tion. His geniality of character impressed his con- 
temporaries, and has left its impress on Roman and 
Greek legend. 

In Asia Seleucus had in vain tried to preserve the 
most easterly provinces, for the Hastern nature had at 
once begun to react against the Macedonian conquest, 
and the Seleucid kingdom had no true centre or natural 
limits. Sandracottus, a native chief, founded a great 
kingdom in India with Indian and ‘ Javanic”’ 
(Ionian, ¢. e., Greek) support; and Seleucus, after one 
campaign, gave up the eastern districts as far as the 
Paropamisadze west of Cabul. Sandracottus was per- 
haps supported by the Brahmans whom Alexander 
had opposed, but the Punjab has witnessed more than 
one revolt against the system of caste, which had its 
stronghold in the valley of the Ganges; and Buddhism 
soon became predominant in the new kingdom. The 
edicts of Asoka, the second successor of Sandracottus, 
which made Buddhism the state religion (though 
Brahmanism was tolerated), mention Antiochus 
Ptolemy and Antigonus (see INDIA, vol. xii. p. 827, 
for a full account); and Buddhist missionaries began 
to spread the faith westwards as well as to the south, 
and some knowledge of the cycle of Eastern story and 
fable was communicated to the Greeks. But we have 
not the materials for estimating the influence exercised 
in Asia by the Greeks onthe new kingdom. Similarly 
a Greeco-Bactrian kingdom, which was made inde- 
pendent by Theodotus or Diodotus about 256 B.c., 
lasted for two centuries. Many of its coins have been 
found with legends atfirst purely Greek, but becoming 
gradually barbarized. Some of the early ones resemble 
the gold coins of Antiochus II. of Syria, who ruled 
just before Diodotus made the new state independent. 
After the first five kings, however, the legends are in 
Prakrit as well as in Greek. ‘The caravan routes were 
long kept open, and in this way trade with China was 
maintained, and silk and other Chinese commodities 
reached Europe. Farther west native Persian chiefs 
became practically independent, such as Atropates in 
the Median district, called from him Atropatene, and 
elsewhere; for the clan system was suited to these 
districts, and they preserved the system of Zoroaster 
till Artaxerxes (Ardshir) restored the Persian 
monarchy, 226 A.D. (See Persia). But even here 
Greek influence lasted on; nor when Arsaces, about 
250 B.0., had set up the kingdom of Parthia and made 
Heeatompylus his capital, did that influence die out 
in Parthia. Even the new cities founded by the Par- 
thian kings, such as Dara, were on the Greek model, 
and largely inhabited by Greeks; and some of the 
chief cities retained Greek municipal constitutions, 
such as Ctesiphon, which took the place of Seleucia 
on the Tigris as Seleucia had taken the place of the 
old capital Babylon— 

“Of later fame, 
Built by Emathian or by Parthian hands, 
The great Seleucia, Nisibis, and there 
Artaxata, Teredon, Ctesiphon.” 


So again in Asia Minor native chiefs began to rule 
in Armenia, Bithynia, Cappadocia, Paphlagonia, and 
Pontus; and some of them, such as the Cappadocian 
princes of the Mithridatic family, who afterwards ruled 
at Amasia, claimed descent from the royal Achaemenid 
house of Persia, or from leading Persian houses. They, 
as well as the princes of Pontus, intermarried with the 
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house of Seleucus, to which their help was important. 
Bithynia and Pontus had an era of independence, from 
which they reckoned their dates just as the Syrian 
kings did from the return of Seleucus to Babylon. The 
independence of J udaea under the Maccabees was estab- 
lished at a later time (see IsRAEL). Al! these were 
subject to the Hellenizing influence of the Greek towns; 
and the Greek language spread everywhere, even among 
the Galatians, as we see by the inscriptions. Nicomedes 
of Bithynia founded Nicomedea in 264 B.¢., as a Greek 
town; it soon rivalled Nicaea in importance, and we 
owe to it Arrian, the historian of Alexander. The 
barbaric princes often took wives, ministers, officers, 
engineers, literati, artists, actors, and intermediate 
agents of all kinds from some neighboring Greek city, a 
custom which had begun before the time of Alexander, 
as we see in the case of Mausolus of Caria. In Perga- 
mon, about 238 B.c., Phileteerus, by the help of the 
royal treasure, made himself independent, and under 
Kumenes and Attalus the little state showed much po- 
litical skill in trimming the balance of power between 
the neighboring dynasties. Attalus took the title of 
king after a victory over the Galatians on the Caicus, 
and this victory was commemorated by the Giganto- 
machia around the famous altar lately discovered at 
Pergamon (see Conze, Beschretbung der Pergamen- 
ischen Bildwerke; Overbeck, Geschichte der Giriechis- 
chen Plastik, 3d ed.). He also sent commemorative 
statues to Athens; one of which, long celebrated as the 
Dying Gladiator, is now seen to be the portraiture of 
a dying Gaulish chief. Greek art, transplanted frem 
Athens and the Peloponnese to Pergamon and Rhodes, 
though it had acquired a somewhat florid tinge, was 
yet not unworthy of its descent from the schools of 
Phidias and Lysippus, and owing to the close alliance 
of these two cities with Rome, as against Macedon and 
Syria, this revived Greek art found its way to Italy. 
Pergamon also became a centre of Greek learning only 
second to Alexandria; and, when Ptolemy cut off the 
supply of papyrus from Keypt, Crates of Mallus in 
Cilicia (whose name was only second to that of Aris- 
tarchus) is said to have revived the old Asiatic use 
of ‘‘parchment’’—a name which itself preserves the 
memory of Pergamon. Papyrus, it is true, remained 
the usual material for books till about the 4th century, 
when the Christian Church finally adopted the new 
material due to the invention of Crates (see Birt, Das 
antike Buchwesen). All along the coast also a number 
of Greek cities acquired practical independence owing 
to the division of power among the princes, Greek as 
well as native, who were further kept in check by the 
invading Gauls. Such were the cities of Byzantium, 
Cyzicus, Heraclea, Sinope, and Olbia on the northwest 
ot the Black Sea, and Panticapzeeum or Bosporus 
between that sea and the Palus Meeotis. The true 
Greek spirit survived above all in Rhodes, as it did also 
at Massalia in the West. All the more did the Syrian 
kings strive to maintain their power by founding cities 
under their own rule, which were made attractive to 
new colonists by something of municipal independence, 
with the right to bear arms, to coin money, and to 
manage their own judicial affairs. Hach city had its 
demus, senate, archons, and generals. There were four 
of these great cities in Syria itself:—two inland, Anti- 
och on the Orontes, the greatest commercial entrepdt 
in the Kast, and Apamea, the military centre of the 
kingdom; two on the coast, Seleucia, with its rock 
fortress to serve as a refuge in time of trouble, and 
farther south Laodicea on the sea, among its rich vine- 
yards. They were all named after the royal family. 
Other towns were named from places in Greece or 
Macedonia, such as Achaia, Amphipolis, Apollonia, 
Arethusa, Astacus, Beroea, Callipolis, Chalcis, Edessa, 
Iferzea, Larissa, Maronea, Oropus, Pella, Perinthus, 
Teea; for the oppressed Greeks of Greece itself and of 
Magna Grecia here found an outlet for their energy. 
Some military colonies were planted on the west and 
south of Galatia, to keep the Gauls in check, and guard 
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the roads leading from Phrygia, the centre of the com- 
merce of Asia Minor, to the towns on the coast; such 


| were: Antioch in Pisidia, Apamea Cibotus, Synnada, 


and Thyatira. Even Palestine, notwithstanding the 
temporary success of the Maccabees, was full of Greek 


towns like the later Caesarea, and the manufacturing 
population used the Greek language. We have some 
traces of the state of things in the Heononvies, a work 
of this period, though falsely attributed to Aristotle ; 
and the later political literature shows that men had a 
clear idea of the aims and means of the politics of the 
day, and that diplomacy and international law had 
considerably developed. Thus a large influx of new 
Hellenic blood was poured into the lands on this side 
of the Tigris, into Asia Minor, Mesopotamia, and Syria; 
during the century after Alexander’s death nearly two 
hundred cities were founded, and the Greek race be- 
came predominant in western Asia, though of course 
it was differentiated by the various peoples which it 
undertook to assimilate, and by which it could not but 
be influenced in turn, especially as the princes found it 
necessary to conciliate them. The historians of the time 
are mostly lost; but many inscriptions survive which 
show what a blending of population took place. One 
gives us a rescript of Antigonus on incorporating the 
people of Labeda with the Teians. Another shows 
that Magnesia became absorbed in Smyrna, now 
restored after it had long lain waste. Others tell us 
that places like Krythrae and Iasus recovered something 
like independence owing to the needs of Syrian kings. 
Amidst the feuds of the great powers the Ionian states 
recovered their freedom, and were able to form a kind 
of federal union. Similarly we hear of the community 
(cody) of Bithynia, of Asia, and the like. A new life 
of a somewhat different kind from the old Greek life in 
politics, religion, and science dates from the revolution 
effected by Alexander’s conquests, though in the lower 
strata of the country population old beliefs still had 
some hold, as is evident by what Pausanias found exist- 
ing even in his day in Greece itself. But old distinctions 
tended to vanish away, only that between poor and rich 
acquired still greater force, and material interests be- 
came predominant. We see also that in the manufac- 
turing towns the workmen had formed benefit societies 
and secret or public associations of various kinds. And 
it was in these commercial centres, with their some- 
what cosmopolite character, free from old prejudices 
and ideas, that Christianity found an early home. 
Greek freedom made a great impression in the Hast. 
The Greeks hid no system of castes, no close priest- 
hood, no sacred books like those of India to limit their 
development; their views may almost be called cos- 
mopolitan, and the distinction between ‘‘ Greek’ and 
‘‘barbarian’’ already tended to disappear, as Alexan- 
der perhaps had wished. Attic speech became the 
basis of the new written language, and, with Attic cus- 
toms, prevailed at the courts of Alexandria and Baby- 
lon. of Bactra and Pergamon. Attic plays were acted 
at Ctesiphon down to Roman times; and the later 
rhetoricians and sophists imitated the masters of Attic 
oratory. The Greek view as to Philip and Alexander 
was thus enabled to hold its own against the prevail- 
ing Macedonian tone on these matters, especially when 
Macedonia lost its leading position, for that country 
produced only soldiers—with the exception of Marsyas 
of Pella, and of King Ptolemy, who wrote with true 
military brevity an account of Alexander’s campaigns, 
which Arrian wisely preferred to the more romantic 
account of Clitarchus. But, though the towns became 
Hellenized, yet the Hellenistic populations did not 
possess the highest qualities of the Greek mind, as the 
surrounding elements and the climate naturally wrought 
some alteration. Polybius looked with surprise at 
the Greeks settled in Alexandria. The living forces of 
Greece—its productive genius, self-organizing power 

and active spirit of political life—were weakene 

and gradually Host their energy. The Attic language 
became the Hellenistic, Attic eloquence received a 
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florid Asiastic tinge (though AMschines himself taught 
at Rhodes), but true eloquence can only flourish, as 
Tacitus points out, in a free state. Literature and 
art lost their connection with a true national life. 
Architecture took another character, and the plastic 
art of Pergamon, though derived from Athens, and 
that of Rhodes, though derived from the Sicyonian 
school, through Chares of Lindus (who modelled the 
Sun-god, known as ‘‘ Colossus’’), had lost the self- 
restraint and dignity of the highest Greek art. But 
the suppression of political freedom turned the force 
of the heck mind all the more strongly into other 
channels, and science and criticism, and speculation 
and literary history, made a great advance. Consid- 
erable schools were opened at Tarsus and other cen- 
tres of commerce. As the free state lost its power over 
the mind, men had recourse to philosophy, and re- 
gained in mental fortitude and independence the out- 
ward freedom they had lost. Then this feeling reacted 
on politics, and a generation of patriots like Philopoe- 
men arose, worthy to represent Greece in these her 
last days. The new teaching of freedom came forth, 
as was right, from Athens; it was the followers of 
Arcesilaus, the founder of the new Academy, who 
freed Megalopolis from its tyrant. The later develop- 
ments of philosophy were mainly due to Zeno of 
Citium in Cyprus, and to Epicurus, who finally taught 
at Mytilene and Lampsacus ; but Athens was still the 
chief home of their teaching. The writings of the 
great philosophers of this age, however, are mostly 
lost to us, as well as those of the historians, and after 


Aristotle there is a strange gap in the tradition up to | 


the Christian era. The Greeks now wished to know 


the early history of the Hast, and the Hastern peoples | 


wished to make their history known to the great lit- 
erary nation. é 
Babylon for Antiochus II., from the archives in the 


temple of Belus, Manetho that of Egypt for Ptolemy | ples 
| buries. 


Philadelphus, Menander of Tyre that of Phoenicia, 
and Jewish writers the history of their race and relig- 


ious views, which are finally summed up for us by. 


Philo and Josephus. The sacred books of Egypt, 


Palestine, and Persia were to be found in the Alex- | 


andrian library, and the religious syncretism that re- 


sulted from the mixture of races prepared the way for | 
The astrology, | 


monotheism and for Christianity. 
howeyer, and divination of the Hast in turn made 


their way among the Greeks, and led to curious super- | 


stitions, and a whole literature of Sibylline books and 
similar forgeries sprang up. Christianity itself spread 
chiefly in the Hellenized towns; the country districts 
were much longer in feeling the new influence. 
It was in Keypt, however, that Hellenism was per- 
haps most highly developed. The Ptolemies gained 
Cyrene and Cyprus, and struggled hard with the 
Syrian kings for the possession of Phoenicia ; Palestine 
was as of old the battlefield for the king of the north 
and the king of the south. he Ptolemies even held 
Seleucia at the mouth of the Orontes for some time. 
The history of these times is lost in its detail; the 
only thing certain is the spread of the Hellenistic 
spirit in the Hast. Many Jews were transplanted to 
Alexandria and Cyrene, occupied large quarters of 
those cities, and had full civil rights. The Ptolemies 
also pushed south into Ethiopia, and the African ele- 
phants which they trained for war enabled them to 
oppose the Syrian army with its Indian elephants. A 
xreek inscription at Adulis, though of later origin, 
commemorates the conquests of the third king of this 
line. These kings also secured the route down the 
Red Sea, reopened the old canal of Necho leading 
from the Nile into that sea, founded Arsinoe and 
other important towns, and made discoveries on the 
route to India. The new information thus gained was 
recorded in the geographical works of Agatharcides of 
Cnidus and Artemidorus of Ephesus. The old trade 


Hence Berosus wrote the history of | 
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came through Egypt to Europe, and ships of Alexan- 
dria became frequent visitors to the western waters. 
Even in Asia Minor Egypt won influence as Syria lost 
it, and a court poet (perhaps Theocritus) was justified 
in praising the Hgyptian king who was master of the 
sea. The carrying trade had fallen largely into the 
hands of Egypt from the time when the war between 
Seleucus and Antigonus stopped the trade of the cara- 
vans by land, and the import and export duties formed 
a large part of the Egyptian revenues. After the 
return of Pyrrhus from Italy, Philadelphus even made 
a treaty with Rome. The Sicilian Greeks might be 
rivals in trade, but the Italians were good customers, 
and produced the excellent wool which was invaluable 
for the Egyptian manufactures, as the cultivation of 
cotton in Kgypt had but begun. *Puteoli, the first 
really good port to the south of Rome, was the chief 
centre of the trade even at this early time. The 
Egyptian trade was concentrated in Alexandria, which 
thus became one of the greatest cities on the earth. 
Science flourished there, and men like Archimedes 
came thither to study. Much of what was done was 
done for ever. No mathematician has to redemon- 
strate the problems of Euclid. Geography was 
founded by Hratosthenes of Cyrene on a mathematical 
and astronomical basis; he first caleulated the magni- 
tude of the earth by measuring an are of the meridian, 
the process employed at the present day. Modern 
astronomy too is the natural development of the work 
of Hipparehus and Ptolemy. Lrasistratus and Hero- 
philus investigated the structure and functions of the 
valves of the heart, and the nerves of sensation and 
motion, and a close connection was thus formed be- 
tween anatomy and medicine. ‘he Museum, a sort 
of college, numbered Hratosthenes, Callimachus, Aris- 
tophanes, and Aristarchus among its members. They 
fixed the text of the classical writers on critical princt- 
ples; and grammar assumed the form it kept for cen- 
Poetry itself had a kind of second summer 
with Callimachus and Apollonius Rhodius, and, under 
Sicilian influences, with Theocritus, Bion, and Mos- 
chus. All the knowledge of the past was treasured 
up for transmission to a future age. 

There was no more unity among the Macedonian 
monarchies than there had been among the free cities 
of Greece, and the kings were even less able to com- 
bine against Rome than the republics against Philip. 
When Philip V. tried to keep the Romans out of 
Greece, he met with no support from Antiochus the 
Great, and was defeated by Flaminius at Cynosce- 
phalee, 197 B.c. Antiochus in turn had no help from 

hilip when Scipio crossed into Asia and defeated the 
Syrian army at Magnesia, 190 B.c. Last of all, Per- 
seus was overthrown at Pydna (168 B.c.), while Anti- 
ochus Epiphanes was trying to plunder Keypt; and 
Macedonia was divided into four districts, like those 
out of which the kingdom had been originally formed— 
Amphipolis, Thessalonica, Pella, Pelagonia. The Ro- 
mans in many respects carried on the work of spreading 
Greek culture. ‘They gave the free cities of Asia a 
freer scope for their action on the country ; they united 
the whole Greek race, east and west, under one rule, 
and opened out the world to their enterprise. We 
meet with many great names in this later age, such as 
Posidonius at Rhodes, Galen at Pergamon, Strabo at 
Amasia. Epictetus was a Greek slave from Phrygia. 
Cappadocia became so thoroughly Greek that the 
church itself owed to it such men as Basil and Greg- 
ory. The Greek influence even spread to Palmyra in 
the desert, and its ruin in the third century marks the 
first great check sustained by Hellenism. But under 
the rule of Rome it may almost be said that the primi- 
tive union of the Graeco-Italian race was restored, and 
the work of the Macedonian conqueror completed in 
western Asia. 


This article is mainly based on Grote’s Greece, and Droy- 


of Egypt had chiefly consisted in the export of corn ; | sen’s Hellenismus, 2d ed., 1877. For more detailed accounts 
now the wares of Arabia, South Africa, and India , and for the personal history see ALEXANDER, ANTIGONUS, 
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ANTIOCHUS, ANTIPATER, ete. The original authorities are 
collected in Didot’s Historici Greci, and his Arrianus, 1877. 
(C. W. BO.) 

MACEDONIUS, a deacon, was raised to the patri- 
archate of Constantinople as successor of Husebius of 
Nicomedia by the Arian bishops in 341 A.D., while the 
orthodox party elected Paul, whom Eusebius had su- 
perseded. he partisans of the two rivals involved 
the city in a tumultuous broil, murdered Hermogenes, 
the general whom Constantius IL, during his own ab- 
sence, had empowered to preserve order, and were not 
quelled until the emperor himself returned to the city 
and banished Paul. Macedonius was recognized as 
patriarch in 342. In that year Paul again returned, 
and was again banished, and Macedonius, amid much 
tumult and bloodshed, was forcibly installed in his see 
by the imperial troops. Compelled by the interven- 
tion of Constans in 348 to confine his authority again 
to one church, and to resign his patriarchate in favor 
of his former opponent, he was reinstalled in 350. He 
then took vengeance on his opponents by a general 
persecution of the adherents of the Nicene creed. In 
356 he occasioned a disastrous and bloody tumult in 
Constantinople by causing the ashes of Constantine the 
Great to be removed from the dilapidated church of 
the Apostles to that of St. Acacius. In 359, on the 
division of the Arian party into Acacians (or pure 
Arians) and semi-Arians, Macedonius adhered to the 
latter, and in consequence was expelled from his see 
by the council of Constantinople in 360. He now be- 
came avowed leader of the sect of Pneumatomachi, 
Macedonians, or Marathonians, whose distinctive tenet 
was that the Holy Spirit is but a divine influence per- 
vading the universe and not a person distinct from the 
Father and the Son. He did not long survive his de- 
position. 

MACEIO, or Macayo, a city of Brazil, the chief 
town of the province of Alagoas, and one of the ports 
open to foreign trade, is situated about 150 miles south 
of Pernambuco, in 9° 397 8. lat., on an eminence about 
a mile from the shore, in the midst of luxuriant vegeta- 
tion. It possesses a fine cathedral and an elegant house 
of assembly, as well as a cotton inspection office and a 
custom-house. As its harbor at Jagudra‘on the coast 
is but slightly protected by reefs and a small peninsula, 
and the water deepens slowly from a sandy beach, ves- 
sels cannot approach the piers (of which there are 
several), and have to be discharged and loaded by 
lighters. ‘Trade, however, is on the increase, and will 
develop largely on the completion of the railway to the 
interior. In 1880 44 British and 35 foreign vessels 
entered, with a burden respectively of 17,624 and 


10,482 tons; and cotton and sugar were exported to | 
In 1839 the | 


the amount of 4181 and 27,810 tons. 
town became the provincial capital instead of Alagoas. 
The population is about 20,000. 

MACERATA, a city of Italy, the chief town of a 
province, a bishop’s see, and the seat of a court of ap- 
peal, lies 22 miles south of Ancona, and 17 miles by 
road west of Civita Nova, the nearest station on the 
Kast Coast Railway. Crowning the top of a hill about 
1300 feet in height with a picturesque mass of build- 
ings enclosed by walls and towers, Macerata looks out 
over the Adriatic and the valleys of the Potenza and 
the Chienti. The cathedral is a modern structure of 
but little interest ; but some of the churches and es- 
pecially some of the palaces,—Palazzo dei Torri, Pa- 
lazzo Bonaccorsi, etc.,—are fine pieces of architecture ; 
and at a short distance from the town stands the beau- 
tiful 8. Maria delle Vergini, designed by Galasso 
da Carpi, but often attributed to Bramante. Besides 
the university, Macerata contains a communal library 
founded by Leo XIL., and, in the municipal buildings, 
a collection of antiquities from Helvia Ricina. Its in- 
fant schools were the first established in the papal 
states. Glass and pottery are among the manutfac- 
tures, and three fairs are held yearly. The population 
of the commune has increased from 19,283 in 1861 to 
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20,219 in 1881; that of the town was 10,065 at the 
former date. 

Macerata, as well as Recanati, was founded by the inhabi- 
tants of Ricina after the destruction of their city by Alaric 
in 408. During the Lombard period it was a flourishing 
town; but it was from comparative insignificance that it 
was raised by Nicholas IY. to be the seat of the governors 
of the March. By the viceroy of Frederick II. it was en- 
closed in the 13th century by a new line of walls more than 
24 miles in circuit; and in the troubles of the next two 
hundred years it had frequent occasion to learn their value. 
For the most part it remained faithful to the popes, and in 
return it was rewarded by a multitude of privileges. 
Though in 1797 the inhabitants opened their gates to the 
French, two years afterwards, when the country people 
took refuge within the walls, the city was taken by storm 
and delivered to pillage. The bishopric of Macerata dates 
from the suppression of the see of Recanati (1320). Cres- 
cimbeni, the poet of the 13th century, his namesake the 
founder of the Arcadian Academy at Rome, and Matteo 
Ricci, the Chinese missionary and scholar, were natives of 
the city. 


MACGILLIVRAY, WrttaMm (1796-1852), a writer 
on several branches of natural science, but best known 
as an ornithologist, was born in 1796. He studied as 
an arts student in King’s College, Aberdeen, grad- 
uating M.A. in 1815, and also studied medicine, but 
did not complete the latter course. In 1823 he be- 
came assistant to the professor of natural history in 
Edinburgh University; and in 1831 he was appointed 
curator of the museum of the Royal College of Sur- 
geons in Edinburgh. In 1841 he became professor of 
natural history and lecturer on botany in Marischal 
College, Aberdeen. He died in 1852. He possessed 
a wide and comprehensive knowledge of natural science 
in its various departments, gained no less from per- 
sonal observations in the course of frequent excursions 
through different parts of Scotland than from a study 
of the collections under his charge in Edinburgh and 
of books. His industry and extensive knowledge are 
amply shown in his published works. He contributed 
numerous articles on the zoology, botany, and geology 
of Scotland to the scientific journals in Kdinburgh, to 
the Magazine of Botany and Zoology, and to the 
Transactions of the British Association. He also 
assisted Audubon in his classical works on the Birds 
of America; and he edited Withering’s British - 
Botany. 

His larger works are numerous, and include biogra- 

hies (of mboldt, and zoologists from Aristotle to 

inneeus), Teaxt-books of Botany, of Geology, and of 
Conchology, a History of British Quadrupeds, a His- 
tory of the Mollusca of Aberdeen, Banff, and Kincar- 
dine, a Manual of British Ornithology, and a History of 
British Birds, in 5 vols., 1837-52. ‘The last work holds 
a high rank from the excellent descriptions of the 
structure, habits, and haunts of birds, and from the 
use in classification of characters afforded by their in- 
ternal organs. In 1850 he spent some time in the 
Highlands of Aberdeenshire. The results are em- 
bodied in the Natural History of Deeside, published 
after his death by command of the queen. 

He made considerable collections, alike for the m- 
struction of his students and to illustrate the zoology. 
botany, and geology of the parts of Scotland examined 
by him, especially around Aberdeen. His success in 
enlisting the interest. and co-operation of his students 
is shown by the assistance acknowledged by him in his 
work on the mollusca of that district. His devotion to 
his favorite sciences made him apt to be careless of risk 
to health, and seems to have led to the illness that 

roved fatal. Though his reputation résts chiefly on 

is works on birds and on mollusca, his other writings 
are also of interest and value. In some respects he 
was in advance of most of his contemporaries, ¢.g., in 
the opinions in regard to species published in his Teat- 
book of Botany (pp. 210, 211) in 1840. 

His reputation might have been greater as a specialist 
had he restricted his investigations within narrower limits, 
but this he was prevented from doing as much by the wide 
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range of subjects that he had to teach as by his natural in- 
clination. He had to encounter great difficulties in ascertain- 
ing what had been already accomplished by naturalists else- 


where from the want of a good library and of named collec- | 


to this fact may be traced a tendency | the military establishment of the commonwealth. The 


tions for reference. 
to regard as undescribed and to name whatever animals he 
was unable to identify from books within his reach, as well 
as occasional apparent neglect of work done by others and 
some peculiar views on nomenclature and classification. 

Throughout his life pecuniary difficulties, in part arising 
from the publication of his books, pressed on him; and to 
this it was probably due, at least in part, that, despite an 
amiable nature he at times expressed himself in contro- 
versy ina way that made him keen opponents. His books 
show that from all troubles he found relief in tracing the 
proofs of wisdom and of goodness in nature. Throughout 
his was a laborious life, and just before his death he com- 
pleted his History of British Birds, an enduring and worthy 
memorial of an earnest and true-hearted naturalist. 

His family inherited a taste for similar pursuits. One 
son, John, contributed several articles to magazines on the 
natural history of Scotland, and published an account of 
the voyage round the world of H.M.S. “ Rattlesnake,” on 
board which he was naturalist. Another son, Paul, pub- 
lished an Aberdeen Flora in 1853. 


MACHIAVELLI, Niccord (1469-1527), was born 
at Florence on the 3d of May, 1469. His ancestry 
daimed blood relationship with the lords of Montes- 
pertoli, a fief situated between Val di Pesa and Val 
d’ Elsa, at no great distance from the city. In 1393 
the castle of Montespertoli became the property of 
Niccold’s great-grandfather. At this date the Machia- 
velli, like other nobles of the Florentine contado, had 
been absorbed into the body of the burghers, and had 
begun to seek distinction as officers of the republic. 
They counted numerous priors and gonfaloniers of jus- 
tice in the generations which preceded the illustrious 
secretary. Niccold’s father, Bernardo, who was born 
in 1428, followed the profession of a jurist. He held 
landed property, chiefly near the village of San Cas- 
ciano, which was worth, according to a recent calcula- 
tion, something like £250 a year of our money. His 
son, though not wealthy, was never wholly dependent 
upon official income. 

Of Niccold’s early years and education little is known. 
He is said to have studied under the grammarian Mar- 
cello Virgilio Adriani; and his works show wide read- 
ing in the Latin and Italian classics. 
certain that he had not mastered the Greek language. 
In that age of humanistic erudition, it is noticeable 
that the three most eminent writers of the Renaissance 
—Machiavelli, Ariosto, and Guicciardini—owed their 
training to the literature of their own nation. To the 
defects of Machiavelli’s education, as it appeared to 
men of Giovio’s stamp, we may, in part at least, ascribe 
the peculiar vigor of his style and his speculative origi- 
nality. He is free from the scholastic trifling and 
learned frivolity which tainted the rhetorical culture 
of his century. He made the world of men and things 
his study, learned to write his mother-tongue with 
idiomatic conciseness, and nourished his imagination 
on the masterpieces of the Romans. Machiavelli shared 


the enthusiasm of his race and period for antiquity ; 


but the antiquity he worshipped was confined to the 
commonwealth of Rome. ot the arts, the letters, 
and the philosophy of the Greeks, but the Latin histo- 
ries in which the statecraft and organization of the 
Romans are described, arrested his attention. His 
habit of thought is. marked throughout by a strong 
Latin bias. 

The year 1494, the year of Charles VIIT.’s invasion 
and of the Medici’s expulsion from Florence, saw Ma- 
chiavelli’s first entrance into public life. He was ap- 
pointed clerk in the second chancery of the commune 
under his old master Marcello Virgilio Adriani. Early 
in 1498 Adriani became chancellor of the republic, and 
Machiavelli received his vacated office with the rank 
of second chancellor and secretary. This post he re- 
tained till the year 1512. The masters he had to serve 


were the Dieci di Libert& e Pace, who, though subor- 


dinate to the signoria, exercised a separate control over 


But it is almost | 
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| the departments of war and theinterior. They sent their 
own ambassadors to foreign powers, transacted business 
with the cities of the Florentine domain, and controlled 


next fourteen years of Machiavelii’s life were fully oc- 
cupied in the voluminous correspondence of his bureau, 
in diplomatic missions of varying importance, and in 
the organization of a Florentine militia. It would be 
tedious and uninstructive to follow him through all his 
embassies to petty courts of Italy, the first of which 
took place in 1499, when he was sent to negotiate the 
continuance of a loan to Catherine Sforza, countess of 
Forli and Imola. A more important mission followed 
in 1500, when Machiavelli travelled into France, to 
deal with Louis XII. about the affairs of Pisa. It is 
enough to say in general that these embassies were the 
school in which Machiavelli formed his political opin- 
ions, and gathered views regarding the state of Kurope 
and the relative strength of nations. hey not only 
introduced him to the subtleties of Italian diplomacy, 
but also extended his observation over races very dif- 
ferent from the Italians in their social and constitu- 
tional development. He thus, in the course of his offi- 
cial business, gradually acquired principles and settled 
ways of thinking which he afterwards expressed in 
writing. He was at no time a philosopher or man of 
letters by profession, and when he came to write he 
gave to the world the condensed result of practical ex- 
perience, combined with meditations on the Latin his- 
torians, rather than a methodical system. 

His office obliged him from time to time to draw up 
proposals and memorials on questions of the day, 
which he presented to the Dieci. One of these, on the 
affairs of Pisa, belongs to 1499; a second, on the con- 
dition of Pistoia, to 1501; a third, of more general im- 
portance, on the right way of dealing with the rebels 
of Valdichiana, to 1502. In this last-named document 
some of the points of view which stamp his later works 


| with a distinctive character emerge into prominence. 


We find him seeking parallels and precepts in Roman 
history, laying down the axiom that human nature is 
identical throughout the ages, exposing the futility of 


| half measures, and finally appealing to Cesare Borgia 


aga model of political sagacity.. It is clear from this 
brief and early composition that Machiavelli had already 
formed the habits of thought which distinguish him. 
He has begun to idealize Borgia’s policy. He inter- 
weaves historical reflections with contemporary analysis, 
using the past to illustrate the present, and expound- 
ing practical doctrine from texts derived from Livy. 
There is also noticeable the uncompromising spirit of 
the man, who was destined afterwards in the Principe 
to subordinate all minor considerations of morality and 
conduct to the one object of political attainment. 

In the year 1502 Machiavelli married Marietta Cor- 
sini, the wife who bore him several children, with 
whom, in spite of his own infidelities, he lived on good 
terms, and who survived him twenty-six years. In 
the same year Piero Soderini was chosen gonfalonier 
for life, in accordance with certain changes in the con- 
stitution of the state, which were intended to bring 
Florence closer to the Venetian type of ‘government. 
This was an important event in Machiavelli's ca- 
reer, for he now became intimately connected with 
Soderini, assisted him in carrying out his policy, sug- 
gested important measures of military reform which 
Soderini adopted, and finally was involved in ruin by 
his fall. Machiavelli, it may be said in passing, had 
the qualities of a good servant and a practical official. 
He remained faithful to Soderini through the difficul- 
ties of his later years of power, and spoke well of him 
subsequently. Yet he was a severe critic, blaming the 
gonfalonier for weakness of administration and half 
measures ; and, when he died, he indulged in a sarcas- 
tic epigram on his old master which does less honor to 
his loyalty than to his wit. be 

The year 1502 was marked by yet another decisive 
incident in Machiavelli’s life. In October he was sent, 
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much against his will, as envoy to the camp of Cesare 
Borgia, or duke of Valentino, as he was now called. 
The duke was then in Romagna, and it was Machia- 
velli’s duty to wait upon and watch him. He was able 
now to observe those intricate intrigues which culmi- 
nated in Cesare’s seizure of Sinigaglia and the treach- 
erous murder of his disaffected captains. From what 
remains of Machiavelli's letters to the Dieci during 
this period, and from his tract upon the Modo tenuto 
dal Duca Valentino nell ammazzare Vitellozzo Vitelli, 
we are able to appreciate the actual relations which ex- 
isted between the two men, and the growth in Machia- 
velli’s mind of a political ideal based upon his study of 
the duke’s character. Machiavelli was a mere specta- 
tor and critic, by no means an adviser of the duke. 
He seems to have been even weary and uneasy in the 
network of hypocrisy and crime in which he found him- 
self,—refreshing his spirits with jocular letters to his 
private friends, and with the study of a Plutarch which 
they sent him. He was also able to stigmatize the 
Borgia’s conduct from a conventional point of view, as 
is proved by his calling him a ‘‘ basilisk’? and ‘‘ hy- 
dra’’ in his Decennali. Yet he conceived the strong- 
est admiration for his combination of audacity with dip- 
lomatic’ prudence, for his adroit use of cruelty and 
fraud, for his self-reliance, avoidance of half measures, 
employment of native troops, and firm administration 
in conquered provinces. More than once, in letters to 
his friend Vettori, no less than in the pages of the 
Principe, he afterwards expressed his belief that Cesare 
Borgia’s behavior in the conquest of provinces, the 
cementing of a new state out of scattered elements, 
and the dealing with false friends or doubtful allies, 
was worthy of all commendation and of scrupulous 
imitation. Hydra and basilisk were terms, not of re- 
proach, but of panegyric, on the lips of the writer who 
warned his prince to acquire the nature of the fox and 
of the lion, who spoke familiarly of frodi onorevoll, 
scelleratezze gloriose, and whose conception of Virtu 
was self-reliant ability. As he watched Cesare Borgia 
at this, the most brilliant period of his adventurous 
career, the man became idealized in his reflective but 
imaginative mind. Round him, as a hero, he allowed 
his own conceptions of the perfect prince to cluster. 
There was so much in the conduct of the duke which 
exactly fitted with those conceptions, so much of that 
ideal had conversely been derived at first hand from 
the duke himself, that the hero and the adventurer 
were, as it were, confounded. That Machiavelli sepa- 
rated the actual Cesare Borgia, whom he after- 
wards saw, ruined and contemptible, at Rome, from 
this radiant creature of his political fancy, is probable. 
That the Cesare of history does not exactly match the 
Duca Valentino of Machiavelli’s writings is certain. 
Still the fact remains that henceforth Machiavelli 
cherished the ideal image of the statesman which he 
had modelled upon Cesare, and called this by the name 
of Valentino. 

On his return to Florence early in January, 1503, 
Machiavelli began to occupy himself with a project he 
had long since formed, and which his recent attend- 
ance upon Cesare Borgia had strengthened in his mind. 
The duties of his office obliged him to study the con- 
ditions of military service as they then existed in Italy. 
He was familiar with the disadvantages under which 
republics labored when they engaged professional cap- 
tains of adventure and levied mercenary troops. ‘The 
bad faith of the condottiere Paolo Vitelli (beheaded at 
Florence in 1499) had deeply impressed him. In the 
war with Pisa he had observed the insubordination 
and untrustworthiness of soldiers gathered from the 
dregs of different districts, serving under egotistical 
and irresponsible commanders. His reading in Livy 
taught him to admire the Roman system of employing 
armies raised from the body of the citizens; and Cesare 
Borgia’s method of gradually substituting the troops 
of his own duchy for aliens and mercenaries showed 
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the Italians. He was now determined, if possible, to 
furnish Florence with a national militia. The gonfa- 
lonier Soderini entered into his views. But obstacles 
of no small magnitude arose. First came the financial 
difficulties in which the Government was then involved. 
The suspicion and jealousy of the Florentines had also 
to be encountered. Someof them feared lest Soderini, 
if he armed the commonwealth, would aspire to tyranny. 
All alike were adverse to arming the population of sub- 
ject cities like Arezzo and Cortona ; for it must be re- 
membered that an Italian republic ruled its province 
with the despotism of an autocrat, and the towns be- 
neath its sway were always panting for independenee. 
The question of money was immediately pressing. 
Karly in 1503 Machiavelli drew up for Soderini a anion ¢ 
Discorso sulla provisione del Danaro, in which the 
duty and necessity of liberal expenditure for the pro- 
tection of the state were expounded upon principles of 
sound political philosophy. Between this date and 
the last month of 1506 Machievel’ labored at his favor- 
ite scheme, working out memorials on the subject for 
his office, and suggesting the outlines of a new military 
organization. On the 6th of December, 1506, his plan 
was approved by the signory, and a special ministry, 
called the Nove di Ordinanza e Milizia, was appointed. 
Machiavelli immediately became their secretary. The 
country districts of the Florentine dominion were now 
divided into departments, and levies of foot soldiers 
were made in order to secure a standing militia. <A 
commander-in-chief had to be chosen for the new 
troops. Italian jealousy shrank from conferring this 
important office on a Florentine, lest one member of 
the state should acquire-a power dangerous to the 
whole. The choice of Soderini and Machiavelli fell, 
at this juncture, upon an extremely inéligible person, 
none other than Don Micheletto, Cesare Borgia’s eut- 
throat and assassin. It is necessary to insist upon this 
point, since it serves to illustrate a radical infirmity in 
Machiayelli’s genius. While forming and promotin 
his scheme, he was actuated by principles of politica’ 
wisdom and by the purest patriotism. But he failed 
to perceive that such a ruffian as Micheletto could not 
inspire the troops of Florence with that devotion to 
their country and that healthy moral tone which should 
distingush a patriot army. Here, as elsewhere, he re- 
vealed his insensibility to the ethical element in human 
nature. Knowing that Don Micheletto had worked 
well for Cesdre Borgia, accustomed to disregard private 
morality as insignificant in public conduct, he was sat- 
isfied to entrust the discipline and education of his 
raw militia to a notorious villain. His indifference to 
personal ethics led him now into a practical blunder, 
as it afterwards vitiated his political writings witha 
philosophical error. 

Meanwhile Italy had been the scene of memorable 
events, in most of which Machiavelli took some part. 
Alexander VI. had died suddenly of fever. Julius II. 
had ascended the papal chair. The duke Valentino 
had been checked in mid-career of conquest. Machia- 
velli was sent to Rome during the conclave, when he 
renewed his intercourse with Cesare Borgia. On this 
occasion he seems to have felt nothing bat contempt 
for the hero of his dreams, who had sunk into insig- 
nificance and almost abject submission. The collapse 
of the Borgias threw Central Italy into confusion ; and 
Machiavelli had, in 1505, to visit the Baglioni at Peru- 
gia and the Petrucci at Siena. In the following year 
he accompanied Julius upon his march through Peru- 
gia into the province of Kmilia, where the fiery pope 
subdued in person the rebellious cities of the church. 
Upon these embassies Machiavelia represented the 
Florentine Dieci in quality of envoy. It was his duty 
to keep the ministry informed by means of frequent 
despatches and reports. All this while the war for the 


‘recovery of Pisa was slowly dragging on, with no suc- 


him that this plan might be adopted with success by - 


cess or honor to the Florentines. Machiavelli had to 
attend the camp and Pes for levies amid his many 
other occupations. And yet he found time for private 
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literary work. In the autumn of 1504 he began his 
Decennali, or Annals of Italy, a poem composed in 
rough terza rima, and now remembered only for one 
line describing the courage of Piero Capponi, when he 
defied Charles VIII. to his face in 1495 :— 


“To strepito dell’ armi e de’cavalli, 
Non poté far che non fosse sentita 
La voce d'un Cappon fra cento Galli.” 


About the same time he composed a comedy on the 
model of Aristophanes, which is unfortunately lost. It 
seems to have been called Le Maschere. Giuliano de’ 
Ricci tells us it was marked by stringent satire upon 
great ecclesiastics and statesmen, no less than by a ten- 
dency to “‘ascribe all human things to natural causes 
or to fortune.’’ That phrase accurately describes the 
prevalent bias of its author’s mind. 

The greater part of 1506 and 1507 was spent in or- 
ganizing the new militia, corresponding on the subject, 
and scouring the country on enlistment service. But 
at the end of the latter year Kuropean affairs of no 
small moment diverted Machiavelli from these hum- 
bler duties. Maximilian was planning a journey into 
Italy in order to be crowned emperor at Rome, and 
was levying subsidies from the imperial burghs for his 


expenses. The Florentines thought his demands ex- 
cessive. Though they already had Francesco Vettori 


at his court, Soderini judged it advisable to send 
Machiavelli thither in December. He travelled by 
Geneva, all through Switzerland, to Botzen, where he 
found the emperor. 


This journey was an important moment in his life. It 
enabled him to study the Swiss and the Germans in their 
homes; and the report which he wrote on his return, Rap- 
porto di Cose della Mayna, reckons among his most effective 
political studies. Instead of confining his attention to the 
analysis of parties or the portraits of eminent persons in 
the countries he had traversed, Machiavelli strove to esti- 
mate the essential elements of national success or failure. 
The antique sobriety of the Swiss, their absolute equality 
and independence, their efficient national militia, inspired 
him with such admiration that henceforth the Swiss ap- 
peared to him the model of modern nations and the most for- 
midable among the neighbors of the Italians. He pointed 
out that the strength of Germany lay in the free cities, 
while the emperor was weakened, not only by his own in- 
decisive character and want of funds, but by the jealousy 
of the feudal princes. The German princes, the burghs, 
and the empire being ill-accorded, and the Swiss being hos- 
tile to all alike, this vast nation lacked the force which its 
excellent morality, sober living, and vigorous military 
organization ought to have secured it. What is most re- 
markable in Machiavelli’s report is his concentrated effort 
to realize the exact political weight of the German nation, 
and to penetrate the causes of its strength and weakness, 
He attempts to grasp the national character as a whole, and 
thence to deduce practical conclusions. Certain mistakes 
he undoubtedly made. He treated the Swiss, for example, 
too much as though they were a part of Germany. He 
exaggerated the simplicity and sobriety of the race at 
large, seemingly inspired by Tacitus and inflamed in his 
own imagination by sympathy with a people who realized 
his cherished dreams of national health. His indifference to 
ecclesiastical questions prevented him from discerning the 
crisis of the Reformation, which was on the verge of precipi- 
tating Germany into the discord of religious wars. Yet, 
allowing for these drawbacks, we are astonished by the in- 
sight into details and the co-ordinating faculty which 
enabled this Italian to draw so discriminating and ani- 
mated a portrait of the Germans for the benefit of his 
republic. 

The same great qualities are noticeable in his Ritratti 
delle Oose di Francia, which he drew up after an embassy to 
Louis XII. at Blois in 1510. These notes upon the French 
race are more scattered than the report on German affairs. 
But they reveal no less acumen combined with imaginative 
penetration into the very essence of national existence. 
He points out that the special strength of France lies in 
her centralization. The monarch is surrounded by obedi- 
ent feudal vassals, the most powerful of whom are of the 
royal blood. They in their turn draw their wealth from 
the people. Feudalism, an element of discord in Germany, 
has been converted into monarchy, and become the cohe- 
sive bond of society in France. On the other hand, this 
centralization contains a grave element of danger for the 
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future of France. The people are ground down and have 
no liberty. Machiavelli points out how, in these circum- 
stances, the pith of the French army is its chivalry, and 
why the king is always obliged to hire German and 
Swiss infantry for his wars. The Ritratti abound in pointed 
observations upon the French character which is well con- 
trasted with that of the Spaniards. But what constitutes 
the originality of this tract is Machiavelli’s determination 
to realize to himself and to his readers the political value 
of the French people as a whole, andthus to form a solid 
basis for judging of its probable behavior in the future. 
In this case, as in the case of Germany, he attempts to es- 
timate the physical, moral, and intellectual capacity of 
an antagonist with whom his country has to grapple. 
It may be said that, with France as with Germany, he 
wholly omits the possibilities of religious perturbation. 

While engaged upon this topic, it may be well to men- 
tion that Machiavelli displayed exactly the same force of 
analysis in laying bare the central causes of weakness in 
Italy itself. The disarmament of the population by selfish 
despots and indolent republics; the consequent growth of 
a vicious mercenary system ; the dismemberment of the 
nation into petty, mutually jealous parcels, due for the 
most part to the selfishness of Rome; the loss of antique 
sobriety in manners, and the almost total corruption of the 
people, fostered and encouraged by their debauched spir- 
itual leaders,—these, he says, are the causes which have 
made Italy “more enslaved than the Hebrews, more down- 
trodden than the Persians, more disunited than the Athen- 
ians.” This is not the place to discuss his policy for the 
Italians. Suffice it to say that the same method which he 
applied to Germany and France supplied him with general 
conclusions about Italy, and enabled him to view with a 
truly terrible clairvoyance that desperate disease of his 
country for which he afterwards invented remedies as 
desperate. 


Machiavelli returned from Germany in June, 1508, 
The rest of that year anda large part of 1509 were spent 
in the affairs of the militia and the war of Pisa. Chiefly 
through his exertions the war was terminated by the 
surrender of Pisa in June, 1509. Meanwhile the league 
of Cambray had disturbed the peace of Italy, and 
Florence found herself in a perilous position between 
Spain and France.  Soderini’s Government grew 
weaker. The Medicean party lifted up its head. 'T'o 
the league of Cambray succeeded the Lega Santa. The 
battle of Ravenna was fought, and the French retired 
from Italy. The Florentines had been spectators 
rather than actors in these great events. But they 
were now destined to feel the full effects of them. 
The cardinal Giovanni de’ Medici, who was present at 
the battle of Ravenna, brought a Spanish army into 
Tuscany. Prato was sacked in the August of 1512. 
Florence, in extreme terror, deposed the gonfalonier, 
and opened her gates to the princes of the house of 
Medici. 

The Government on which Machiavelli depended had 
fallen, never to rise again. The national militia in which 
he placed unbounded confidence had proved inefficient 
to protect Florence in the hour of need. He was 
surrounded by political and personal enemies, who 
regarded him with jealousy as the ex-gonfalonier’s 
right-hand man. Yet at first it appears that he still 
hoped to retain his office. He showed no repugnance 
to a change of masters, and began to make overtures 
to the Medici. The Nove della Milizia were, however, 
dissolved; and on November 7, 1512, Machiavelli was 
deprived of his appointments. He was exiled from 
Florence and confined to the dominion for one year, and 
on November 17 was further prohibited from setting 
foot in the Palazzo Pubblico. Ruin stared him in the 
face; and, to make matters worse, he was implicated in 
the conspiracy of Pier Paolo Boscoli in February, 1513. 
Machiavelli had taken no share in that feeble attempt 
against the Medici, but his name was found upon a 
memorandum dropped by Boscoli. This was enough 
to ensure his imprisonment. He was racked, and only 
released upon Giovanni de’ Medici’s election to the 
papacy in March, 1513. When he left his dungeon, he 
retired to a farm near San Casciano, and faced the fact 
that his political career was at an end. 

Machiayelli now entered upon a period of life to 
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which we owe the great works that have rendered his 
name immortal. But it was one of prolonged disap- 

ointment and annoyance. He had not accustomed 

imself to economical living; and, when the emolu- 
ments of his office were withdrawn, he had but barely 
enough to support his family. The previous years 
of his manhood had been spent in continual activity. 
Much as he enjoyed the study of the Latin and Italian 
classics, literature was not his business; nor had he 
looked on writing as more than an occasional amuse- 
ment. He was now driven in upon his books for the 
employment of a restless temperament; and to this 
irksomeness of enforced leisure may be ascribed the 
production of the Principe, the Discorsi, the Arte della 
Guerra, the comedies, and the Storia Fiorentina. The 
uneasiness of Machiavelli’s mind in the first years 
of this retirement is brought before us by his private 
correspondence. The letters with Vettori paint a man 
of vigorous intellect and feverish activity, dividing his 
time between studies and vulgar dissipations, seeking 


at one time distraction in low intrigues and wanton | 


company, at another turning to the great minds of 
antiquity for solace. 
tleman to understand the spirit in which the author of 
the Principe sat down to exchange obscenities with the 


author of the Sommario della Storia @ Italia. Nor ean | 


it be urged that Machiavelli plunged into dissipation at 


this crisis to escape from care, or that he penned filth | ] ; yu 
| At this moment Machiavelli intervenes. 


because he had no other occupation for his thoughts. 
From the camp of Borgia in 1502, when his mind was 
on the stretch and he was watching history in the 
making, he had written similar trash to his acquaint- 
ances at home. At the same time this coarseness of 
taste did not blunt his intellectual sagacity. His letters 
on public affairs in Italy and Europe, especially those 
which he meant Vettori to communicate to the Medici 
at Rome, are marked by extraordinary fineness of 
perception, combined, as usual in his case, with philo- 
sophical breadth. In retirement at his villa near 
Percussina, a hamlet of San Casciano, Machiavelli 
completed the Principe before the end of 1513. This 
famous book is an analysis of the methods whereby an 
ambitious man may rise to sovereign power. It appears 
to have grown out of another scarcely less galcbedica 
work, upon which Machiavelli had been engaged before 
he took the Principe in hand, and which he did not 
finish until some time afterwards. This second treatise 
is the Discorsi sul primo libro delle Deche di Tito Livio, 
which will henceforth be mentioned in this article as 
the Discorsi. 

Cast in the form of comments on the history of Livy, the 
Discorsi are really an inquiry into the genesis and main- 
tenance of states,—how states come into being, prosper, 
and decline,—in what forms they can be modelled and 
maintained. The Principe isan offshoot from the main 
theme of the Discorsi, setting forth Machiavelli’s views at 
large and in detail upon the nature of principalities, the 
method of cementing them, and the qualities of a success- 
ful autocrat. Being more limited in subject and more 
independent as a work of literary art, this essay detaches 
itself from the main body of the Discorsi, and has attracted 
far more attention. We feel that the Principe is inspired 
with greater fervency, as though its author had more than 
a speculative aim in view, and brought it forth to serve a 
special crisis. The moment of its composition was indeed 
decisive. Machiavelli judged the case of Italy so desperate 
that salvation could only be expected from the intervention 
of a powerful despot. The unification of Italy in a state 
protected by a national army was the cherished dream of 
his life; and the peroration of the Principe shows that he 
meant this treatise to have adirect bearing on the problem. 
We must be careful, however, not to fall into the error of 
supposing that he wrote it with the sole object of meeting 
an occasional emergency. Together with the Discorsi, the 
Principe contains the speculative fruits of his experience 
and observation combined with his deductions from Roman 
history. The two works form one coherent body of opinion, 
not systematically expressed, it is true, but based on the 
same principles, involving the same conclusions, and di- 
rected to the same philosophical end. That end is the 
analysis of the conception of the state, studied under two 
main types, republican and monarchical, Up to the date of 


It is not easy for a modern gen- | 
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Machiavelli, modern political philosophy had always pre- 
supposed an ideal. Medizeyal speculation took the church 
and the empire for granted, as divinely appointed institu- 
tions, under which the nations of the earth must flourish 
for the space of man’s probation on this planet. Thinkers 
differed only as Guelfs and Ghibellines, as leaning on the 
one side to papal on the other to imperial supremacy. In 
the revival of learning, scholarship supplanted scholasti- 
cism, and the old ways of medizyal thinking were forgot- 
‘ten. But no substantial philosophy of any kind emerged 
from humanism; the political lucubrations of the scholars 
were, like their ethical treatises, for the most part rhetori- 
cal. Still the humanists effected a delivery of the intellect 
from what had become the bondage of obsolete ideas, and 
created a new medium for the speculative faculty. Society 
in Europe had outgrown the conditions of the Middle 
Ages, and this new humanistic atmosphere corresponded 
to the new phase upon which the modern nations were 
entering. Simultaneously with the revival, Italy had 
passed into that stage of her existenee which has been 
called the age of despots. The yoke of the empire had 
been shaken off. The church had taken rank among Ital- 
ian tyrannies. The peninsula was, roughly speaking, 
divided into principalities and sovereign cities, each of 
which claimed autocratic jurisdiction. These separate 
despotisms owned no common. social tie, were founded on 
no common jus or right, but were connected in a network 
of conflicting interests and changeful diplomatic combina- 
tions. A keen and positive political intelligence emerged 
in the Italian race. The reports of Venetian and Floren- 
tine ambassadors at this epoch contain the first germs of an 
attempt to study polities from the point of view of science. 
He was conscious 
of the change which had come over Italy and Europe. He 
was aware that the old strongholds of medizyal thought 
must be abandoned, and that the decaying ruins of medize- 
val institutions furnished no basis for the erection of solid 
political edifices. He felt the corruption of his country, 
and sought to bring the world back to a lively sense of the 
necessity for reformation. His originality consists in hay- 
ing extended the positive intelligence of his century from 
the sphere of contemporary politics and special interests 
to man at large regarded as a political being. He founded 
the science of politics for the modern world, by concen- 
trating thought upon its fundamental principles. Much 
that is unnatural in the forced severance of politics from 
ethics, much that we know now to be untrue in the con- 
ception of national development, much that offends our 
moral sense in the justification of iniquity for public ends, 
much that the experience of the last three centuries has 
shown to be mistaken in the theory of the state considered 
as a work of plastic art, much that belongs to the Renais- 
sance, and has perished with that period of transition, 
much that is wrongly applied from the experience of Ital- 
ian diplomacy to politics in general, can be noted by the 
students of Machiavelli. We feel the want in him of a 
thorough philosophical education, the continual oscillation 
between speculative and practical points of view, the lack 
of system and the negligence of stringent definition. We 
surmise that, had he studied Plato’s Republic or the first 
chapters of Aristotle’s Politics and Ethics, he might perhaps 
have avoided what has been the stumbling-block to gener- 
ous readers—his indifference to moral righteousness as 
indespensable to states no less than individuals. Weregret 
his unqualified inculeation of the doctrine that means are 
justified by ends,—a doctrine rendered odious by Jesuitry 
to the modern mind, and incompatible with any sound 
science of humanity. We know that ethics cannot be 
severed, as he severed them, from polities; that, though 
national differs from private duty, both are based upon the 
same immutable principles; that the former tends with the 
growth of the race, to approach ever more nearly to the 
former; and that it is the function of the political philoso- 
pher to keep this steadily in view. We have learned to 
regard nations, not merely as materials to be moulded bya 
law-giver, but as total organisms, which, however modified 
by men of genius, obey their own laws of evolution. We 
have outgrown his admiration of antiquity, and do not 
believe that modern states should seek to model themselves 
upon the type of Rome. We perceive that his ideal of a 
prince, working by force, fraud, cruelty, dissimulation to 
acertain end, was the creature of circumstances, which 
caused him to advocate the opposition of violence to anar- 
chy as the only possible resort. These are deductions to be 
made from Machiavelli’s teaching, regarded as final, or as 
instructive for the times in which we live. But, when we 
have made these deductions, there remains the fact of his 
achievement. He began to study men, not according to 
some preconception, but as he found them,—men not in the 
isolation of one century, but as a whole in history. He 


_ Nemours, seemed to him the proper person. 
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drew his conclusions from the nature of mankind itself, 
“ascribing all things to natural causes or to fortune.” In 
this way he restored the right method of study, a method 
which had been neglected since the days of Aristotle. He 
formed a conception of the modern state, which marked 
the close of the Middle Ages, and anticipated the next 
phase of European development. His prince, abating those 
points which are purely Italian or strongly tinctured with 
the author’s personal peculiarities, prefigured the monarchs 
of the 16th and 17th centuries, the monarchs whose motto 
was Létat cest moi! His doctrine of a national militia 
foreshadowed the system which has given strength in arms 
to France and Germany. His insight into the causes of 
Italian decadence was complete; and the remedies which 
he suggested, in the perorations of the Principe and the 
Arte della Guerra, have since been applied in the unification 
of Italy. Lastly, when we once have freed ourselves from 
the antipathy engendered by his severance of ethics from 
the field of politics, when we have once made proper allow- 
ance for his peculiar use of phrases like “ frodi onorevoli”’ 
or “scelleratezze gloriose,” nothing is left but admiration 
for his mental attitude. That is the attitude of a patriot, 
who saw with open eyes the ruin of his country, who 
burned above all things to save Italy and set her in her 
place among the powerful nations, who held the duty of 
self-sacrifice in the most absolute sense, whose very limita- 
tions and mistakes were due to an absorbing passion for 
the state he dreamed might be reconstituted. It was 
Machiavelli’s intense preoccupation with this problem— 
what a state is and how to found one in existing circum- 
stances—which caused the many riddles of his speculative 
writings. Dazzled, as it were, with the brilliancy of his 
own discovery, concentrated in attention on the one neces- 
sity for organizing a powerful coherent nation, he forgot 
that men are more than political beings. He neglected 
religion, or regarded it as a part of the state machinery. 
He was by no means indifferent to private virtue, which 
indeed he judged the basis of all healthy national exist- 
ence; but in the realm of politics he postponed morals to 
political expediency. He held that the people, as dis- 
tinguished from the nobles and clergy, were the pith and 
fibre of nations; yet this same people had to become wax 
in the hands of the politician,—their commerce and their 
comforts, the arts which give a dignity to life and the 
pleasures which make life liveable, neglected,—their very 
liberty subordinated to the one tyrannical conception. To 
this point the segregation of politics from every other fac- 
tor which goes to constitute humanity had brought him ; 
and this it is which makes us feel his world a wilderness, 
devoid of atmosphere and vegetation. Yet some such 
isolation of the subject-matter of this science was de- 
manded at the moment of its birth, just as political econ- 
omy, when first started had to make a rigid severance of 
wealth from other units, It is only by a gradual process 
that social science in its whole complexity can be evolved. 
We have hardly yet discovered that political economy has 
unavoidable points of contact with ethics. 

From the foregoing criticism it will be perceived that 
all the questions whether Machiavelli meant to corrupt or 
to instruct the world, to fortify the hands of tyrants or to 
lead them to their ruin, are now obsolete. He was a man 
of science—one who by the vigorous study of his subject- 
matter sought from that subject-matter itself to deduce 
laws. The difficulty which remains in judging him is a 
difficulty of statement, valuation, allowance. How much 
shall we allow for his position in Renaissance Italy, for the 
corruption in the midst of which he lived, for his own per- 
sonal temperament? How shall we state his point 
of departure from the Middle Ages, his sympathy with 
prevalent classical enthusiams, his divination of a new 
period? How shall we estimate the permanent worth of 
his method, the residuum of value in his maxims? 


After finishing the Principe, Machiavelli thought 
of dedicating it to one of the Medicean princes, with 
the avowed hope that he might thereby regain their 
favor and find public employment. He wrote to Vet- 
tori on the subject, and Giuliano de’ Medici, oe, af 

ne 
choice was reasonable. No sooner had Leo been made 
pope than he formed schemes for the aggrandizement 
of his family. Giuliano was offered and refused the 
duchy of Urbino. Later on, Leo designed for him a 
duchy in Emilia, to be cemented out of Parma, Pia- 
cenza, Reggio, and Modena. Supported by the power 
of the papacy, with the goodwill of Florence to back 
him, Giuliano would have found himself in a position 


- somewhat better than that of Cesare Borgia; and the 
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| Borgia’s creation of the duchy of Romagna might 
have served as his model. Machiavelli therefore was 
justified in feeling that here was an opportunity for 
putting his cherished schemes in practice, and that a 
prince with such alliances might even advance to the 
grand end of the unification of Italy. Giuliano, how- 
ever, died in 1506. Then Machiavelli turned his 
thoughts towards Lorenzo, duke of Urbino. The 
choice of thisman asa possible Italian liberator reminds 
us of the choice of Don Micheletto as general of the 
Florentine militia. To Lorenzo the Principe was dedi- 
cated, but without result. The Medici, as yet at all 
events, could not employ Machiavelli, and had not in 
themselves the stuff to found Italian kingdoms. 

Machiavelli, meanwhile, was reading his Discorsi to 
a select audience in the Rucellai gardens, fanning that 
republican enthusiam which never lay long dormant 
among the Florentines. Towards the year 1519 both 
Leo X. and his cousin the cardinal Giulio de’ Medici 
| were much perplexed about the management of the 
republic. It seemed necessary, if possible, in the grad- 
ual extinction of their family, to give the city at least 
a semblance of self-government. They applied to 
several celebrated politicians, among others to Machia- 
velli, for advice in the emergency. The result was his 
Discorso sopra il Riformar lo Stato di Firenze, a 
treatise in which he deduces practical conclusions from 
the past history and present temper of the city, blend- 
ing these with his favorite principles of government in 
general. He earnestly admonishes Leo, for his own 
sake and for Florence, to found a permanent and free 
state system for the republic, reminding him in terms 
of noble eloquence how splendid is the glory of the 
man who shall confer such benefits upon a people. 
The year 1520 saw the composition of J/sette Libri 
dell’ Arte di Guerra, and of the Vita di Castruccio. 

The first of these is a methodical treatise, setting 
forth Machiavelli’s views on military matters, digesting 
his theories respecting the superiority of national troops, 
the inefliciency of fortresses, the necessity of relying 
upon infantry in war, and the cemparative insignificance 
of artillery. It is strongly colored with his enthusiam for 
ancient Rome; and specially upon the topic of artillery it 
displaysa want of insight into the actualities of modern war- 
fare. We may regard it as a supplement or appendix to the 
Principe and the Discorsi, since Machiavelli held it for a 
fundamental axiom that states are powerless unless com- 
pletely armed in permanence. The peroration contains a 
noble appeal to the Italian liberator of his drearas, and a 
parallel from Macedonian history, which, read by the light 
of this century, sounds like a prophecy of Piedmont. 

The. Vita di Castruccio was composed at Lucca, whither 
Machiavelli had been sent on a mission. This so-called 
biography of the medieval adventurer who raised himself 
by personal ability and military skill to the tyranny of 
seyeral Tuscan cities must be regarded in the light of an 
historical romance. Dealing freely with the outline of 
Castruccio’s career, as he had previously dealt with Cesare 
Borgia, he sketched his own ideal of the successful prince. 
Cesare Borgia had entered into the Principe as a represen- 
tative figure rather than an actual personage : so now con- 
versely the theories of the Principe assumed the outward form 
and semblance of Castruccio. In each case history is blent 
with speculation in nearly the same proportions. But Cas- 
truccio, being farther from the writer’s own experience, 
bears weaker traits of personality. 

In the same year, 1520, Machiavelli, at the instance of the 
cardinal Giulio de’Medici, received commission from the 
oflicers of the Studio Pubblico to write a history of Flor- 
ence. They agreed to pay him an annual allowance of 100 
florins while engaged upon the work. The next six years 
were partly employed in its composition, and he left a por- 
tion of it finished, with a dedication to Clement VII., when 
he died in 1527. In the Istorie Fiorentine Machiavelli 
quitted the field of political speculation for that of history. 
But, having already written the Discorsi and the Principe, 
he carried with him to this new task of historiography the 
habit of mind proper to political philosophy. In his hands 
the history of Florence became a text on which at fitting 
seasons to deliver lessons in the science he initiated. This 
gives the work its special character. It is not so mucha 
chronicle of Florentine affairs, from the commencement of 
modern history to the death of Lorenzo de’Medici in 1492, 
‘asa critique of that chronicle from the point of view 
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adopted by Machiavelli in his former writings. Having 
condensed his doctrines in the Principe and the Discorsi, he 
applies their abstract principles to the example of the Flor- 
entine republic. His favorite topics reappear—the dismem- 
berment of Italy by the papacy (bk. i. 9,23) ; the ruin of her 
national militia (bk. i. 34, 38; bk. v. 1; bk. vi. 1); the 
enervation of hercommonwealths by commerce (bk. i. 39; 
bk. ii. 42); her corrupt morality (bk. iii. 1); the reference 
of Italian circumstances to Roman precedents (bk. iii. 1) ; 
the theory of the intervenient “nomothetes” in states (bk. 
iv. 1); and the theory of human vicissitudes (bk. v. 1). 
This gives to hishistory a deductive and illustrative qual- 
ity which men of less imaginative mind, like Guicciardini, 
or the exact students of our own days may criticise. 
the History of Florence is not amere political pamphlet. It 
is the first example in Italian literature of a national bio- 
graphy, the first attempt in any literature to trace the 
vicissitudes of a people’s life in their logical sequence, 
deducing each successive phase from passions or necessities 
inherent in preceding circumstances, reasoning upon them 
from general principles, and inferring corollaries for the 
conduct of the future. In his proemium Machiavelli taxes 
Poggio and Lionardo Bruni with having neglected civic 
affairs for the record of wars and alliances. It is to the 
analysis of the republic’s inner life that he directs atten- 
tion, showing how her acts were the phenomena of this 
organic force. At the same time he does not omit the nar- 
rative of external events, but places the portrait of Flor- 
ence in the centre of an animated group of pictures drawn 
from Italian history. Approaching his own times, he en- 
larges on the part played by the Medici; for it was one of 
the conditions of the task imposed on him that he shonld 
celebrate the ancestors of Giulio. This portion of the work 
is executed in no servile spirit, and the subsequent destiny 
of Florence fully justified the prominence here given to the 
elder Cosimo and Lorenzo. In point of form the Florentine 
History is modelled upon Livy It contains speeches in 
the antique manner, which may be taken as partly embody- 
ing the author’s commentary upon situations of importance, 
partly as expressing what he thought dramatically appro- 
priate to prominent personages. The style of the whole 
book is neryous, vivid, free from artifice and rhetoric, 
obeying the writer’s thought with absolute plasticity. 


But | 


Machiavelli had formed for himself a prose style, equalled | 


by no one but by Guieciardini in his minor works, which 
was far removed from the emptiness of the Latinizing 
humanists and the trivialities of the Italian purists. Words 
in his hands have the substance, the self-evidence of things. 
It is an athlete’s style, all bone and sinew, nude, without 
superfluous flesh or ornament. 


It would seem that from the date of Machiavelli’s 
discourse to Leo on the government of Florence the 
Medici had taken him into consideration. Writing to 
Vettori in 1513, he had expressed his eager wish to 
‘voll stones’’ in their service; and this desire was 
now gratified. In 1521 he was sent to Carpi to trans- 
act a petty matter with the chapter of the Franciscans, 
the chief known result of the embassy being a burlesque 
correspondence with Francesco Guicciardini. Four 
years later, in 1525, he received a rather more impor- 
tant mission to Venice. But Machiavelli’s public 
career was virtually closed; and the interest of his 
biography still centres in his literary work. We have 
seen that already, in 1504, he had been engaged upon 
a comedy in the manner of Aristophanes, which is now 
unfortunately lost. A translation of the Andria, and 
three original comedies from his pen are extant, the 
precise dates of which are uncertain, though the great- 
est of them was first printed at Rome in 1524. Thisis 
the Mandragola, which may be justly called the ripest 
and most powerful single play in the Italian language. 


The plot is both improbable and unpleasing. But, hay- 
ing granted this, literary criticism is merged in admiration 
of the wit, the humor, the vivacity, the satire of a piece 
which brings before us the old life of Florence in a succes- 
sion of brilliant scenes. If Machiavelli had any moral 
object when he composed the Mandragola, it was to paint in 
glaring colors the corruption of Italian society. It shows 
how a bold and plausible adventurer, aided by the profli- 
gacy of a parasite, the avarice and hypocrisy of a confessor, 
and a mother’s complaisant familiarity with vice, achieves 
the triumph of making a gulled husband bring his own 
unwilling but too yielding wife to shame. The whole com- 
edy is a study of stupidity and baseness acted on by roguery. 
About the power with which this picture of domestic 


MACHIAVELLI. 


immorality is presented there can be no question. But 
the perusal of the piece obliges us to ask ourselves whether 
the author’s radical conception of human nature was not 
false. The same suspicion is forced upon us by the 
Principe. Did not Machiavelli leave good habit, as an 
essential ingredient of character, out ofaccount? Men are 
not such absolute fools as Nicia, nor such compliant cats- 
paws as Ligurio and Timoteo; women are not such weak 
instruments as Sostrata and Lucrezia. Somewhere, in 
actual life, the stress of craft and courage acting on the 
springs of human vice and weakness fails, unless the hero 
of the comedy or tragedy, Callimaco or Cesare, allows for 
the revolt of healthier instincts. Machiavelli does not 
seem to have calculated the force of this recoil. He specu- 
lates a world in which Virtd, unscrupulous strength of 
character, shall deal successfully with frailty. This, we 
subinit, was a deep-seated error in his theory of life, an 
error to which may be ascribed the numerous stumbling- 
blocks and rocks of offence in his more serious writings. 

Some time after the Mandragola, he composed a second 
comedy, entitled Clizia, a portion of the plot of which is 
borrowed from the Casina. Though modelled on the art of 
Planutus, the Clizia is even homelier and closer to the life of 
Florence than its predecessor. It contains incomparable 
studies of the Florentine housewife and her husband, a 
grave business-like citizen, who falls into the senile folly 
of a base intrigue. The device by which Nicomaco is 
brought back to a sense of duty is presented in scenes of 
solid humor which recall the manner of Ben Jonson. On 
the whole, the Clizia is a pleasanter and wholesomer play 
than the Mandragola. It served as model to a school of 
later playwrights. There remains a short piece without 
title, the Commedia in Prosa, which, if it be Machiavelli’s, 
as internal evidence of style sufliciently argues, might be 
accepted as a study for both the Clizia and the Mandragola, 
It seems written to expose the corruption of domestic life 
in Florence, and especially to satirize the friars in their 
familiar part of go-betweens, tame cats, confessors, and 
adulterers. The Fra Alberigo of this comedy is a vigo- 
rous piece of realistic portraiture, anticipating, if not sur- 
passing, the Fra Timoteo of the Mandragola. 

Of Machiavelli’s minor poems, sonnets, capitoli, and 
carnival songs, there is not much to say. Powerful as a 
comic playwright, he was not a poet inthe proper sense of 
the term. The little novel of Belfayor claims a passing 
word, if only because of its celebrity. It is a good-humored 
satire upon marriage, the devil being forced to admit that 
hell itself is preferable to his wife’s company. That 
Machiavelli invented it to express the irritation of his own 
domestie life is a myth without foundation. The story 
has a medieval origingand it was almost simultaneously 
treated in Italian by Machiavelli, Straparola, and Giovanni 
Brevio. 


In the spring of 1526 Machiavelli was employed by 
Clement VII. to inspect the fortifications of Florence. 
He presented a report upon the subject, and in the 
summer of the same year received orders to attend 
Francesco Guicciardini, the pope’s commissary of war 
in Lombardy. Guicciardinisent him in August to Cre- 
mona, to transact business with the Venetian proyve- 


ditori. Later on in the autumn we find him once more 
with Guicciardini at Bologna. Thus the two great 
Italian historians of the 16th century, who had been 


friends for several years, were brought into relations of 
close intimacy. It would be interesting to know the 
topics of their conversation, and to possess some frag- 
ments of the debates they undoubtedly held upon the 
grave affairs of Italy at this decisive juncture. In the 
next year Rome was destined to be sacked by an impe- 
rial army. Florence was to rise in rebellion against 
the Medici. Four years later Charles V. was to lay 
the iron hand of Spain upon the remnants of Italian 
liberty. But nothing survives of Machiayelli’s and 
Guicciardini’s discourse. We can only form an opin- 
ion of what it must have been from the commentaries 
written by the latter on the political philosophy of 
Machiavelli—commentaries which sufficiently explain 
the different methods of the two great thinkers. 
Guicciardini, more positive even than Machiavelli in 
his criticism, averse to theory, satisfied with a policy 
of public temporizing and expediency, se Ttal- 
jan decadence with the tranquillity of egotism, looked 
on Machiavelli as a dreamer. ‘‘ Nothing,’’ he says, 
‘* Gan cure the diseases of our century but the knife of 
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Lycurgus, and the knife of Lycurgus may not be 
expected.’’ Machiavelli was always hoping against 
hope that this knife in the hands of some superior 
Cesare might still be used. Guicciardini, as events 
proved, had taken a sounder view of the situation; or 
rather it was men like Guicciardini who made the situ- 
ation. Machiavelli to the last remained a_ patriot, 
with darkly bright impracticable visions in his brain. 

After auother visit to Guicciardini in the spring of 
1527, Machiavelli was sent by him to Civita Vecchia. 
It seemed that he was destined to be associated in the 
papal service with Clement’s viceroy, and that’a new 

eriod of diplomatic employment was opening for him. 
But soon after his return to Florence he fell ill. His 
son Piero said that he took medicine on the 20th of 
June which disagreed with him; and on the 22d he 
died, having received the last offices of the church. 
There is no foundation for the legend that he expired 
with profane sarcasms upon his lips. Yet we need not 
run into the opposite extreme, and try to fancy that 
Machiavelli, who had professed paganism in his life, 
proved himself a believing Christian on his death-bed. 
That he left an unfavorable opinion among his fellow- 
citizens is very decidedly recorded by the historian 
Varchi. The Principe, it seems, had already begun 
to prejudice the world against him; and we can readily 
believe what Varchi sententiously observes, that ‘‘ it 
would have been better for him if nature had given him 
either aless powerful intellect or a mind of a more genial 
temper.” ‘There is in truth a something crude, 
unsympathetic, cynical in his mental attitude toward 
human nature, for which, even after the lapse of more 
than three centuries, we find it difficult to make allow- 
ance, The force of his intellect renders this want of 
geniality repulsive. We cannot help objecting that 
one who was so powerful could have been kindlier and 
sounder if he willed. We therefore do him the injus- 
tice of mistaking his infirmity for perversity. He was 
color-blind to commonplace morality; and we are 
angry with him because he merged the hues of ethics 
in one gray monotone of politics. In person Machia- 
velli was of middle height, black-haired, with rather a 
small head, very bright eyes, and slightly aquiline 
nose. 
sarcasm. His activity was almost feverish. When 
unemployed in work or study, he was not averse to the 
society of boon companions, gave himself readily to 
transient amours, and corresponded in a tone of cyni- 
cal bad taste. At the same time he lived on terms of 
intimacy with worthy men. Varchi says of him that 
‘in his conversation he was pleasant, obliging to his 
intimates, the friend of virtuous persons.’’ ‘Those 
who care to understand the contradictions of which 
such a character was capable should study his corre- 
spondence with Vettori. It would be unfair to charge 
what is repulsive in their letters wholly on the habits 
of the times ; for wide familiarity with the published 
correspondence of similar men at the same epoch 
ae one acquainted with little that is so disagree- 
able. 


For complete editions of Machiavelli’s works, that of 
Italia, 8 vols., 1813, and the more comprehensive by Usigli, 
Florence, 1853, may be cited. The best biography is by 
Professor Pasquale Villari, 3 vols., Florence, 1877-82. This 
work contains a copious critique of all the most important 
studies which have been made of Machiavelli’s works. An 
English translation of this life, finished by Madame Villari 
under the guidance of Professor Villari, is being ee 

(Gaeas 83) 


MACHINE TOOLS. The very small degree of 
antiquity to which machine tools can lay claim appears 
forcibly in the sparse records of the state of the 
mechanical crafts a century ago. A few tools of a 
rude kind, such as tilt-hammers, and a few special ones 
which aimed at accuracy, but were of very limited ap- 
plication, such as ‘‘mills’’ for boring cannon, or 

‘engines’ for cutting the teeth of clock wheels, were 
almost their only representatives. Machine tools of 


His thin close lips often broke into a smile of 
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the modern type indeed would not then have been 
likely to have found much favor even if they had been 
invented, owing to the difficulty of providing sufficient 
power for driving them, except in the comparatively 
few positions where water-power was available. . The 
transmission of power was wnthought of, except for 
the very limited distances which were possible with the 
ill-fitted *‘ gudgeons’’ and ‘‘ lanterns and trundles”’ of 
the old mill-wrights. 

The steam-engine, however, changed all this. On 
the one hand the hitherto unheard-of accuracy of fit 
required by its working parts created a demand for 
tools of increased power and precision, and on the other 
it rendered the use of such tools possible in almost any 
situation. Thus, acting and reacting on each other, 
machine tools and steam-engines have grown side by 
side, till our workshops have become peopled with a 
race of giants, capable of uncomplainingly performing 
tasks altogether beyond the powers of the easily wear- 
ied hands which have brought them into existence. 
But the first steps in the process were costly and diffi- 
cult to a degree which it is not now easy to realize. 
James Watt, for instance, in 1769, was fain to be con- 
tent witha cylinder for his ‘‘ fire-engine’’ of which, 
though it was but 18 inches in the bore, the diameter 
in one place exceeded that at another by about 2 (.375) 
of an inch ; its piston was not unnaturally leaky, though 
he packed it with ‘‘ paper, cork, putty, pasteboard, and 
old hat.’’ In the bore of a cylinder of 120 inches there 
would not now be admitted an error of 749 of an inch, 
and the leakage past the piston is practically ni/. Hyen 
this must by no means be taken to represent the ex- 
treme limit attainable in respect of size and accuracy. 

Machine tools present so many points of difference 
that no classification of them will be attempted beyond 
a broad division into general and special tools,—those 
included under the latter head being such as are intend- 
ed to perform repeatedly one single operation (or one 
of asmall number of varieties of that operation), or are 
mainly employed in particular processes or manufac- 
tures. 

As an instance of special tools working successively in 
aseries,—which is a frequent arrangement with special 
tools,—the block machinery, for making ships’ blocks 
at Portsmouth dockyard, may be mentioned. Hrected 
in 1807 by Mr. H. Maudslay from designs by Mr. 
(afterwards Sir Marc) Brunel, on the recommendation 
of Sir S. Bentham, it enabled ten men to do in a supe- 
rior manner work which previously required one hun- 
dred and ten, and eftected in the annual expenditure of 
the nation a saving of about £24,000. Into the par- 
ticulars of the beautifully arranged sawing, mortising, 
shaping and other machines by which this was accom- 
peeked we cannot enter, but they are of great interest, 
not only from their intrinsic merits, but also as being, 
if not the very first, certainly superior to any which 
had previously been used. Our limited space,. how- 
ever, will be more profitably devoted to giving a few 
examples of the general tools used in engineers’ work- 
shops. 

The Steam-Hammer, which in some respects may 
be regarded as the most important of machine tools, 
has already been noticed (see Hammer, vol. xi. p. 
380). Second only to it in importance, and long an- 
terior to it in date, stands the dathe. At what exact 
point of its development from the simple foot lathe it 
first become entitled to rank as a machine tool we will 
not stop to inquire, for the origin of this, as of most 
of the mechanical legacies which have been handed 
down to us by successive inventors and improvers, is 
inyolved in much obscurity. But as far as tools laying 
any claim to precision are concerned it appears cer- 
tainly to have been the first to come into existence. 
On the Continent, mechanism to be used in conjunction 
with it for oval turning, and for producing mouldings 
oblique to the axis of the work, had been devised as 
early as 1569, in which year one Jacques Besson pub- 
lished drawings of two lathes so arranged. Whether 
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much additional beauty was obtained by thus depart- 
ing from the circular 
sections producible 
with the simple 
lathe, and conyert- 
ing them into dis- 
torted ones, such as 
that sketched in fig. 
1 (reduced from Bes- 
son), may perhaps be questioned, but the taste for 
this ‘‘swash’’ work, as 1t is called, ere long extended 
also to England. Moxon, the first English writer on 
the subject, gives a drawing of a very similar lathe, 
and he mentions the name of an established London 
maker whose oval engines, and swash engines, and all 
other engines, were ‘‘ excellently well made,’’ so they 
were apparently in some demand at the time of his 
writing (1680). 

Screw-cutting in the lathe was another problem— 
and a more worthy one—which oceupied the attention 
of inventors at the same early period. A curious but 
mechanically very imperfect arrangement for accom- 
plishing it (with which, however, threads either right 
or left-handed could be cut on tapered and oval as well 
as on eylindrical work) is given in another of Besson’s 
engravings. In this the tool is entirely supported and 
its movements are controlled by the machine instead 
of being held in the hand,—an arrangement of which 
the great advantage appears to have been but tardily 
appreciated, though it contains the germ of the prin- 
ciple which, applied first in the slide-rest of the lathe, 
and subsequently in machine tools of almost every 
type, has enabled tasks of constantly increasing severity 
to be successfully dealt with. 

Nearly two centuries seem to have elapsed before 
what we now know as the slide-rest became a recognized 
adjunct to the turning lathe, though in the meantime 
arrangements had been devised for controlling the 
motion of the tool by attaching it to some portion of 
the mechanism in some special cases,—as in that of 
two curious lathes for turning hyperbolic, spherical, or 
plane mirrors for optical purposes, of which engravings 
were published at Rome in 1648. Its first definite 
appearance in print occurs in the great French Mncyclo- 
pédie, published in 1772. Detail drawings of an ad- 
mirable slide-rest are given in one, and evidence of its 
being then in regular use occurs in several of the very 
interesting engravings of that ponderous work, which 
gives so clear an insight into the methods then em- 
ployed in France in the various crafts. The descrip- 
tion, however, by no means settles the question of its 
origin. 

It is pretty certain that the slide-rest was reinvented 
in Hngland by the ingenious Henry Maudslay, when 
he was employed in Mr. Bramah’s workshop in Lon- 
don, where ‘‘ Maudslay’s go-cart’’ (as it was at one 
time derisively called) was first set to work in 1794. 
That he had not previously seen the drawings just 
mentioned cannot of course be proved, but the high 
price at which the Lneyclopédie was published makes 
it very probable that no copy of it had at that time 
come under the notice of a hard-working English me- 
chanic. The intrinsic differences of the two slide-rests 
tend towards a similar conclusion. Whoever may have 
been its first inventor, the slide-rest has certainly proved 
itself to be the most invaluable of all the additions 
made to the turning lathe. Its indispensability to the 
modern power-lathe will be readily appreciated from 
the following examples. 

An engraving of a simple slide-rest for use with a 
foot lathe has already been given (see LATH®), and its 
effect in reducing the labor of the turner was then 
pointed out. The selfucting slide-rest (fig. 2) carries 
this reduction still farther; and by deriving from the 
lathe itself the small ‘‘ feed’? movement necessary for 
bringing the tool to bear on successive portions of 
the work, it dispenses wholly with the need for physi- 
cal exertion on the part of the workman, and does not 


Fig. 1.—Swash Work. 
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even demand his continuous supervision. One result 
of this is that the slide lathe (tor so complete is the 
union between 
the slide-rest and 
the lathe that 
they must now be 
regarded as one 
machine) affords 
a complete solu- 
tion of the screw- 
cutting problem, 
since, by varying 
the extent to 
which the rest 
L ; traverses the 

Fic. 2,—Self-acting Slide-Rest. lathe bed during 
each revolution of the mandrel, a screw thread of any 
desired pitch can be cut with a single tool. 

In fig. 3, which shows a self-acting serew-cutting 
lathe with double-geared headstock, of a type now well 
established, the arrangements for obtaining and yary- 
ing this traversing motion may be observed. A steel 


Fic. 3.—Selfacting Screw-cutting Lathe. 


leading screw runs along the front of the lathe bed, 
and with it the slide-rest can be connected at pleasure. 
‘Two or more change wheels, properly proportioned as 
to the number of their teeth, connect the head of the 
screw with the hinder end of the mandrel. 

Although a leading screw is not the only nor in all 
cases the best mode of rendering a lathe self-acting, 
ordinary screw-cutting lathes are very largely used for 
other purposes than that implied by their name. The 
advantage of perfect regularity in the feed is very great 
even for plain turning, and this can only be secured 
when it is independent of human vigilance. ‘The feed 
in a direction transverse to the bed is also very com- 
monly rendered automatic by means into which we 
cannot here enter, lathes so provided being distin- 
guished as self-acting surfacing lathes. In this case, 
however, the varying diameter of the sucessive cuts 
introduces serious objections to a uniform rate of feed. 
These were remedied as long ago as 1827 by that ex- 
cellent mechanician Joseph Clement,—who was one 
of the greatest improvers of the power lathe; but his 
arrangement has never come into general use. 

To enable a comparatively small lathe to be used for 
surfacing work of larger diameter than it would nat- 
urally admit, a portion of the bed is frequently made 
removable so as to leave a ‘‘gap’’ close to the fixed 
headstock. An 8-inch gap lathe, for instance, such as 
fig. 3, can thus admit an article of 26 inches diameter 
instead of 16 inches only. 

Break lathes, such as fig. 4, carry the same principle 
still farther, so that they can take in work of consider- 
able length as well as of large diameter,—the treble- 
geared headstock and all other parts being in their case 
made of sufficient strength to bear the heavy strains 
which result from the increased size and weight of the 
work, a quality in which gap lathes are not unfre- 
quently deficient. Lathes of this kind were made by 
Mr. (now Sir Joseph) Whitworth as long ago as 1840, 
and the type is still the accepted one for general heavy 
turning, The face plates on which large work is 
chucked in these lathes are sometimes as much as 15 
feet in diameter. 
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Face lathes, of which the main duty is surfacing 
articles whereof the diameter is great but the length 
small, are very similar to the foregoing minus the 
entire right-hand portion of the bed and all that it 
carries. ‘They have occasionally been made for work 
of very large diameter,—such as turning the roller 
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Fic. 4.Self-acting Break Lathe. 


paths of 40 feet railway turn-tables,—though it is now 
tound preferable to turn such things in a horizontal 
position, in lathes of which the mandrels are vertical. 
But the point to which the growth of power-lathes 
has now attained will be best illustrated by the follow- 
ing interesting particulars of two which have been 
uite recently designed and made in the Royal Gun 
actories at Woolwich. Hach of these can take in a 
piece of work haying a maximum diameter of 12 feet 
and a total length of 386 feet,—which represents a truly 
appalling weight of metal to have to deal with,—their 
main dimensions, ete., being 


Height of centre of mandrel above the bed . 6 ft. 
MOtaiutomeTD OL DCM... < se ek eee 60 “ 
Length of fixed headstock........... Ios 
Diameter of front bearing of mandrel in do. 18 in. 
Length of do. do. 36)" 
Length of leading screw overall....... 52 ft. 3 in. 
Diameter of do, One apsaeeees (ey 5 7 in. 
Weight of fixed headstock, about. ...... 55 tons. 
Do. movable do. about....... LS iets 
Do. slide-rest and saddle, about... . 154 ‘ 
pboroloweignt, nearly. J. 6. kee we 300: *t 


In lathes of this enormous size—as in all machine 
tools of the heaviest class—great weight and a proper 
disposal of it on a thoroughly secure foundation are 
necessary for obtaining the rigidity which is a first 
essential to success. When, however, this and all 
other conditions have been fulfilled, and the tool and 
the speed have been suitably adjusted, the operation 
of paring off great shavings from the revolving mass 
becomes one of such apparent facility that it is almost 
difficult for a stranger to believe that it is not lead or 
even some yet softer substance, rather than wrought 
iron or steel, which is under treatment. 

It has been found that in heavy turning the best 
results are obtained by taking deep cuts at a low rate 
of speed, fast drivmg bringing no corresponding in- 
crease in the amount of work got through. Various 
other means have therefore been devised for accelera- 
ting operations. Hach of the Woolwich lathes just 
mentioned is furnished with two slide-rests, so that two 
independent cuts can be taken at once at different parts 
of the work. The duplex system effects the same thing 
in a different way, two slide-rests (one in front and the 
other at the back of the lathe) bemg mounted on one 
saddle and adjusted simultaneously by a single right 
and left-handed screw,—a plan which has the advan- 
tage of subjecting the work to two opposite strains 
which either wholly or partially balance each other. 
In some instances both the above advantages are com- 
bined by using two duplex rests at different parts of 
the bed. A quick hand traverse is another time-saving 
arrangement, now common to almost all screw-cutting 
‘lathes. It enables the slide-rest to be run quickly back 
from the end of one cut co the starting-puint of the 
next. In turning up a number of similar articles upon 
each of which several different tools have to be used in 


succession, the time which would be lost in changing | 
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the tools is sometimes saved by employing a capstan 
rest, in which the whole series of tools is so fixed once 
for all that each in turn can be brought to bear upon 
the work without further adjustment. 

Three examples of turning tools are given in fig. 5, 
the middle one being an ordinary hook tool, suited for 
outside work on wrought iron or steel, and the one 
above it a left-hand tool which can be used also for in- 
side. Their cutting edges are of course forged and 
ground straighter or more pointed or otherwise varied 

-— according to circumstances, and 
for cast iron or brass the angle 
of the edge is made much less 
acute, as in the lowest of the 
three in the engraving. The 
size of the steel from which 
they are made also varies, 2 
inches square being by no 
means exceptionally large, so 
that the weight of it uselessly 
employed in the shanks is very 
considerable, and altogether 
disproportionate to that re- 
quired for the cutting edges. The plan of fixing a 
aaoke steel cutter in an iron tool-holder, suggested 
many years ago by Mr. Babbage (which has already 
been mentioned in connection with foot lathes), has, 
however, not found the favor which at first sight might 
have been expected for it, in spite of the saving which 
it effects in this respect. 

For chasing long or coarse-threaded screws the above- 
mentioned screw-cutting lathes leave little or nothing 
to be desired. But for producing the large number of 
screwed bolts, studs, ete., now required in mechanical 
workshops more rapid methods must be had recourse 
to, and special machines for forging, turning, screw- 
ing, and finishing them have accordingly come into 
common use. Of these one example only can be given 
—the serewing machine, fig. 6—with which the threads 
of bolts or nuts are cut to the “‘ standard pitch’’ which 
now (happily) is almost universally accepted. Immense 
loss and inconvenience were formerly caused by the 
absence of uniformity in this respect, but, thanks to 
the persevering manner in which the efforts of Mauds- 
lay and Clement to put an end to this evil have been 
followed up by Whitworth, it has now almost ceased 
to exist, and any bolt or nut can be substituted for any 
other of a like size, however different the processes by 
which the two haye been manufactured. The machine 
(fig. 6) is in 
fact a lathe 
with a few 
special fea- 
tures, such 
as the hol- 
low man- 
drel, which 
enables it to 
operate up- 
on a bar of 
any length. 
Dies mount- 

Fie, 6—Secrewing Machine, ed on a 
modified form of slide-rest cut the thread to the full 
depth at a single traverse, and a simple arrangement 
enables nuts to be tapped with equal facility. In some 
other varieties of screwing machines, more particularly 
those intended for hand power only, the outward re- 
semblance to the turning lathe is less apparent, but if 
their action is looked into it will be found that in them 
as in almost all machine tools it is the principle of the 
slide which is mainly conducive to their success. 

Second only to the lathe in its importance stands the 
planing machine. Just as the slide renders it easy to 
turn a cylindrical surface true from end to end, a task 
which before its introduction had been one of extreme 
difficulty, even for the most highly skilled workman, 
so the planing machine supersedes, by a method giving 


Fia. 5.—Slide-Rest 
Tools. 
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yastly superior results, the difficult and costly process‘ 


of hand chipping and filing, by which flat surfaces of 
metal were formerly produced. Although it is a com- 

aratively modern invention, its real origin is obscure. 
No drawings or description of any planing machine at 
all resembling those now in use were published in 
England previously to those of one made by Clement 
in 1825, which appeared in the Transactions of the 
Society of Arts. .With this beautiful machine, which 
was of considerable size, being capable of admitting 
articles measuring as much as 6 feet in height or width, 
he obtained results which would satisfy all ordmary re 
quirements at the present day. 

The ordinary self-acting planing machine is shown in 
fic. 7. Its action bears no resemblance to the familiar 
process of wood planing, but is analogous to that by 
which the successive cuts of a narrow tool produce a 
cylindrical surface in a slide lathe. A traversing table 
carries the work and forces it against the tool, which 
is stationary while making its eut, but between the cuts 
has a slight ‘‘feed’’ motion along its horizontal slide. 
Perfectly parallel cuts are thus taken from every por- 
tion of the work in succession, the result being a sur- 
face, not indeed perfectly smooth and free from scores, 
but (what is generally far more important) possessing 
a general flatness and freedom from twist which can be 
obtained only with a great expenditure of time and 
trouble by hand labor. The extent to which machin- 
ery has cheapened work of this kind will be appreciated 
from the fact that in 1826 the cost of rendering a square 
foot of surface true by hand chipping and filing was 
12s., whereas in 1856 it could be done in the planing 
machine at acost of less than one penny. 

Planing machines, equally with lathes, are required 
not only to give good results but to give them quickly. 
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rest when it is large or heavy, and to give all the re- 
quisite movements to the tool. This view is now 
gradually gaining favor, and the makers of some recent 
machines have adopted a form of construction entirely 
different from the above, which has the advantage of 
enabling cuts either horizontal or vertical to be taken 
from any piece of work which can be secured to the 
base-plate, so that its full size is almost immaterial. 
An ordinary vertical drilling machine is represented 
in fig. 8, one of comparatively small size and single- 
geared having been chosen rather than a large exam- 
Q ple with greater complica- 
tion. When once properly 
started, this machine is self- 
acting, but for each hole the 
work has to be adjusted by 
hand so as to bring the re- 
quired portion exactly un- 
der the drill spindle, and 
the small sizeof the table 
prevents its being at any 
great distance from the edge. 
These objections are reme- 
died in larger machines, 
either by making the table 
capable of horizontal adjust- 
ment,—a good way of doing 
this being to pivot a circular 
table at the end of an arm 
which ean revolve round the 
main standard of the ma- 
chine,—or by mounting the 
drill spindle ona radial arm 
and enabling its distance 
from the standard to be varied. In the first case the 
tool is then distinguished as a ‘‘pillar’’ and in 
the second as a ‘‘ radial ’’ drilling machine. Hither 
of these methods enables the drill to be brought 
to bear exactly upon the desired spot (within cer- 
tain limits as to distance from the edge, ete.), the 
first by adjusting the work below the drill, the 
second by adjusting the drill over the work. A 
wall drill dispenses with a table altogether, and 
gives great facilities for operating on large pieces 
of work, especially if the means of adjustment is 
secured by the radial arm just mentioned. Maul- 
tiple drilling machines, with which a series of holes 
can be drilled at once, are serviceable tools for some 
purposes, mainly on account of the saving of time 
which they effect. Three drills are shown in fig. 
9, the first the old, bad, but not yet quite super- 
ceded pattern, which is incapable of making a 
straight or clean hole of any considerable depth, 


Fia. 8.—Vertical Drilling 
Machine. 


and which loses its original diameter both in wear 
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Fic. 7,—Planing Machine. 


Provision is therefore made for regulating the traverse 
of the table to suit the length of the cut, and for utili- 
zing or accelerating its return journeys. The former is 
sometimes done by fixing the tool in a revolving tool- 
holder or “jim crow,’’ so that its face can be always 
turned towards its cut, and for accomplishing the lat- 
ter there are various arrangements which give a ‘‘quick 
return ’’ to the table. It is also a common practice to 
use two tools at once, as in turning. It will be observed 
that the size of the work which can be treated in a 
planing machine, such as fig. 7, is strictly limited by 
the clear width between the standards, and the height 
of the horizontal slide above the table when at its high- 
est point. Although these dimensions are very con- 
siderable in the larger sizes, which can occasionally take 
in articles over 9 feet in width and height and 50 feet 
in length, yet itis sometimes desirable to be able to 
exceed them, and in these large machines the weight 
of the table and the power consumed in driving and 
reversing it become a serious consideration. Itis 
therefore mechanically preferable to keep the work at 


and in sharpening ; the second the tew/st drill, which 
compares favorably with it in every one of these 
- respects; and the third a pin drill, for enlarging a 
hole already existing. 

Boring machines deal chiefly with apertures of large 
diameter, for which great straight- 
ness and accuracy are required, 
such as the cylinders of pumps 
steam-engines, etc., or the bores of 
guns. The latter object brought 
them very early into existence, as 
already mentioned, and the general 
principle upon which the rude ma- 
chinery of more than a century 
ago bored out the old cast-iron 
mortars is still used for the power- 
ful weapons of our own day. It 
consists in the employment of a 
boring bar formed by mounting a 
series of cutters (or a combination 
of guides and cutters) round the 
periphery of a cylindrical ‘‘ head’’ somewhat less in 
diameter than the required bore. Tie. 10 will render 
evident the great similarity which exists between the 


Fie. 9.—Drills, 
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oldest and the most recent gun-boring heads, the one 
being taken from the Hneyclopédie already reterred to, 
and the 
other from 
a drawing 
of a boring- | 
bar used for 


a similar Fie. 10. —Gun-Boring Heads. 
urpose at 
oolwich. The head may be either a fixture at the 


end of its bar, in which case it forms a kind of drill 
with several cutting edges, or it may be so arranged 
as to traverse the bar to a small extent at each revo- 
lution,—a plan which is generally preferred for all 
open-ended cylinders, etc., and which admits of the 
work being kept stationary throughout the operation. 
The bar when in use is mounted either vertically or 
horizontally, according to circumstances, in a lathe or 
boring machine. The excellent results obtainable in 
this manner will be appreciated from the fact that 
with the eun-boring machinery at Woolwich a hole 10 
inches in diameter and 10 feet deep can be bored in 
solid steel at a single operation, and holes have been 
carried to a depth of 24 feet with a variation of less 
than +45 of an inch in the diameter. The accuracy 
of modern machine work indeed not unfrequently 
brings into prominence sources of error which were 
previously unsuspected. The boring of large cast iron 
cylinders affords an instance of this, for it has been 
found that however true the boring tool may be, the 
distortion of the cylinder itself, through being laid on 
its side, is sufficient to mar the results obtained with 
it; consequently it has been found necessary always to 
bore a large eylinder in the vertical position which it 
will oceupy when in use. 


In the construction of modern machinery, etc., it is often ne- 
cessary to depart from the simple geometric forms to the pro- 
duction of which the tools which have thus far occupied our 
attention are mainly adapted. We will now glance at some 
of the lubor-saving contrivances applicable to other cases. 

The slot drilling-machine effects (by a method said to have 
been first used about the year 1848) the conversion of the 
circular cavity producible with an ordinary drilling ma- 
chine into an elongated 
“slot” orslit. The extent 
of the elongation can be 
varied by increasing or 
diminishing the recipro- 
eating movement of the 
slide which carries the ro- 
tating drill. An example 
of it is given in fig. 11, 
and the cutting end of a 
roughing drill is shown to 
an enlarged scale. Where 
smoothness of the sunken surface is required this is follow- 
ed by a rose or some other finishing tool. 

The slotting machine (fig. 12) also cuts grooves and slots, 
but in an en- 
tirely different 
manner. Those 
who are ac- 
quainted with 
the wood mort- 
ising machine, 
from which the 
idea of this tool 
was derived by 
Roberts of Man- 
chester, will at 
once understand 
its principle, 
and will appre- 
ciate the good 
service which 
can be rendered 
by this power- 
ful paring tool. 
A large portion 
of the shaping, 


Fic. 11 —Slot Drilling. 
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which are sometimes of great size and power. The table 
on which the work is placed is pivoted and mounted 
on a compound slide, and a self-acting horizontal trans- 
verse or circular movement can thus be given to it. 

For work of moderate size shaping machines, which are 
of more recent introduction than either slotting or planing 
machines, both of which 
they resemble in their 
action, are in some re- 
spects more convenient. 
The slide which carries 
the tool is in their case 
horizontal, and its short 
but-variable strokes are 
in a direction transverse 
to the bed, along which it 
can travel, just as a slide- 
rest travels along a lathe 
bed. Curved — surfaces, 
either convex or concaye, 
as well as flat ones, can 
generally be worked up 
qgutomatically in these ma- 
chines, one of which is 
shown in fig. 13, but their 
details and arrangements vary considerably. For opera- 
ting upon small surfaces, especially those of complicated 
outline, the plan of employing a revolving cutter, re- 
sembling a circular file, is now gaining favor. It is inter- 
esting to note that. this is but a return to a system which 
is stated to have been devised by Dr. Hooke in 1664, and 
which was certainly used in some of the 
early “engines” for cutting the teeth 
of wheels. One such cutter or milling 
tool is shown in fig. 14. Others are of 
a plain cylindrical form, or are varied 
in outline to any extent to suit the 
particular purpose for which they are 
intended, amongst which purposes may 
be mentioned that of cutting the teeth 
of other milling tools. When mounted 
on a compound slide and used in a 
milling machine, a tool of this kind is a 
labor-saving contrivance of a very 
efficient kind, and it should be ob- 
served that it may in some cases be employed for finishing 
metal surfaces possessing a double curvature, to which none 
of the foregoing planing or shaping machines could be 
applied. 

Profiling or edge-milling machines are a still more recent 
application of the milling-tool system. They enable the 
curved or complicated outline of a previously prepared 
templet to be reproduced with certainty any number of 
times in succession. They are in fact copying machines, 
acting in a similar manner to Jordan's carving machine or 
Blanchard’s copying lathe, in both of which the form of 
the copy is derived from the original pattern by causing 
this pattern to control the movements of the revolving 
tool. 

Another class of machine tools, which has sprung up of 
late years and is rapidly extending, is that of emery grinders. 
One thing which has given much impetus to these is the 
now not unfrequent necessity for turning or shaping steel 
in a more or less hard condition, for doing which these and 
natural grinding-stones are the only substances practically 
available on a large scale, while the rapid wear of the latter 
unfits them for 
many of the 
purposes to 
which the arti- 
ficial prepara- 
tions of emery 
can be applied 
with great ad- 
vantage. Ac- 
cordingly emery 
wheels are now 
mounted for 
use in a great 
many different 
ways, — either 
on slide-rests as 
turning tools, 
in emery planers 
and emery shap- 
mg machines 


Fig. 13.—Shaping Machine. 


Fie. 14.— 
Milling Tool. 


ete., required in 
heayy work is 
now done in 
these machines, 


Fie. 12,Slotting Machine. 


(such as fig. 15), 
and various 
others in which 


Fie. 15.—Emery Shaping Machine. 
they take the place of steel cutters, or as tvol grinders either 
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general or special, in which the rival material, so far from’ 
supplanting steel, does much towards increasing its efficiency 
by enabling the process of grinding to be applied to many 
cutting tools which could previously be sharpened only 
with much greater labor and cost by other methods. Saws, 
grooved rimers and screw taps, and twist drills are familiar 
instances of this application. A high rate of speed is essen- 
tial for obtaining the full effect of an emery wheel, half a 
mile a minute being by no means an unusual or excessive 
rate of travel for its cutting surface. A considerable 
amount of heat is consequently developed at the point of 
contact with the work, and the composition of the wheel 
must be such that it can endure this without injury. Some 
which could not fulfil this requirement have long been 
used by native workmen in India, but others which could 
fulfil it were patented in England in 1842, though for years 
after this they were but little known or used. 

Punching and shearing machinery holds the same isolated 
position amongst machine tools that punches and shears 
occupy amongst cutting tools used by hand—if indeed 
either the one or the other can be regarded as cutting tools 
at all. Yet, for performing rapidly and in many cases 
without any waste of 
material, shears can 
often claim superior- 
ity to any other 
means available for 
accomplishing the 
same ends. The dia- 
gram (fig. 16) shows 
the old arrangement 
known as_ cropping 
shears, still in use at 
many iron-works, 
where - early appli- 
ances seem to enjoy a 
remarkable vitality. 
An example of a self- 
contained shearing 
and punching machine is given in fig. 17. The apparent ease 
with which machines of this kind, acting with a slow quiet 
stroke, shear or perforate plates of iron, even when of con- 
siderable thickness, gives an altogether false impression of 
the amount of power which the operation requires. Ar- 
rangements for obviating the difficulty of placing the work 


Fic. 16.—Cropping Shears. 


Fie. 17,—Punching and Shearing Machine. 


exactly in the correct position for each one of a series of 
holes to be punched in it were devised by Maudslay; his 
plan, which is the one now usually adopted, being to place 
a traversing table in front of the machine, from some part 
of which it is moved to a distance depending on the 
“pitch ” of the holes after each stroke of the punch. An- 
other system, by which the holes could be arranged in any 
required pattern, was subsequently invented by Roberts. 
The above examples of workshop tools have been con- 
fined to those to which the requisite power is transmitted 
from an independent steam-engine or some other prime 
moyver—the usual mode of transmission being by lines of 
shafting carrying pulleys or drums. Belts pass from these to 
similar pulleys, which may be observed on many of the 
machines in the engravings. But this is not the invariable 
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method. The prime mover may itself form part of the 
machine, as it does in the case of a steam-hammer. Or 
steam may be dispensed with and water confined under a 
high pressure substituted,—which constitutes the hydraulic 
system of distribution, now largely applied to the working 
of cranes and many other purposes, and to some extent also 
to machine tools. Punches and shears lend themselves 
readily to this system on account of their slow movements; 
so, too, do riveting machines. The distribution of power by 
hydraulic means, and also by compressed air, was patented 
by Mr. Bramah in 1796. Another formidable rival to steam 
also has now sprung up in the shape of electricity, and the 
results from it which are promised to us—-and which indeed 
seem likely to be obtained—will go far towards revolution- 
izing all our present ideas as to the difficulty of transmit- 
ting power to a distance, and will work a complete trans- 
formation in the aspect of the machine tools of the future. 

One other class of machines must be mentioned before 
concluding, viz., measuring machines. The greatly increased 
accuracy of modern work has rendered necessary the re- 
cording of very minute dimensions, such as are quite be- 
yond the measuring powers of ordinary rules and callipers. 
Difference engines, i.¢., machines which can measure minute 
differences between two articles—such as a standard gauge 
and an intended copy of it—have thus found a place in en- 
gineers’ works. To their arrangement and manufacture, as 
well as to that of standard measuring bars and gauges, Sir J. 
Whitworth has paid great attention, and he has achieved 
such success that in his workshop measuring machines a 
difference of zo45p part of an inch is readily appreciable. 
At the standards department of the Board of Trade there 
is one of these machines, used for the verification of stand- 
ard gauges, which reads to the zoqoq5 Of an inch; and with 
his most sensitive machines—which, however, require great 
care and special precautions in their use—the zopdq56 part 
of an inch can be detected. 

The social influence of machine tools we cannot discuss, 
though it is a subject upon which the diffusion of correct 
ideas is greatly needed. The days of mill-burning and im- 
plement-breaking mobs indeed are past, but the effect of 
the introduction of the machinery of which these tools are 
the parents is one which is still much misunderstood. 
More particularly is this the case amongst the hand-work- 
ing classes in England, who see clearly the local and tem- 
porary hardships which its introduction occasionally causes, 
but are blind to the greatly preponderating advantages 
which they reap from it in an especial degree. 

(C2PVB 83) 


MACKENZIE, Srr ALEXANDER (1755-1820), a 
Canadian explorer, was a native of Inverness. Having 
emigrated at an early age to Canada, he was for a 
number of years engaged in the fur trade at Fort 
Chipewyan, on the north side of the Lake of the Hills, 
and it was there that his schemes of travel were 
formed. His first journey (3d July to 27th Septem- 
ber, 1789)—for which he had prepared himself by a 
year’s study in England of astronomy and navigation— 
was from Hort Chipewyan along the Great Slave Lake - 
and down the river which now bears his name to the 
Frozen Ocean ; and his second (October, 1792, to July, 
1793), from Fort Chipewyan up the Peace river across 
to the Columbia river, and thence westward to the 
coast of the Pacific at Cape Menzies, opposite Queen 
Charlotte Islands. The narrative of these expeditions 
(Voyages through North America to the Mrozen and 
Pacific Oceans, London, 1801) is of considerable in- 
terest from the information it contains about the native 
tribes; and it is prefaced by an historical dissertation 
on the Canadian fur trade. Mackenzie was rewarded 
for his discoveries by the honor of knighthood in 1801. 

MACKENZIM, Str GrorGe (1636-1691), of Rose- 
haugh, knight, a prominent Scottish lawyer, was the 
grandson of Kenneth, first Lord Mackenzie of Kintail, 
and the nephew of Colin and George, first and second 
earls of Seaforth; his mother was a daughter of Dr. 
Andrew Bruce, principal of St. Leonard’s College, St. 
Andrews. He was born at Dundee in 1636, and, hav- 
ing passed through the grammer school there, was 
sent at an early age to college at Aberdeen, and after- 
wards at St. Andrews, graduating at sixteen. He then 
engaged for three years in the study of the civil law at 
Bourges; on his return to Scotland he was called to — 
the bar in 1656, and before the Restoration had risen 
into considerable practice. Immediately after the 
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Restoration he was appointed a ‘‘justice-depute,”’ and | 
Pp pute, 


itis recorded that he and his colleagues in that office 
were ordained by the parliament of 1661 ‘‘ to repair, 
once in the week at least, to Musselburgh and Dal- 
keith, and to try and judge such persons as are there 
or thereabouts delate of witcheraft.’’ In the same 
year he acted as counsel for the marquis of Argyll; 
soon afterwards he was knighted, and he represented 
the county of Ross during the four sessions of the par- 
liament which was called in 1669. He succeeded Sir 
John Nisbet as king’s advocate in August, 1677, and 
in the discharge of this office became implicated in all 
the worst acts of the Scottish administration of Charles 
IL., earning for himself an unenyiable distinction as 
‘‘the bloody Mackenzie.’”’ His refusal to concur in 
the measures for dispensing with the penal laws against 
Catholics led to his removal from office in 1686, but he 
was reinstated in February, 1688. Atthe Revolution. 
being a member of convention, he was one of the mi- 
nority of five in the division on the forfeiture of the 
crown. King William was urged to declare him in- 
capacitated for holding any public office, but refused to 
accede to the proposal. When the death of Dundee 
(September, 1689), had finally destroyed the hopes of 
his party in Scotland, Mackenzie betook himself to Ox- 
ford, where, admitted a student by a grace passed on 
June 2, 1690, he was allowed to spend the rest of his 
days in the enjoyment of the ample fortune he had ac- 

uired, and in the prosecution of his literary labors. 

ne of his last acts before leaving Edinburgh had been 
to pronounce (March 16, 1689), as dean of the faculty 
of advocates, the inaugural oration at the foundation 
of the Advocates’ Library. He died at Westminster 
on May 8, 1691, and was buried in Greyfriars church- 
yard, Hdinburgh. 

While still a young man Sir George Mackenzie appears to 
have aspired to eminence in the domain of pure literature, 
his earliest publication having been Aretina, or a Serious 
Romance (anon., 1660); it was followed, also anonymously, 
by Religio Stoici, a Short Discourse upon several Divine and 
Moral Subjects (1663), A Moral Lssay, preferring Solitude to 
Public Employment (1655), and one or two other disquisitions 
of a similar nature. None of these earlier efforts are now 
readif they ever were; and perhaps Mackenzie’s strongest 
claim to be remembered at all in connection with belles 
lettres is that which rests upon Dryden’s grateful remi- 
niscence of some stimulating conversation held with “ that 
noble wit of Scotland, Sir George Mackenzie,” about 1673. 
(See Dryden’s “Discourse on the Origin and Progress of 
Satire,” prefixed to his Juvenal in 1693.) His most import- 
ant legal works are entitled A Discowrse upon the Laws and 
Customs of Scotland in Matters Criminal (1678), Observations 
upon the Laws and Customs of Nations as to Precedency, with the 
Science of Heraldry (1680), Institutions of the Law of Scotland 
(1684), and Observations wpou the Acts of Parliament (1686) ; 
of these the last-named is the most important, the Jnstitu- 
tions being completely overshadowed by the similar work 
of his great contemporary Stair. In his Jus Regiwm; or the 
Just and Solid Foundations of Monarchy in general, and more 
especially of the Monarchy of Scotland, maintained (1684), Mac- 
kenzie appears as an uncompromising advocate of the high- 
est doctrines of prerogative. His Vindication of the Government 
of Scotland during the reign of Charles II. is valuable as a 
piece of contemporary history. The collected Works were 
published at Edinburgh (2 vols, fol.) in 1716-22; and Me- 
moirs of the Affairs of Scotland from the Restoration of King 
Charles I1., from previously unpublished MSS., in 1821. It 
may be well toadd that the subject of this notice must not 
be confounded with Dr. George Mackenzie, the author of 
Lines und Characters of the Most Eminent Writers of the Scots 
Nation (1708-22). 


MACKENZIN, Henry (1745-1831), was born at 
Edinburgh in August, 1745. His father was Dr. 
Joshua or Josiah Mackenzie, a successful physician, 
who also cultivated letters in a small way. Mackenzie 
got the ordinary education of a youth in his position 
at the high school and university of Edinburgh, and 
was afterwards articled to Mr. Inglis, who was then 
attorney for the crown in the management of ex- 
chequer affairs, T’o this comfortable post, the author 
in due time succeeded, and perhaps knew as little as 
any of that tribe ever did about the struggles and sor- 
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rows of aliterary career. For his work’s sake it would 
have been better if he had travelled some of life’s 
rougher paths, or else been content to write about what 
he had actually seen in the Scottish world of that day. 
There was plenty of material there if he had had the 
open eye to see it, as Walter Scott showed by and by ; 
and it 1s a pity that Mackenzie did not try his hand at 
it, having been more in the heart of it than Scott 
could ever have been. As it is, his stories are clearly 
not the fruit of his experience, but rather the echo of 
his reading. He could write graceful enough sentences, 
somewhat artificial, yet smooth and pointed; but the 
men he describes are mere shadows, and the life alto- 
gether unreal. His first and best-known work, The 
Man of Keeling, was published anonymously when he 
was only twenty-six years of age, and soon became 
highly popular. It was a droughty season in Scottish 
literature, and therefore any little blossom, however 
sickly, was welcome for its rarity. Hume and Robert- 
son and Smith had left the scene; Burns was just 
learning to think of the daisy he turned up with his 
ploughshare, and Fergusson had lately closed his brief 
and troubled career. Mackenzie had the field all to 
himself, and got the attention which is given to a soli- 
tary figure. Heé had read the Sentimental Journey, as 
one can see from expressions here and there, as well as 


from the affectation of writing his story in a fragmen- 


tary form; but he had not a gleam of Sterne’s humor 
to relieve the sentimentality. Hehad read Richardson 
too, but he had none of that writer’s subtle insight 
into character. Perhaps Goldsmith was his real model, 
but the likeness was as that between a fire-fly and a 
star. The ‘‘ man of feeling’’ is a weak foolish creature, 

ossessed with a futile benevolence, who goes up to 

ondon, where his friends should never haye let him go, 
and meets a variety of sharpers, and comes out of their 
hands pretty much as Goldsmith makes the vicar’s son 
do, only without the fun that clings to poor Moses. 
For this book is all in one key, sentimental and 
lachrymose, and the hero dies at last, from no particu- 
lar cause, in a highly tragic fashion beside his fainting 
mistress. His next work, Vhe Man of the World, is 
the picture of a born villain, a rogue in grain, who be- 
gins his rascality at school, perhaps earlier, and car- 
ries it through with entire consistency to the end. The 
man is unnaturally bad, and the incidents are badly un- 
natural; and such a book at present would only find a 
place in some third-rate penny paper, if even there. 
Julia de Roubigné, his only other novelette, was meant 
to depict the misfortunes of a number of quite blame- 
less people—to be, in short, a tragedy without a villain, 
an Othello without an Iago. But, as it has no insight, 
and does not even try to have any insight, into the 
mystery of such calamities, the result is insipid and 
tedious. All these works had great popularity in their 
day; but that day is long past, and what life they now 
have is only a tradition. 

Mackenzie also wrote several dramas, mostly of the 
tragic sort, for in that tone he had won his successes, 
such as they were. But one who had no conception of 
distinct character, of human individuality, was not likely 
to succeed in the drama, which depends more on that 
than on anything; and hence it was not our author’s 
good fortune to deliver his country from the stigma of 
never having produced a genuine tragedy. Of The 
Spanish Father, The Prince of Tunis, and The Ship- 
wreck, the second was brought on the stage, and man- 
aged to live for six nights; the other two were still- 
born, and probably no man living has ever read them, 
unless for purely critical purposes. 

But Mackenzie, if nowise a great writer, but quite 
otherwise essentially a small writer, with a knack of 
making sentences indeed, but having nothing particu- 
lar of his own to say, was not therefore altogether a 
useless man in his day. That he did well for himself, 
and perhaps for the exchequer too is quite likely, even 
though he toiled in the high-Tory service of Dundas, 
and wrote tracts meant to ‘‘ broom”’ out of the coun- 
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try the tide of French Revolutionary notions. At any 
rate he became in his old age a kind of literary centre 
and social power in Edinburgh, when that was really 
needed and useful. He had known John Home and 
blind Dr. Blacklock, and wrote lives of them; but, 
what is of more consequence, he was among the first to 
recognize the genius of Robert Burns, as editor of he 
Lounger, which he and a group of young men with 
some literary tastes wrote and printed for some years. 
Yet, though he once breakfasted with Johnson, and 
certainly met Burns more than once, he has told us 
nothing about either of them, though a page of Burns’s 
talk would have been worth all Vhe Man of Feeling 
twice told. It was so far good, however, that he hailed 
the peasant poet cordially, which we could hardly have 
hoped so artificial a writer would do, and eyen better 
that he noticed the dawn of German literature when 
Lcesing and Schiller rose above the horizon, and not 
only wrote some account of them taken from French 
sources, but boldly set to the study of German that he 
might really know them at first hand. How far he 
went in that study we do not know, only he set young 
Walter Scott on the scent, with results such as he him- 
self could never have imagined. So he lived on, akind 
of smal] king in the Edinbur. eh literary world, till 1831, 
dying in his eighty-sixth year, with a wonderful new 
world around him, which had not yet begun to criticize, 
but only to admire and honor him. 

MACKEREL. Mackerels are pelagic fishes, belong- 
ing to a small family, Scombride, of ie h the tunny, 
bonito, albacore, sucking-fish (cheners), and a few 
other tropical genera are members (see IcnrHyoLoey, 
vol. xii. p. 728). Although the species are fewer in 
number than in the majority of other families of fishes, 
they are widely spread and extremely abundant, peo- 
pling by countless schools the oceans of the tropical and 
temperate zones, and approaching the coasts only acci- 
dentally, occasionally, or periodically. The mackerels 
proper (genus Scomber) are readily recognized by their 
elegantly shaped, well-proportioned body, shining in 
iridescent colors. Small, thin, deciduous scales equally 
cover nearly the entire body. The dorsal fin extends 
over a great part of the back, and consists of several 
portions: the anterior, composed of feeble spines which 
can be laid backwards in a groove; the posterior, of 
rays only, of which the five or six hindmost are detached, 
forming isolated ‘‘finlets.’’ The shape of the anal fin 
is similar to that of the rayed dorsal. The caudal fin is 
crescent-shaped, strengthened at the base by two short 
ridges on each side. The mouth is wide, armed above 
and below with a row of very small, fixed teeth. 

No other fish shows finer proportions in the shape of 
its body. Every ‘‘line”’ of its build is designed and 
eminently adapted for rapid progression through the 
water ; the muscles massed along the vertebral column 
are enormously developed, especially on the back and 
the sides of the tail, and impart to the body a certain 
rigidity which interferes with abruptly sideward mo- 
tions of the fish. Therefore mackerel generally swim 
in a straightforward direction, deviating sidewards only 
when compelled, and rarely turning about in the same 
spot. They are in almost continuous motion, their 
power of endurance being equal to the rapidity of their 
motions. Mackerel, like all fishes of this family (with 
the exception, perhaps, of Echeneis, which has not yet 
been examined in this respect), have a firm flesh ; that 
is, the muscles of the several segments are interlaced, 
and receive a greater supply of blood-vessels and nerves 
than in other fishes. Therefore the flesh, especially of 
the larger kinds, is of a red color; and the energy of 
their muscular action causes the temperature of their 
blood to be several degrees higher than in other fishes. 

All fishes of the pa family are strictly carniv- 
orous; they unceasingly pursue their prey, which con- 
sists principally of other fish and pelagic crustaceans. 
The fry of clupeoids, which likewise swim in schools, are 
followed by the mackerel until they reach some shallow 
part of the coast, which their enemies dare not enter. 
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Mackerels are found in almost all tropical and tem- 
perate seas, with the exception of the Atlantic shores 
of temperate South America, where they have not 
hitherto been met with. The distinctive characters of 
the various species have not yet been fully investigated ; 
and there is much confusion in the discrimination of 
the species. So much is certain that the European 
mackerel are of two kinds, of which one, the common 
mackerel, Scomber scomber, lacks, while the other pos- 
sesses, an air-bladder. The best-known species of the 
latter kind is Scomber colias, the ‘‘ Spanish’’ mack- 
erel;1.a third, Scomber pneumatophorus, is believed 
by some ichthyologists to be identical with S. colias. 
Be this as it may, we have strong evidence that the 
Mediterranean is inhabited by other species different 
from S. scomber and S. colias, and well characterized 
by their dentition and coloration. Also the species 
from St. Helena is distinct. Of extra-Atlantie spe- 
cies the mackerel of the Japanese seas are the most 
nearly allied to the European, those of New Zealand 
and Australia, and still more those of the Indian Ocean, 
differing in many conspicuous points. ‘Two of these 
species occur in the British seas: Scomber scomber, 
which is the most common there as well as in other 
parts of the North Atlantic, crossing the ocean to 
America, where it abounds ; andthe Spanish mackerel, 
Scomber colias, which is distinguished by a somewhat 
different pattern of coloration, the’ transverse black 
bands of the common mackerel being in this species 
narrower, more irregular or partly broken up into spots, 
while the scales of the pectoral region are larger, and 
the snout is longer and more pointed. The Spanish 
mackerel is, as the name implies, a native of the seas of 
southern Europe, but single individuals or small schools 
reach frequently the shores of Great Britain and of the 
United States. 


The home of the common mackerel (to which the follow- 
ing remarks refer) is the North Atlantic, from the Canary 
Islands to the Orkneys, and from the Mediterranean and 
the Black Sea and the coasts of Norway to the United 
States. 

Towards the spring large schools approach the coasts. 
Two causes have been assigned of this migration: first, the 
instinct of finding a suitable locality for propagating their 
species ; and, secondly, the search and pursuit of food, which 
in the warmer season is more abundant in the neighborhood 
of land than in the open sea. It is probable that the latter 
is the true and only cause, for the following reasons :— 
mackerel are known to increase much more rapidly in size 
while in the neighborhood of land than in the months dur- 
ing which they lead a roving pelagic life in the open sea; 
and, further, one-year and two-year-old fishes, which have 
not yet attained maturity, and therefore do not travel 
landwards for the purpose of spawning, actually take the 
lead in the migration, and are followed later on by the 
older and mature fishes. Finally, according to the obser- 
vations made by Sars, vicinity of land or shallow water are 
not necessary conditions for the oviposition of mackerel ; 
they spawn at the spot which they happen to have reached 
during their wanderings at the time when the ova have 
attained their full development, independently of the dis- 
tance of the land or of the depth of water below them, as 
the ova float and the embryo is developed on the surface 
of the water. 

In the month of February, or in some years as early as 
the end of January, the first large schools appear at the 
entrance of the English Channel, ‘and are met by the more 
adventurous of the drift-net fishers many miles west of the 
Scilly Islands. These early schools, which, as we mentioned 
above, consist chiefly of one-year and two-year-old fishes, 
yield sometimes enormous catches, whilst in other years 
they escape the drift-nets altogether, passing them, for 
some hitherto unexplained reason, at a greater depth than 
that to which the nets reach, viz., 20 feet. As the season 
advances, the schools penetrate farther northwards into St, 
George’s Channel or eastwards into the English Channel. 
The fishery then assumes proportions which render it next 
in importance to the herring and cod fisheries. In Ply- 
mouth alone a fleet of some two hundred boats assembles ; 
and on the French side of the Channel no less capital and 
labor are invested in it, the vessels employed being, though 
less in number, larger ia size than on the English side. 


1 The term “Spanish mackerel” is applied to a very different 
fish in America, viz., Cybium maculatum. 
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Simultaneously with the drift-net the deep-sea-seine and 
shore-seine are used, which towards June almost entirely 
supersede the drift-net. 
fish become heavy with spawn, and are in the highest con- 
dition for the table; and the latter half of June or begin- 
ning of July may be regarded as the time at which the 
greater part of mackerel spawn. 

Mackerel are scarcely less abundant in the German 
Ocean; probably some of the schools never leave it, and 
this resident stock (if we are allowed to apply this term to 
a fish which is ever shifting its quarters) is increased by the 
schools coming from the Atlantic through the English 
Channel or round the north coast of Scotland. The schools 
approach the coasts of the German Ocean somewhat later 

’ jn the season, partly owing to the greater severity of the 
weather, which detains the resident fishes in the open sea, 
and partly owing to the greater distance which the Atlantic 
shoals have to travel. On the Norwegian coast mackerel 
fishing does not begin before May, whilst on the English 
coasts large catches are frequently made in March. Large 
cargoes are now annually imported in ice from Norway to 
the English markets. 

After the spawning the schools break up into smaller 
companies which are much scattered, and offer for two or 
three months employment to the hand-line fishermen. 
They now begin to disappear from the coasts and return to 
the open sea. Single individuals or small companies are 
found, however, on the coast all the year round; they may 
have become detached from the main bodies, and be seeking 
for the larger schools which have long left on their return 
migration. 

Although, on the whole, the course and time of the 

_annual migration of mackerel are marked with great regu- 
larity, their appearance and abundance at certain localities 
are subject to great variations. They may pass a spot at 
such a depth as to evade the nets, and reappear at the sur- 
face some days after farther eastwards; they may deviate 
from their direct line of migration, and eyen temporarily 
return westwards. In some years between 1852 and 1867 
the old mackerel disappeared off Guernsey from the sur- 
face, and were accidentally discovered feeding at the bottom. 
Many were taken at 10 fathoms and deeper with the line, 
and all were of exceptionally large size, several measuring 
18 inches, and weighing nearly 3 tb; these are the largest 
mackerel on record. 

The mackerel most esteemed as food is the common 
species, and individuals from 10 to 12 inches in length are 
considered the best flavored. In more southern latitudes, 
however, this species seems to deteriorate, specimens from 
the coast of Portugal, and from the Mediterranean and 
Black Sea, being stated to be dry and resembling in flavor 
the Spanish mackerel (S. colias), which is not esteemed for 
the table. See also FisHERIEs. CA CrGs) 


MACKINTOSH, Sr Jamus (1765-1832), publicist, 
historian, statesman, and philosopher, was born at 
Aldourie, 7 miles from Inverness, in 1765. He came 
of old Highland families both through his father and 
his mother. Of the former, who was an officer in the 
army, and was mostly on duty abroad, he saw but 
little, and he spent his early years under the care of 
his mother and her relatives. Ata very early age 

-young James bore the reputation of a prodigy for 
multifarious reading and learning. His schooling he 
received at Fortrose, whence he went in 1780 to college 
at Aberdeen. As a student in the arts faculty there 
his reading extended far beyond the bounds of the 
curriculum; but the influence that most powerfully 
formed his mind was the companionship of Robert 
Hall, afterwards so famous as a pulpit orator, with 
whom he ardently beat the usual round of vexed ques- 
tions. In 1784 he proceeded for the study of medicine 
to Hdinburgh, where he found a still more congenial 
field for his opening mind, at a time when Hume had 
been dead just eight years, while Adam Smith, Dr. 
Black the father of chemistry, Dr. Cullen, Robertson, 
Ferguson, and other eminent men, were resident there. 
Mackintosh participated to the full in the intellectual 
ferment, but did not quite neglect his medical studies, 
and took his degree, though with characteristic un- 
punctuality he kept the professors waiting for a con- 
siderable time on the examination morning. 

In 1788 Mackintosh removed to London, then agi- 
tated by the trial of Hastings and the king’s first lapse 
into insanity. He was much more interested in these 
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and other political events than in his professional pros- 
pects; and his attention was specially directed to the 
events and tendencies which caused or preceded the 
Reyolution in France. In the year of his removal to 
London his father died, and he succeeded to the family 
estate, which, being small and burdened, brought very 
little income; and, as he made no headway in his pro- 
fession, his financial outlook was not very bright. It 
was under these circumstances that he wedded his first 
wife Catherine Stuart. Yet his marriage was a happy 
event for him. His wife’s prudence was a corrective 
to his own unpractical temperament, and his efforts in 
journalism soon became fairly profitable. Mackintosh 
was soon absorbed in the question of the time; and in 
April, 1791, after long meditation, he published his 
Vindicie Gallic, a reply to Burke’s Reflections on 
the French Revolution. It was the only worthy answer 
to Burke that appeared. It placed the author in the 
front rank of Huropean publicists at the age of twenty- 
five, and won‘him the friendship of some of the most 
distinguished men of the time, including Burke him- 
self. About the same time he became honorary secre- 
tary of the association of the Friends of the People. 
The success of the Vindicie finally decided him to give 
up the medical for the legal profession? He was called 
to the bar in 1795, and gained a considerable reputa- 
tion there as well as a tolerable practice. During this 
period his greatest public efforts were his lectures (1799 

at Lincoln’s Inn on the law of nature and nations, of 
which the introductory discourse was published, and 
his eloquent defence (1803) of Jean Peltier, a French 
refugee, tried at the instance of the French Govyern- 
ment for a libel against the first consul. In 1804 he 
was created knight, and received the post of recorder 
at Bombay, where he spent the next seven years of his 
life. The spoilt child of London society was not at 
home in Bombay. He did seek to interest himself in 
India, and in imitation of Sir William Jones, founded 
the Literary Society of Bombay; but the current 
literature of Hurope was far more engrossing than the 
old Indian life, and the packet with the latest tidings 
from Kurope and the newest development of the 
Napoleonic drama was infinitely more interesting than 
either. In spite of his scholarly and historic sympa- 
thies, his heart always was with the new era, and he 
was glad to return to England, where he arrived in 
1812. True to his old faith, he courteously declined 
the offer of Perceval to resume political life under the 
auspices of the dominant Tory party, though tempting 
prospects of office in connection with India were 
opened up. He entered parliament in the Whig in- 
terest as member for Nairn. He sat for that county, 
and afterwards for Knaresborough, till his death. In 
London society, and in Paris during his occasional 
visits, he was a recognized favorite for his genial wisdom 
and his great conversational power. On Madame de 
Stael’s visit to London he was the only Englishman 
capable of representing his country in talk with that 
phenomenal woman. His parliamentary career was 
marked by the same wide and candid liberalism as his 
private life. He opposed the repressive and reactionary 
measures of the fon Government, supported and 
afterwards succeeded Romilly in his efforts for reform- 
ing the criminal code, and took a leading part both in 
Jatholic emancipation and in the Reform Bill. But 
he was too little of a partisan, too widely sympathetic 
and candid, as well as too elaborate, to be a telling 
speaker in parliament, and was consequently sur- 
passed by more practical men whose powers were in- 
comparably inferior. From 1818 to 1824 he was pro- 
fessor of law and general politics in the Hast India 
Company’s College at Haileybury. 

In the midst of the attractions of London society and 
of his parliamentary avocations Mackintosh felt that 
the real work of his life was being neglected. His 
great ambition was to write a history of Kngland. His 
studies both in Mnglish and foreign speculation led him 
to cherish the design also of making some worthy con- 
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tribution to philosophy. There is real pathos in the 
fact that it was not till 1828, when he was sixty-three 
years of age, and even then only at the instance of 

Lacvey Napier, editor ofthe Encyclopedia Britannica, 
that he set about the first task of his literary ambition. 
This was the Dissertation on the Progress of Ethical 
Philosophy, prefixed to the seventh edition of the 
Encyclopedia. The dissertation, written mostly in 
iNl-health and in snatches of time taken from his 
parliamentary engagements, was published in 1831. 
About the same time he wrote for the Cabinet Cyclo- 
pedia a ‘History of England fromthe Harliest ‘Times 
to the Final Establishment of the Reformation.”’ His 
more elaborate //istory of the Revolution, for which he 
had made great researches and collections, was not 
published till after his death. Already a privy coun- 
cillor, Mackintosh was appointed commissioner for the 
affairs of India under the Whig administration of 1830, 
He died in 1832. 

Mackintosh was undoubtedly one of the most cultured 
and catholic-minded men of his time. His studies and 
sympathies embraced almost every human interest, except 
pure science. But it was the width of his intellectual 
sympathies joined to a constitutional indecision and vis in- 
erliv that prevented him from doing more enduring work. 
Thus it was that his actual achievements came so far short 
both of his real power and of the promise given in his early 
efforts. The works of Mackintosh which have the best 
claim to permanent value are the Vindiciw Gallice, the 
Dissertation, and the History of the English Revolution. Of 
the three the first isthe greatest both in ability and historical 
significance. It is the verdict of a philosophie Liberal on 
the development of the French Revolution up to the spring 
of 1791, and is at thesame time a sympathetic estimate of its 
causes, principles, and tendencies. While respectful to his 
great opponent, he is firm and manly in his assertion of 
the rights and interests of man so deeply concerned in the 
Revolution. Its excesses compelled hin a few years after 
to express his entire agreement with the opinions of Burke; 
but few will now deny that his early judgment was the 
more correct. The Dissertation is a sketchy and fragment- 
ary work, redeemed by catholic criticism and ingenious 
suggestion. It was a great undertaking, for which half a 
lifetime would hardly have been sufficient, attempted at a 
time when the study/of the history of philosophy had 
hardly been begun. Yet his suggestions as to the forma- 
tion of conscience are valuable. The History of the Revolu- 
tion in England in 1688, which is only a posthumous frag- 
ment of a long-meditated history of England beginning 
with the Revolution, is written in a style of calm and lofty 
impartiality. It is wanting in coloring, in movement, in 
the concrete and picturesque, and could never have been a 
popular history. 1t gives the history only of three years 
(1685-88), breaking off at the point where William of 
Orange is preparing to intervene in the affairs of England. 
The account of the early career of the prince is a noble and 
striking piece of work, showing that, if the author could 
have resisted the charms of society and applied himself res- 
olutely to historical composition, he might have achieved 
something really great in that department. 

See the Memoirs of Sir James Mackintosh's Life, edited by his son; 
also Maeaulay's Essay on Sir J. Mackintosh. 


MACLAURIN, Conrn (1698-1746), one of the most 
eminent among the mathematicians and philosophers 
that Great Britain has produced, was the son of a 
clergyman, and born at Kilmodan, Argyllshire, in 
1698. At the early age of eleven years he entered the 
university of Glasgow, where he graduated as master 
of arts in his sixteenth year. While at the university 
he exhibited a decided genius for mathematics, more 
especially for geometry ; and it is said that before the 
end of his sixteenth year he had discovered many of the 
theorems afterwards published in his Geometria Or- 
ganica. 

In 1717 he was elected professor of mathematics in 
Marischal College, Aberdeen, as the result of a com- 
petitive examination. Two years later he was admit- 
ted a fellow of the Royal Soeiety, and in a visit to Lon- 
don made the acquaintance of Newton, whose friendship 
and esteem he afterwards enjoyed. In 1719 he pub- 
lished his Geometria Organica, sive descriptio linearwm 
curvarum wniversalis. This work was inspired by the 
beautiful discoveries of Newton on the organic descrip- 
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tion of conic sections. In it Maclaurin introduced the 
well-known method of generating conics which bears 
his name, and showed that many species of curves of 
the third and fourth degrees can be described by the 
intersection of two movable angles. In 1721 he wrote 
a supplement to the Geometria Organica, which he 
afterwards published, with extensions, in the Philo- 
sophical Transactions for 1735. This paper is princi- 
pally based on the following general theorem, which is 
a remarkable extension of Pascal's hexagram: “Ifa 
polygon move so that each of its sides passes through 
a fixed point, and if all its summits except one describe 
curves of the degrees m, n, p, ete., respectively, then 
the free summit moves on a curve of the degree 
2mnp .... which reduces to mnp.. . when the 
fixed points all lie on a right line.” 

In 1722 Maclaurin travelled as tutor and companion 
to the eldest son of Lord Polwarth, and after a short 
stay in Paris resided for some time in Lorraine, 
where he wrote an essay on the percussion of bodies, 
which obtained the prize of the French Academy of 
Science for the year 1724. The following year he was 
elected professor of mathematics in the university of 
Kdinburgh on the urgent recommendation of Newton. 
After the death of Newton in 1728, his nephew, Mr. 
Conduitt, applied to Maclaurin for his assistance in 
publishing an account of Newton’s life and dis- 
coveries. This Maclaurin gladly undertook, but be- 
fore the account was written the death of Mr. Conduitt 
put a stop to the project. It was not until many years 
afterwards, and subsequently to Maclaurin’s death, 
that this account of Newton’s philosophical discoveries 
was published (1748). 

In 1740 Maclaurin obtained the high distinction of 
dividing with Euler and Daniel Bernoulli the prize 
afored 1 the French Academy of Science for an essay 
on the flux and reflux of the sea. This important 
memoir was subsequently revised by him, and inserted 
in his Treatise on Fluxions, which was published at 
Edinburgh in 1742, in two volumes. In the preface 
he states that the work was undertaken in cohsequence 
of the attack on the method of fluxions made by 
Berkeley in 1734, under the title of The Analyst. 
Maclaurin’s object was to found the doctrine of fluxions 
on pocmecnel demonstration, after the manner of 
Archimedes and the ancient mathematicians, and 
thus to answer all objections to its method as being 
founded on false reasoning and full of mystery. He 
thus laid down the grounds of the fluxional method, 
regarding fluxions as velocities, after Newton. He 
proceeded to give an extensive application of the 
method to curves, surfaces, and the other subjects 
usually discussed in works on the differential and in- 
tegral calculus, his treatment being almost exclusively |. 
geometrical; but the most valuable part of the work 
is that devoted to physical applications, in which he 
embodied his essay on the tides, as stated above. 

In this he investigated the attraction of an ellipsoid 
of revolution, and showed that a homogeneous fluid 
mass revolving uniformly round an axis under the 
action of gravity ought to assume the form of an 
ellipsoid of revolution. The importance of this in- 
vestigation in connection with the theory of the tides, 
the figure of the earth, and other kindred questions 
has always caused it to be regarded as one of the great 

roblems of mathematical physics. Thus Clairaut, 
Dy Alembert, Lagrange, Legendre, Laplace, Gauss, 
lyory, Poisson, Jaco i, Chasles, and other eminent 
mathematicians have successively attacked the prob- 
lem, and in doing so have declared their’ obligations to 
Maclaurin as the creator of the theory of the attraction 
of ellipsoids. Lagrange’s statement as to Maclaurin’s 
discoveries deserves to be especially cited: after observ- 
ing that the attraction of a spheroid of revolution is 
one of the problems in which the method of the an- 
cients has advantages over that of modern analysis, he 
adds that Maclaurin’s investigation is ‘‘ un chef 
d’ceuvre de géométrie qu’on peut comparer & tout ce 
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qu Archiméde nous a laissé de plus beau et de plus 
ingénieux’’ (Mém. de ? Acad. de Berlin, 1773). It 
may be added that Maclaurin was the first to introduce 
into mechanics, in this discussion, the important con- 
ception of sarfaces of level, namely, surfaces at each 
of whose points the total force acts in the normal 
direction. He also gave in his F/uxions, for the first 
time, the correct theory for distinguishing between 
maxima and minima in general, and pointed out the 
importance of the distinction in the theory of the 
multiple points of curves. 

In 1745, when the rebels, having got between Eiin- 
burgh and the king’s troops, were marching on that 
city, Maclaurin took a most prominent part in prepar- 
ing trenches and barricades for its defence. This occu- 
pied him night and day, and the anxiety, fatigue, and 
cold to which he was thus exposed, affecting a consti- 
tution naturally weak, laid the foundation of the 
disease to which he afterwards succumbed. As soon 
as the rebel army got possession of Edinburgh, Mac- 
laurin fled to England, to avoid making the submission 
to the Pretender which was demanded of all who had 
defended the town. He accepted the invitation of Dr. 
Herring, then archbishop of York, with whom he 
remained until it was safe to return to Edinburgh. 
From that time his health was broken, aud he died of 
dropsy on June 14, 1746, at Kdinburgh, in his forty- 
eighth year. Maclaurin was married in 1733 to Anne, 
daughter of Walter Stewart, solicitor-general for Scot- 
land. His eldest son, John, born in 1734, was dis- 
tinguished as an advocate, and was appointed one of 
the judges of the Scottish Court of Session, with the 
title of Lord Dreghorn. He inherited an attachment 
to scientifie discovery, and was one of the founders of 
the Royal Society of Hdinburgh, in 1782. 

After Maclaurin’s death his account of Newton’s phil- 
osophical discoveries was published, and also his algebra in 
1748. As an appendix to the latter appeared his work, De 
linearun geometricarum proprietatibus generalibus tractatus, 
a treatise of remarkable elegance. Of the more immediate 
successors of Newton in Great Britain Maclaurin is prob- 
ably the only one who can be placed in competition with 
the great mathematicians of the Continent at the time, 
and his name will ever be held in remembrance in connec- 
tion with his important discoveries. Among his publications 
in the Philosophical Transactions the following should be 
noticed : 

(1) “ Tractatus de curvarum constructione et mensura, ubi 
plurime series curvarum infinite vel rectis mensurantur, 
vel ad simpliores curvas reducuntur,” May, 1718. The series 
of curves here treated are what are now styled “ pedal’ 
curves, which hold an important place in the modern dis- 
cussion of curves. Maclaurin established many geometrical 
properties connecting a curve with its pedal. He investi- 
gated the properties of the successive pedals of a circle 
with respect to a point on its circumference, also those of 
the pedals of curves for which the perpendicular on the 
tangent yaries as some power of the radius vector drawn 
to the point of contact. (2) ‘“ Nova methodus universalis 
curvas omnes cujuscunque ordinis mechanice describendi 
sola datorum angulorum et rectarum ope,” January, 1719. 
This and the preceding memoir were subsequently enlarged 
and incorporated by Maclaurin in his Geometria Organica. 
(3, “On Equations with impossible roots,’ May, 1726. (4) 
On “Continuation of the Same,’ March, 1729. In these 
papers he gave a proof of Newton’s rule for the discovery 
of the number of imaginary roots of an equation. He 
added some general results on the limits to the roots, and 
gave the well-known method of finding equal roots by aid 
of the first derived equation. (5) “Observation of the 
Eclipse of the Sun. of February 18, 1737,” January, 1738. 
(6) “On the Bases of the Cells where Bees Deposit their 


Honey,” November, 1743. 


French translations of his Treatise on Fluxions and that 
on Newton’s philosophical discoveries. were published at 
Paris in 1749. Hisalgebra was also translated into French, 
in 1753. (B. W.) 
_WLENNAN, Jonny Fercuson, LL.D. (1827- 
1881), one of the most original of modern inquirers 
into the constitution of early society, was born at 
Inverness 14th October, 1827. He studied at King’s 
College, Aberdeen, where he graduated with great 
(distinction in 1849, and then proceeded to Cambridge, 
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where he remained till 1855, but did not take his 
degree. After some years spent in literary work and 
legal studies in London and Hdinburgh, he joined the 
Scottish bar (January, 1857). In 1865 he published 
an epoch-making study on Primitive Marriage, in 
which, starting from the prevalence of the symbolical 
form of capture in marriage ceremonies, and combining 
with great argumentative power a variety of phenom- 
ena of primitive society previously quite obscure, he 
developed an intelligible picture of the growth of the 
marriage relation and of systems of kinship (see I’Amr- 
LY) according to natural Jaws. Continuing his studies 
on allied topics, M’Lennan published in 1866 (/or¢- 
nightly Review, April and May, 1866) an essay on 
‘Kinship in Ancient Greece,’’ in which he proposed 
to test by early Greek facts the theory of the history 
of kinship set forth in Fyrimitive Marriage, and three 
years later, a series of essays on ‘‘Totemism”’ (/ort- 
nightly Review, 1869-70) (the germ of which had been 
contained in the paper just named), which mark the 
second great step in the systematic study of early 
society, to which the energies of his life were now 
devoted. A reprint of Primitive Marriage, with 
‘“ Kinship in Ancient Greece,’’ and some other essays 
not previously published, appeared in 1876 under the 
title of Studies in Ancient History. The new essays 
contained in this volume were mostly critical, but one of 
them, in which perhaps his guessing talent is seen at 
its best, on ‘‘ The Divisions of the Irish Family,”’ is an 
elaborate discussion of a problem which has long puz- 
zled both Celtic scholars and jurists; and in another, 
“On the Classificatory System of Relationship,’’ he 
propounded a new explanation of a series of facts, 
which, he thought, might be made to throw a flood of 
light upon the early history of society, at the same 
time putting to the test of those facts the theories he 
had set forth in Primitive Marriage. Papers on ‘‘ The 
Levirate and Polyandry,”’ following up the line of his 
previous investigations, appeared in the following year 
( Fortnightly Review, 1877), and were the last work he 
was able to publish. From 1872 to 1875 his literary 
plans were much interrupted by his duties as parlia- 
mentary draftsman for Scotland, and when he retired 
from this office his health was broken; his last years 
were chiefly spent abroad, and in spite of the self-deny- 
ing assistance of his second wife (his first wife, a daugh- 
ter of M’Culloch the political economist, died in 1870, 
and he married again in 1875) the vast materials which 
he had accumulated for a comprehensive work on his 
favorite subjects were left only partially worked up, 
though the publication of his remains may still be 
looked for. He died 14th June, 1881. In private life 
M’Lennan was distinguished by his remarkable powers 
of conversation, by an uncompromising senseof duty, 
especially of duty to truth, by a warm and affectionate 
disposition, and by his readiness to help all workers in 
science, especially young men of promise. Besides the 
works alveady cited, M’Lennan wrote Life of Thomas 
Drummond (Edinburgh, 1867). His later labors had 
for immediate object the solution of the origin of 
exogamy—that is, of laws prohibiting the marriage of 
relations (laws of incest); and in connection with this 
he had prepared materials for a description of the social 
state of the less advanced races of men (keeping totem- 
ism in view as it bore on the history of society rather 
than the history of religion), which, he believed, would 
throw much light on the history of marriage and the 
family, of kinship, and laws of’ inheritance. 
MACLEOD, Norman (1812-1872). There were 
three Norman Macleods, all ministers of the Church 
of Scotland, and all men of some note in their day. 
The first was settled in Morven, the ‘‘ Highland 
parish,’’ looking out on the Sound of Mull, of which 
his grandson has given us so many pleasant and sunny 
reminiscences, The second was minister of Campbel- 
town, afterwards of Campsie, and finally of St. Co- 
lumba’s Gaelic Church in Glasgow, an able Celtic 
scholar and popular preacher, with a dash of dry hu- 
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mor in him, and general Highland ‘‘ pawkiness.’’ 
The third Norman was born in Campbeltown on June 
3, 1812, and, like his father, he too could tell a good 
story, only his humor was not of the pawky kind, but 
verged on caricature, when it had not, as it mostly had, 
a vein of pathos in it; for he had received, probably 
from his mother, Agnes Maxwell, a richer blood and 
a larger life than we can trace in his more purely Celtic 
ancestry. 

A sunny, light-hearted youth, full of jest and song, 
given to miscellaneous literature rather than to accu- 
rate scholarship or professional learning, would hardly 
seem to have been the kind of training to prepare for 
the life of an eloquent preacher and earnest pastor. 
Yet the broad human sympathies which were thus fos- 
tered were, after all, more serviceable for the work 
that lay before him than a knowledge of the Greek 
drama or of Dutch divinity ; and; though he was never 
much of a scholar or a theologian, he was out and out 
aman, which is of more consequence in the long run. 
He had also moved about, and seen a good deal of the 
world in Highland Morven, in Glasgow, in Hdinburgh, 
in England, and in Germany, when in 1838, on the 
recommendation of Dr. Chalmers, he was presented by 
the dowager marchioness of Hastings to the parish of 
Loudoun, and began his ministry among a curious com- 
bination of Davie Deanses and Silas Marners—coye- 
nanting small farmers and Chartist hand-loom weavers. 
There,-in the small rural parish, his work had the 
same characteristic features as in the larger sphere 
which afterwards opened up to him in the Barony 
church and in general literature. He carefully pre- 
pared for his pulpit, yet he was most eloquent when 
most spontaneous, for he was naturally more of a 
speaker than a writer. Courteous and chivalrous, yet 
also homely and ready-witted, he was as much liked 
by the radical weavers as he was honored and trusted 
by the marchioness and her family. And if his natural 
gayety of heart, which now and then amounted to rol- 
licking animal spirits, gave him an occasional twinge 
of conscience which is duly recorded in his secret diary, 
that only shows that his genuine piety had not yet har- 
monized his whole nature, as it afterwards did, blend- 
ing the grave and the gay in one beautiful human ser- 
vice. 

When he began his ministry, the troubles in the 
Scottish Church were already gathering to a head, and 
he found himself compelled to look around, and choose 
his ground. He wanted to get for the church all that 
Chalmers and his friends wanted. He felt that the 
best men, both lay and cleric, were with them, and 
against himself. He had no love for lay patronage, 
and he wished the church to be free to do its proper 
work. But more than all else he clung in those days 
to the idea of a national Hstablished Church; and it 
was not without a sinking of heart that he saw the 
long array file out of the Assembly of 1843 after Drs. 
Welsh and Chalmers. Yet he girded himself up for 
the task that had to be done with courage and wisdom. 
It was a heayy job to fill four hundred and thirty pul- 
pits with such materials as came to hand, mostly men 
who had already failed, and practically given up the 
profession, Tor years Menlo and those who worked 
with him, toiled almost despairingly to inspire them 
with any living interest in the real business of the 
Christian Church. But in the long run his labors 
were crowned with a large measure of success, though 
his own brethren to the last hardly gave him the credit 
for it which was due almost to him alone—to him, at 
any rate, above all others. With his broad sympa- 
thies he flung himself upon the masses, and taught 
the working men to feel that the Church of Scotland 
was still as interested in their well-being as any de- 
nomination. Discerning also that the harder forms of 
Calvinism had no longer the hold on their minds that 
they once had, he made room for the thoughtful teach- 
ings of his cousin, Dr. John Macleod Campbell, whom 
the Hvangelical party had formerly cast out asa heretie, 
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gaining by this means not a little influence with the 
young and inquiring intellects of the country. And 
finally, by his efforts to diffuse a wholesome religious 
literature through the land, he so identified his church 
with the growing spirit of the age that at length he 
lived to see it, not indeed the strong and united com- 
munity which in his youth practically controlled the 
nation, but yet once more a great power, dear to the 
hearts of many of the people, and doing good Chris- 
tian service to the land. 

It may be doubted if the work which Norman Mac- 
leod did for Scotland could have been done in his day 
without disruption of the church. Jor the Evangeli- 
cal party, using that word in its technical sense, had 
not only gained the confidence of the people by much 
faithful service, but also had confirmed their power by 
somewhat sharp treatment of all who differed from 
them.. It needed a different kind of church to toler- 
ate the views of Macleod Campbell; but as these were 
now, more or less, identified with the living element 
in the kirk, with those who were most diligent in pa- 
rochial work, and most zealous in mission enterprise, 
they gradually established their right to be preached 
in Calyinistic pulpits. Norman Macleod, of course, 
was not long left to expend his energies on the weavers 
of Loudoun. Removing first to Dalkeith, he was 
finally, in 1851, called to the Barony chureh, Glasgow, 
where the rest of his days were passed, in honor and 
influence, as the foremost of its citizens. ‘There the 
more liberal theology rapidly made its way among a 
people who judged it more by its fruits than its argu- 
ments. And, as they heard his eloquent voice plead- 
ing on behalf of churches and schools for the poor, 
penny savings banks, foreign missions, and every likely 
scheme for doing good to men, they learned to look 
without suspicion at opinions which yielded such Chris- 
tian results. 

T'wo other events also helped not a little to increase 
his influence. hese were his position as editor of 
Good Words, and his relation to the queen and the 
royal family. 

In 1860 a magazine was projected which was to deal 
with subjects common to all, only with a decidedly re- 
ligious tone. It was not for Sunday only, nor was it 
for Christians only; but it was to be broadly human, © 
and at the same time clearly pious. For the conduct- 
ing of such a magazine Macleod was singularly well 
qualified, Not that he had yet attained any great lite- 
rary position, or indeed was ever likely to do so. He 
had written some ecclesiastical pamphlets, amusing but 
not weighty. He had edited the Edinburgh Christian 
Magazine, without achieving any marked success. His 
best work as yet was the life of his friend and brother- 
in-law, John Mackintosh. But nothing human was 
foreign to him, and ‘‘ good words”’ on things in gen- 
eral, were just the words that he could make quick 
and powerful. Very soon Good Words came to be by 
far the most popular magazine of the day. Nearly all 
his own literary work, by which he will be judged in 
other times, appeared in its pages—sermons, stories, 
travels, novels, poems,—all of them honest ‘* good 
words’’ which it was wholesome to read. But they 
hardly give him a name in_literature,—at least, 
not such a name in the future as he had while he was 
still alive. They were too much the hurried produe- 
tions of a life busy with many affairs. The short stories, 
like ‘‘ Wee Davie’’ and ‘‘ Billy Buttons,’ are those 
which are most likely to retain a place in letters, on ac- 
count of their mingled humor and pathos. Of his 
more studied works ‘‘The Starling’’ is’ perhaps the 
best; but, while he could tell a brief tale admirably, he 
could not sustain a long narrative, with its play of va- 
ried character and incident; and, instead of leaving his 
art to read its own lesson, he preached a sermon by 
means of a story. Always, indeed, it is evident that 
he was more of an orator than a writer. The best of 
his poems is the hymn ‘t Trust in God and do the 
right,” though the *‘ Curling’’ song has the right ring 
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of the stones rattling over the ice. Altogether, his 
work was honest and good, not the highest in point of 
literary finish, but wholesomer than much that is more 
perfect in its form. 

While Good Words made his name widely known, 
and helped the cause he had so deeply at heart, his 
relations with the queen and the royal family strength- 
ened yet further his position in the country. Never 
since Principal Carstairs had any Scotch clergyman 
been on such terms with his sovereign; and their 
friendship was felt to be alike honorable to both, 
resting, on her part, on esteem for his work and char- 
acter, and on his, on a loyal desire to serve his queen 
asa Christian minister may. All this helped not a 
little to increase his influence in the councils of the 
church, and to restore its prestige, which had for a 
time been nearly overthrown; and yet, while his popu- 
larity was in full swing, one unlucky piece of honesty 
made him for a time the man in all Scotland most pro- 
foundly distrusted. 

Scotch Sabbatarian ideas had been a good deal dis- 
turbed by the running of Sunday trains and by other 
novelties, and in 1865 the presbytery of Glasgow issued 
a pastoral letter on the ibis to be read from all the 
pulpits there. Macleod, of course, loved the day of 
rest as much as any of them, but he did not like the 
grounds on which they rested it, nor yet the spirit in 
which they would have it observed. Therefore he re- 
solved to deliver his mind on the subject to his breth- 
ren. Like St. Paul, he refused to let any man judge 
him concerning ‘‘new moons and Sabbaths.’? His 
speech was not at first well reported, those parts only 
being printed which were most likely to startle the re- 
ligious public; and in consequence it was, for a while, 
greatly misunderstood. Old friends shrunk from him. 
His house seemed to be shunned as if plague-stricken. 
His brethren in the presbytery threatened a ‘‘ libel” 
for heresy. And he needed all his courage to bear up 
against the outery which assailed him on all hands. A 
more correct version of the speech was issued, how- 
ever, and the good sense and Christian intelligence of 
the people soon learned to form a juster estimate of 
its real bearing. ‘The threatened prosecution broke 
down. ‘Truer ideas of Sabbath observance got a-lodg- 
mentinmen’sminds. And, four years after, the church 
which at one time seemed ready to cast him from 
her bosom, accorded him the highest honor in her 

ower to give, by choosing him as moderator of her 
Geteral Assembly. 

Before that, however, he had already gained her 
confidence so far as to be sent, along with Dr. Archi- 
bald Watson, to India to inquire into the state of her 
mission there. He had always taken a deep interest 
in the India mission, and had been for some time con- 
vener of the committee which took charge of its inter- 
ests. When asked to undertake this duty, he was 
already laboring under the disease which afterwards 
shortened his days; his medical advisers were not 
without grave anxieties as to the effect of the climate 
‘on his constitution, and it was with clear consciousness 
of the risk he ran that, in 1867, he sailed for the Hast. 
He returned fully resolved to devote the rest of his 
days largely to the work of rousing the church to her 
duty in carrying out ‘‘the marching orders’’ of her 
Commander. ut he was not destined to do much 
more for the cause that lay so near his heart than to 
make one or two stirring appeals to the conscience of 
the church. His health was now broken, and his old 
energy flagged. Always his habits of work had been 
somewhat irregular ; properly, indeed, he had no fixed 
habits, but only tremendous fits of labor and periods 
of exhaustion. Now neither body nor brain could 
stand this strain, and with reluctance and pain he had 
to give up the charge of the India mission. His 
speech in doing so was the last and greatest he ever 
made, It wasas if he had gathered up his failing 

owers for one final effort, and spent his life on it. 
Bhortly after his return from the Assembly of May, 
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1872, his disease showed some fresh symptoms that 
alarmed the doctors. And on Sunday the 16th of June, 
shortly after completing his sixtieth year, Norman 


-Macleod peacefully fell asleep, the country hardly 


knowing how it had loved him till he was borne to his 
quiet resting-place in Campsie churchyard. 

Memoir of Norman Macleod, D.D., by his brother, the Rey. 
Donald Macleod, 2 vols., appeared in 1876, (W. C. S.*) 

MACLISEH, Danren (1806 or 1811-1870), subject 
and history painter, was born at Cork, the son of a 
Highland Molaiee Hlis education was of the plain- 
est kind, but he was eager for culture, fond of reading 
and anxious to become an artist. His father, how- 
ever, placed him, in 1820, in Newenham’s Bank, 
where he remained for two years, and then left to 
study in the Cork school of art. In 1825 it happened 
that Sir Walter Scott was travelling in Ireland, and 
young Maclise, having seen him in a bookseller’s shop, 
made a surreptitious sketch of the great man, which 
he afterwards lithographed. It was exceedingly popu- 
lar, and the artist became celebrated enough to receive 
many commissions for portraits, which he executed, in 
pencil, with very careful treatment of detail and acces- 
sory. Various influential friends perceived the genius 
and promise of the lad, and were anxious to furnish 
him with the means of studying in the metropolis ; but 
with rare independence he refused all aid, and by care- 
ful economy saved a sufficient sum to enable him to 
leave for London. There he made a lucky hit by a 
sketch of the younger Kean, which, like his portrait 
of Scott, was lithographed and published. He entered 
the Academy schools in 1828, and carried off the 
highest prizes open to the students, including, in 1829, 
the gold medal for the best historical composition. In 
the same year he exhibited for the first time in the 
Royal Academy. Gradually he began to confine him- 
self more exclusively to subject and historical pictures, 
varied occasionally by portraits of Campbell, Miss 
Landon, Dickens, and other of his celebrated literary 
friends. In 1833 he exhibited Snap-Apple Night, or 
All-Hallow Eve in Ireland, and Mokanna Unveiling 
his Features to Zelica, which greatly increased his 
reputation, and were followed in the succeeding year 
by the powerfully dramatic subject of the Installation 
of Captain Rock, and in 1835 by the Chivalric Vow of 
the Ladies and the Peacock, a work which procured 
his election as associate of the Academy, of which he 
became full member in 1840. The years that followed 
were occupied with a long series of figure pictures, de- 
riving their subjects from history and tradition, and 
from the works of Shakespeare, Goldsmith, and Le 
Sage. He also designed illustrations for Moore’s 
Trish Melodies, Lytton’s Pilgrims of the Rhine, and 
several of Dickens's Christmas books, and for The 
Story of the Norman Conquest and Shakespeare’s 
Seven Ages, published by the Art Union. Between 
the years 1830 and 1836 he contributed to Fraser's 
Magazine, wnder the nom-de-crayon of Alfred Croquis, 
avery remarkable series of portraits of the literary 
and other celebrities of the time,—character studies, 
etched or lithographed in outline, and touched more 
or less with the emphasis of the caricaturist, which 
have been since reproduced and published in a volume. 
In 1858 Maclise commenced one of the two great 
monumental works of his life, the Meeting of Wel- 
lington and Bliicher, on the walls of Westminster 
Palace, where he had previously painted his Spirit of 
Religion and his Spirit of Chivalry. It was begun in 
fresco, a process which proved unmanageable. ‘The 
artist wished to resign the task; but, encouraged by 
Prince Albert, he studied in Berlin the new method of 
‘‘water-glass’’ painting, and carried out the subject 
and its companion, the Death of Nelson, in that me- 
dium, completing the latter painting in 1864. The 

1 The year of his birth is uncertain; he himself used to assert 
that the 25th of January, 1811, was the correct date, but research in 
the register of the old Presbyterian church in Cork seems to 
prove that he was born on 2d February, 1806. 
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intense application which he gave to these great his- 
toric works, and the various depressing and discourag- 
ing circumstances connected with the commission, had 
a serious effect on the artist’s health. 
shun the company in which he formerly delighted ; 
his old buoyancy of spirits was gone; and when, in 
1865, the presidentship of the Academy was offered to 
him, he declined the honor. In 1868 he exhibited the 
Sleep of Duncan, and in 1869 his King Cophetua and 
the Beggar Maid. Having finished the Karls of 


Desmond and Ormond, he was attacked by acute pneu- | 


monia, which carried him off, after a brief illness, on 
the 25th April, 1870. 

The works of Maclise are distinguished by powerful in- 
tellectual and imaginative qualities, but most of them are 
marred by harsh and dull coloring, by metallic hardness 
of surface and texture, and by frequent touches of the 
theatrical in the action and attitudes of the figures. His 
fame rests most securely on his two greatest works at West- 
minster. A memoir of the artist by his friend W. J. 
O'Driscoll was published in 1871. 


MACLURE, WriitAm (1763-1840), the pioneer of 
American geology, was born at Ayr in Scotland in 1763. 
After a brief’ visit to New York he began active life as 
a partner in the firm of Miller, Hart & Co., London. 
Four years later (1796) business affairs brought him 
again to America, which he thereafter made his home. 
In 1803 he visited France as one of the commissioners 
appointed to settle the claims of American citizens on 
the French Government for spoliations committed 
during the Revolution; and during the few years then 
spent in Hurope he applied himself with enthusiasm to 
the study of geology. On his return home he com- 
menced the self-imposed task of making a geological 
survey of the United States. Almost every State in 
the Union from the St. Lawrence to the Gulf of 
Mexico was traversed and mapped by him, the Alle- 
ghany mountains being crossed and recrossed some 
fifty times. The results of his unaided labors were 
submitted in a memoir to the American Philosophical 
Society (1809), and published in the Society’s V/rans- 
actions (vol. yi.), together with a geological map, which 
thus antedates William Smith’s great geological map 
of England by six years. Subsequent survey has cor- 
roborated the general accuracy of Maclure’s observa- 
tions, so far at least as the Primary and Secondary 
formations are concerned. From 1817 to his death 
Maclure was president of the Academy of Natural 
Sciences of Philadelphia, and much of the prosperity 
of the institution was due to his devoted services. In 
1819 he visited Spain, and attempted to establish an 
agricultural college near the city of Alicante ; but with 
the overthrow of the short-lived Liberal constitution 
his plans became hopelessly deranged. Returning to 
America in 1824, he settled for some years at New 
Harmony, Indiana, endeavoring, but with small suc- 
cess, to develop his scheme of the agricultural college. 
Failing health ultimately constrained him to relinquish 
the attempt, and to seek (in 1827) a more congenial 
climate in Mexico. There, at San Angel, he died 
March 23, 1840. 

His great geological memoir was issued separately, with 
some additional matter, in 1817; and in 1837 he published 
a collection of essays, in 2 vols., mainly on political economy, 
entitled Opinions on Various Subjects. His other original 
papers, including observations on the geology of the West 
Indies and of Mexico, and remarks on the origin and ar- 
rangement of rocks, were published in the Jowrnal of the 
Academy of Natural Sciences (Philadelphia), in Silliman’s 
American Journal of Science and Arts, and in the French 
Journal de Physique. 


MACNEE, Sr Danten (1806-1882), portrait 

ainter, was born in 1806 at Fintry in Stirlingshire. 
He was educated in Glasgow, and at the age of thir- 
teen apprenticed, along with Horatio Macculloch and 
Leitch the water-color painter, to John Knox, a land- 
scapist of some repute at the time. He afterwards 
worked for a year as a lithographer, was employed by 


He began to, 
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the Messrs. Smith of Cumnock to paint the ornamental 
‘lids of the planewood snuff-boxes for which their manu- 
factory was celebrated, and, having studied in Hdin- 
burgh at the ‘Trustees’ Academy,’ supporting him- 
self meanwhile by designing and coloring book 
illustrations for Lizars the engraver, he established 
himself as an artist in Glasgow. At first he was 
occupied a good deal with figure pictures, but the in- 
creasing demands on his time as a fashionable portrait 
painter eventually left him little leisure for this branch 
of art. He was one of the twenty-four associates of 
the Royal Institution who, in 1829, were admitted 
members of the Royal Scottish Academy ; and on the 
death of Sir George Harvey in 1876 he was elected 
president, and received the honor of knighthood, and 
the degree of LL.D. from the Glasgow University. 
From this period till his death, on the 18th of Janu- 
ary, 1882, he resided in Edinburgh, where his genial 
social qualities and his inimitable powers as a teller of 
humorous Scottish anecdote rendered him popular. 
Among his portraits may be mentioned those of Lord 
Brougham, Viscount Melville, Lord Inglis, and Mrs. 
Bough. His Dr. Wardlaw obtained a gold medal at 
the Paris International Exhibition of 1855, 

MACNEILL, Hecror (1746-1818), a minor Scot- 
tish poet, born near Roslin, October 22, 1746, died at 
Kdinburgh, March 15, 1818. The son of an impover- 
ished army captain, he spent several years of his boy- 
hood on a farm which his father had taken on the 
banks of Loch Lomond, and was sent to Bristol at the 
age of fourteen to enter on a mercantile career. Soon 
afterwards he was despatched to the West Indies, 
where he remained many years without ever enjoying 
even a moderate prosperity. When about forty he re- 
turned to Scotland with the intention of devoting him- 
self to a literary life, but his ill fortune still pursued 
him, and he was obliged to go back to Jamaica. The 
kindness of two friends enabled him soon to come home 
again to Scotland, and on the journey he finished 7’he 
Harp, a Legendary Tale, published at Kdimburgh in 
1789. After six years spent at Edinburgh, rendered 
miserable by shattered health and depressed spirits, he 
retired to the house of a friend at Stirling, where he 
wrote most of his songs and his Scotland’s Skaith, or 
the History of Will and Jean, a narrative poem in-- 
tended to show the deteriorating influence of whisky 
and pot-house politics, which appeared in 1795, and 
at once made its author popular, having passed through 
fourteen editions within the year. A sequel, The Ways 
of War, appeared next year, and in 1799 The Links of 

orth, or a Parting Peep at the Curse of Stirling, a 
somewhat feeble descriptive poem, intended as a part- 
ing tribute to his kind host before his own departure 
for Jamaica. Not long after his arrival an early friend 
settled on him an annuity of £100, which enabled the 
poet to return soon afterwards to Scotland, and so close 
his long struggle against adversity with filteen years 
of comparative comfort at Edinburgh. 


In 1800 he published The Memoirs of Charles Macpherson, 
Esq., a novel understood to be a close narrative of his own 
hardships and adventures. His later works, which added 
little to his fame, were—The Pastoral or Lyric Muse of Scot- 
land, 1809; two anonymous works in verse entitled Town 
Fashions, or Modern Manners Delineated, and Byegone Times 
and Latecome Changes, and The Scottish Adventurers, a noyel. 
He left behind an autobiography still unpublished, but of 
which an abstract appeared in Blackwood’s Magazine for De- 
cember, 1818. A complete edition of the poems he wished 
to own appeared in 1812, and it is on these that his fame 
will rest. His songs, “Mary of Castlecary,” ““Come under 
my plaidy,” “My boy, Tammy,” “O tell -me how for to 
woo,” “I lo’ed ne’er a lassie but ane,” “The plaid amang 
the hether,” and ‘ Jeanie’s black e’e,” will live, spite of 
Allan Cunningham, for their sweetness and simplicity, 
while his Will and Jean, quite apart from its excellent in- 
tention and tendency, will maintain a place among the 
most characteristic productions of the Doric Muse in Scot- 
land. 


MACON, the capital of Sadne-et-Loire, France, oc- 
cupies a gently-sloping site on the right bank of the 
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Sadne, 41 miles north.of Lyons. It is connected by a 
bridge of twelve arches with the suburb of St. Laurent 
on the opposite bank of the river. The site is shel- 
tered and the ‘climate mild, but the locality is subject 
to sudden changes of temperature. Of the public 
buildings of Macon the most prominent is the old 
church of St. Pierre, reconstructed in 1866,—a three- 
nayed basilica, 328 feet in length, with two fine spires. 
Of the old cathedral, destroyed at the Revolution, 
nothing remains but the fagades, portions of the two 
towers, and a narthex of the 12th century, now used 
asachapel. The old episcopal palace, which has been 
rebuilt, 1s now used as the prefecture. The hospital 
isfrom designs by Souttlot; the lyceum bears the name 
of Lamartine (a native of Macon, to whom there is a 
statue). The town house contains a library of 7000 
volumes, and a museum. Macon is a railway centre 
of considerable importance, being the point at which 
the line from Paris to Marseilles is joined by that from 
Mont Cenis and Geneva, as well as by a branch from 
Digoin. The industries of the place include brass- 
founding, the manufacture of agricultural implements, 
weighing-machines, and the like, printing, dyeing, and 
the production of faience. The principal articles of 
commerce are wine, barrels and hoops, and grain. The 
population in 1876 was 17,570. 

Macon (Matisco) was an important town of the dui, but 
under the Romans it was supplanted by Autun and 
Lyons. It suffered a succession of disasters at the hands of 
Germans, Burgundians, Vandals, Huns, Hungarians, and 
even. of the Carlovingian kings. In 1228 it was sold to the 
king of France, but more than once afterwards passed into 
the possession of the dukes of Burgundy, until the owner- 
ship of the French crown was fixed in the time of Louis 
XI. In the 16th century Macon became a stronghold of 
the Huguenots, sided with the League, and did not yield 
to Henry LV. until 1594. The bishopric, created by King 
Childebert, was suppressed in 1790. 


MACON, a city of the United States, the chief 
town of Bibb county, Georgia, is situated on rising 
ground in the midst of a beautifully wooded country 
on both sides of the Ocmulgee river, a navigable head- 
water of the Altamaha, about 80 miles southeast of 
Atlanta. Itis well laid out, with tree-bordered streets, 
often 180 feet wide, and possesses since 1870 a fine 
central park, on the formation of which $125,000 were 
expended. The principal institutions in the town are 
the State Academy for the blind (1852), the Mercer 
university (a Baptist foundation, 1838), the Wesleyan 
Female Colleze (1839), the Pio Nono (Roman Cath- 
olic) College, and the Southern Botanico-Medical In- 
stitute. As an important junction for the Georgia, 
the Georgia Central, and the Southwestern Railways, 
and communicating with the coast by the direct line to 
Brunswick, Macon enjoys great facilities for trade; 
and, besides its extensive railway machine-shops, it 
has cotton factories, iron foundries, flour mills, and 
sash and blind factories. The annual fair held in the 
Central Park isthe great meeting-place of the Georgian 
planters. _ Wrom 5720 in 1850 the population has 
steadily advanced to 8247 in 1860, 10,810 in 1870, and 
12,749 in 1880. The foundation of the town dates 
only from 1823. | 

MACPHERSON, Jamus (1738-1796), the ‘‘ trans- 
lator’’ of the Ossianic poems, was born at Ruthven, 
Inverness, Scotland, in 1738, was educated in his na- 
tive village and at King’s College, Aberdeen, and from 
1756 taught the school of Ruthven for some time. In 
1758 he published a poem entitled the Highlander, 

and about the same period contributed several minor 
pieces to the Scots Magazine. In 1759, while residing 
with a pupil at Moffat, he became accidentally known 
to Dr. Carlyle of Inveresk, and Mr. Home, the author 
of Douglas, both of them already interested in the 
subject of ancient Highland poetry ; some fragmentary 
‘translations ’’ from the Gaelic, which in the course 
of a few days he supplied to Home, were much appre- 
ciated in the literary circles of Edinburgh, and in 1760 
a volume was published by Macpherson, entitled /rag- 
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ments of Ancient Poetry collected in the Highlands of 
Scotlund, and translated from the Gaelic or Erse Lan- 
guage, with a preface by Dr. Blair. A sum of money 
was now subscribed by the faculty of advocates for the 
purpose of enabling Macpherson to go to the Scottish 
Highlands in search of other tragments, and the result 
of his labors was the publication at London in 1762 of 
Lingal, an Epic Poem, in six books, with other lesser 
Poems, dedicated to Lord Bute; this was followed in 
1763 by Temora, in eight books, with several other 
poems. For the real character of these publications 
see CeLtic Lireratur®, vol. v. p. 272. At the 
time of their appearance they greatly advanced the 
translator both in fame and fortune; in 1764 he was 
appointed surveyor-general of the Floridas, and on his 
return to Hneland two years afterwards he was per- 
mitted to retain for life the salary of the office. In 
1771 he published An Jntroduction to the History of 
Great Britain and Ireland, and in 1775 A [History of 
Great Britain from the Restoration to the Accession of 
the House of Hanover (2 vols. 4to), and Original Pa- 
pers containing the Secret History of Great Britain 
for the same period (also in 2 vols. 4to). His transla- 
tion of the /iad, published in 1773, was greatly 
praised by Robertson and others in Scotland, but met 
with a severe reception in Hngland, and has not stood 
the test of time. About 1779 he was appointed to the 
lucrative post of agent for the nabob of Arcot, and 
from 1780 onwards he sat in parliament for the bor- 
ough of Camelford. He died at Belleville, an estate 
which he had recently purchased in Inverness, on Feb- 
ruary 17, 1796, and was buried in the Poet’s Corner at 
Westminster Abbey. His will had provided for the pub- 
lication of the Ossianie poems in the original Gaelic, 
which he is understood to have been preparing for the 


| press at the time of his death; and the work accord- 


ingly appeared in three vols. 8vo, in 1807, with a lit- 
eral translation into Latin, by Robert Mactarlane, and 
a dissertation on the authenticity of the poems, by Sir 
John Sinclair. 

MACREADY, WriiutAm CaHarirs (1793-1873), 
was born in London 3d March, 1793, and educated at 
Rugby. His intention was to proceed to Oxford, but 
the embarrassed affairs of his father, the lessee of 
several provincial theatres, called him to share the re- 
sponsibilities of theatrical management, in which he 
showed great prudence and address. In 1810 he made 
a successful debut as Romeo at Birmingham ; and the 
fame which he had acquired in the provinces gave ex- 
ceptional interest to his appearance in 1816 at Covent 
Garden, in the character of Orestes in the Distressed 
Mother. In London his choice of characters was gt 
first confined chiefly to the romantic drama, but he 
showed his capacity for the highest tragic parts when 
he played Richard IIL. at Covent Garden in 1819, and 
in the following year his performance of Virginius, in 
the new play of Sheridan Knowles, assisted to. give 
solidity to his reputation. Transferring his services to 
Drury Lane, he gradually rose in public favor, till, on 
the retirement of Kean and Young, he was regarded 
as the legitimate successor of these tragedians. In 
1826 he completed a successful engagement in America, 
and in 1828 his performances met with a very flatter- 
ing reception in Paris. Already he had done some- 
thing to encourage the creation of a modern Hnglish 
drama through the interest awakened by his perform- 
ances in Virginius, Catus Gracchus, and William Tell, 
and after entering on the management of Covent Garden 
in 1837 he introduced, besides other new plays, Bul- 
wer’s Lady of Lyons and Richelieu, the principal char- 
acters of which were among his most effective parts. 
Both, however, in his management of Covent Garden, 
which he resigned in 1839, and of Drury Lane, which 
he held from 1841 to 1843, he found his designs for the 
elevation of the stage hampered and finally frustrated 
by the sordid aims of the proprietors and the absence 
of adequate publie support. In 1843-44 he made a 
prosperous tour in the United States, but his last visit 
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to that country, in 1849, was marred by a riot at the 
Astor Opera House, New York, arising from the 
jealousy of the actor lorrest, and resulting in the death 
of twenty-two persons, who were shot by the military 
called out to quell the disturbance. Macready retired 
from the stage in 1851; and the remainder of his life 
was occupied chiefly in superintending the education 
of his family, and in schemes for the welfare of the 
poorer classes. He died at Cheltenham, 27th April, 
1873. 

Macready’s performances always displayed fine artistic 
perceptions developed to a high degree of perfection by 
very comprehensive culture, and even his least successful 
personations had the interest resulting from thorough in- 
tellectual study. He belonged to the school of Kean rather 
than of Kemble; but, if his tastes were better disciplined 
and in some respects more refined than those of Kean, his 
natural temperament did not permit him to give proper 
effect to the most characteristic features of the great tragic 
parts of Shakespeare, King Lear perhaps excepted, which in 
some degree aflorded scope for his pathos and tenderness, 
the qualities in which he specially excelled. With the ex- 
ception of a voice of good compass and capable of very 
varied expression, Macready was not in a special degree 
gifted physically for acting, but the defects of his face and 
figure cannot be said to have materially influenced his suc- 
cess. He created a considerable number of parts, which 
still retain their hold on the stage, and, although not by 
‘virtue of natural genius worthy of a place among tragedians 
of the first rank, he is almost entitled to this on account of 
the high degree of perfection to which he had cultivated 
his powers, and from the fact that there is no tragedian 
of the second rank who can be named his equal. See Ma- 
cready’s Reminiscences, edited by Sir Frederick Pollock, 2 
vols., 1875. 


MACROBIUS, Amprostus THropostus, a Roman 
grammarian and philosopher, who wrote towards the 
beginning of the 5th century after Christ. He is de- 
scribed in the superscription of the best MSS. as vir 
clarissimus et llustris ; hence it has been supposed that 
he is the Macrobius who was preefectus preetorius His- 
paniarum in 399 A.D., proconsul of Africa in 410, and 
chamberlain (preepositus sacri cubiculi) in 422. But 
the tenure of high office at that date was limited to 
Christians, and there is no evidence in the writings of 
Macrobius that he was a Christian. On the contrary, 
he shows great interest in the deities of paganism ; his 
friends seem to have belonged wholly to the pagan 
party; and his philosophical views are those of the 

eo-Platonists. Hence the identification is more than 
doubitul. It is possible, but by no means certain, that 
he was the Theodosias to whom Avianus dedicates his 
fables. From the date of the persons who are men- 
tioned by him as contemporaries, he appears to have 
ffourished in the time of Honorius. 

The most important of his works is the Convivioram 
Satiurnaliorum Libri Septem, containing an account 
of the discussions held at the house of Vettius Prae- 
textatus during the holiday of the Saturnalia. The 
latter part of the second book and the beginning of the 
third, the second half of the fourth book, and the end 
of the seventh have been lost ; otherwise the work is 
in fairly good preservation. It was written by the 
author for the benefit of his son Hustachius, and con- 
tains a great variety of curious historical, mythologi- 
eal, critical, and grammatical disquisitions, the value of 
which is much increased by the frequent quotations from 
earlier writers. ‘The machinery is somewhat cumbrous; 
for, as in some of Plato’s dialogues, the discussions are 
not directly reported, but a certain Postumianus repro- 
duces, for his friend Decius, the account which he had 
received froma rhetorician Eusebius, who had been 
present at them. here is but little attempt to give 
any dramatic character to the dialogue; in each book 
some one of the personages takes the leading part, and 
the remarks of the others serve only as occasions for 
calling forth fresh displays of erudition. The first book 
is devoted to an inquiry as to the origin of the Satur- 
nalia and the festivals of Janus, which leads to a his- 
tory and discussion of the Roman calendar, and to an 
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attempt to derive all forms of worship from that of the 
sun. The second book begins with a collection of bons 
mots, to which all present make their contributions, 
many of them being ascribed to Cicero*and Augustus ; 
it then appears to have passed into a discussion of 
various pleasures, especially of the senses; but almost 
the whole of this is lost. ‘The third, fourth, fifth, and 
sixth books are devoted to Virgil, dwelling respec- 
tively on his learning in religious matters, his rhetori- 
cal skill, his debt to Homer (with a comparison of the 
art of the two) and to other Greek writers, and the 
nature and extent of his borrowings from the earlier 
Latin poets. The latter part of the third book is 
taken up with a dissertation upon luxury and the 
sumptuary laws intended to check it, which is proba- 
bly a dislocated portion of the second book, being en- 
tirely out of place where it stands. ‘The seventh book 
is of a more miscellaneous character, consisting largely 
of the discussion of various physiological questions. 
The value of the work consists solely in the facts and 
opinions quoted from earlier writers, for it is purely a 
compilation, and has little in its literary form to re- 
commend it. 

We have also two books of a commentary on the 
Somnium Scipionis narrated by Cicero in his De Re- 
publica, 'The nature of the dream, in which the elder 
Scipio appears to his (adopted) grandson, and describes 
the life of the good after death and the constitution of 
the universe from the Stoic point of view, gives occa- 
sion for Macrobius to discourse upon many points of 
physics in a series of essays interesting as showing the 
astronomical notions then current. ‘lhe moral eleya- 
tion of the fragment of Cicero thus preserved to us 
gave the work a popularity in the Middle Ages to 
which its own merits have little claim. 


There is a good critical edition of Macrobius, with a com- 
mentary by L. van Jan (2 vols., Leipsic, 1848-52), and a 
convenient and excellent edition of the text hy F. Eyssen- 
hardt (Leipsic, 1868). 

MADAGASCAR, an important island in the Indian 
Ocean, and the third largest island in the Plate IV. 


world, is about 300 miles from the south- 
east coast of the African continent, from which it is 


separated by the Mozambique Channel. It is 980 
miles in length from north to south, the — ¢./. eos 
northern point, Cape Ambro, in 12°8. lat., position. 


inclining 16° to the east from the longi- 
tude of Cape St. Mary, the southernmost point, in 
25° 35’ 8. lat., so that the main axis of the island runs 
from north-northeast to south-southwest. The broad- 
est portion of Madagascar is near the centre, where it 
is nearly 350 miles across, and there it is only 230 miles 
distant from the African coast. From this part of the 
island its northern half forms a long irregular triangle, 
while south of it the average breadth is about 250 
miles. Its total area is nearly 230,000 square miles, 
or not quite four times the extent of Kngland and 
Wales. 

Although known to Arab merchants for more than 
a thousand years past, and frequently 
visited by Europeans since the beginning 
of the 16th century, Madagascar is still but imperfectly 
explored. A careful survey of the coast was made in 
1823-25 ‘by Captain W. F. W. Owen, R.N., but all 
maps of the interior up to about ten years ago were 
constructed on the most insufficient data. But during 
the last decade many portions of the island previously 
unknown haye been traversed by missionaries and 
naturalists, and maps, more or less detailed, have 
been prepared of a considerable portion of the interior. 
Conspicuous in this work have been the missionaries 
of the London Missionary Society and the Friends’ 
Foreign Mission, especially the late Rey. Dr. Mullens, 
whose large map, published in 1879, embodied all that 
was known up to that date, and also M. Alfred Gran-¢ 
didier, a French traveller and scientist, whose great 
work on the island is now in process of publication. 


Exploration, 
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Madagascar has a very regular and compact form, 
with but few imdentations considering its 
great extent of shore-line. Along two-thirds 
of its eastern side the coast is almost a straight line, 
without any inlet, for Tamative and Houle Pointe, 
which are the most frequented ports on this side of the 
island, are only open roadsteads protected by coral 
reefs. North of this, however, is Antongil Bay, a 
deep and wide inlet running northwards for about 50 
miles; farther north is Port Louquez, and at the ex- 
treme point of the island is Diego Suarez Bay, one of 
the finest harbors in the world. The northwestern 
side of Madagascar is broken up by a number of spa- 
cious inlets, some of them landlocked and of consider- 
able size. Going southward, there are the bays of 
Chimpaiky, Pasandava, Port Radima, Narinda, Ma- 
jambo, Bémbatdka, and Ibdina, as well as the estu- 
aries of some of the rivers. South of Cape St. 
Andrew, the northwest angle of the island, there is 
nothing else in the shape of a gulf until we reach the 
estuary of the river Onilihy, or St. Augustine's Bay. 
Rounding the southern ends of the island, we find no 
other inlet until we come to the small bay of Itapéra 
near Hort Dauphin, at the southern extremity of the 
straight line of coast already mentioned. 

The islands around Madagascar are few and unim- 
portant. The largest are St. Marie’s, near 
the eastern coast, a narrow island about 30 
miles long, and Nosibé, larger and more compact in 
form, opposite Pasandiva Bay on the northwest coast. 
Except the Minnow group, north of Ndsibé, the rest 
are merely rocky islets, chiefly of coral. 

Much light has been thrown upon the physical 
geography of Madagascar by recent ex- 
plorations. In most accounts, up to a very 
short time ago, a ‘“‘central mountain chain” is de- 
scribed as running throughout the island as a sort of 
backbone from north to south; and most maps show 
this, with numerous branches extending in various 
directions. It is, however, now quite clear that in- 
stead of this supposed mountain chain there is an ele- 
vated mountainous region, from 8000 to 5000 feet in 
altitude, occupying from a third to two-fifths of the 
whole interior, but lying more towards the north and 
east. Around this upper region are extensive plains, 
at a much less elevation above the sea, and most de- 
veloped on the western side of the island, and in its 
southern portion beyond 23° S. lat. But this lower 
region is not entirely level, as it is broken up towards 
the west by three prominent lines of hills running 
north and south. See Plate IV. 

The shores of the greater portion of the southern 
half of the island are low and flat, but in the northern 
half much of the coast is bold and precipitous, the 
high land often approaching the sea. On the eastern 
side the plains vary from 10 to 50 miles in breadth, 
but on the western side they often exceed 100 miles 
across. From these coast plains the ground rises by 
successive ranges of hills to the high interior land. 
- This elevated region is broken up in all directions by 
mountains, the highest in the island being centrally 
situated as regards its length, but more to the eastern 
side. ‘These are the summits of the basaltic mass of 
Ankairatra. four of the peaks ranging in elevation from 
8100 to 8950 feet above the sea, and from 3900 to 4700 
feet above the general level of the surrounding country. 
The loftiest of these is named T'si-dfa-javona, 7. e., 
“that which the mists cannot climb.’’ Besides these 
highest points there are a considerable number of 
mountains in the central provinces, varying in height 
from 5000 to 7000 feet, the highest as yet measured 
being [Avohadika (‘‘the Lofty defying one’’), 7100 feet 
high, about 30 miles west-southwest of Ankaratra, and 
the highest point of a remarkably rocky and rugged 
district named Vavavato (‘‘Stonemouth’). There are 
also very many lofty and grand peaks in the Bétsiléo 
province, some, it is said, nearly 8000 feet high; and 
in the Bara country the Isilo mountains are compared 
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| by a recent traveller to the ‘“‘Church Buttes’? and 
| other striking features of the scenery of Utah, on the 
|line of the Pacific Railway. One of the grandest of 
all the Madagascar peaks is an isolated mountain near 
the northern point of the island, called Amber or 
Ambohitra. This is said to be more than 6000 feet 
high, and, rising, not as do those before mentioned, 
from an elevated plateau, but from plains little above 
the sea-level, is a remarkably majestic hill as observed 
from every direction, and is well seen far out to sea. 
In the elevated region of Madagascar are many fer- 
tile plains and valleys. Among these are 


epee y E fer Valleys 
Bétsimitdtatra. in Imérina, and 'Tsiénim- wid 
parihy in Bétsiléo, supplying a large pro- hydro- 

graphy, 


portion of the rice for the capitals of these 
two provinces. Still more extensive valleys are the 
plain of the Antsihanaka country, the valley east of 
Angivo, and the Ankay district between the two 
eastern lines of forest (all of which are one step down- 
wards towards the lower coast plains), and the valley 
east of the Bémardha range in the Sikaliva country. 
Sections across the central portions of Madagascar 
show that there is a somewhat saucer-like depression 
in the centre, the eastern and western edges rising 
higher than the enclosed space. The eastern ridge ig 
the higher of the two, so that the watershed for a con- 
siderable distance is much nearer the eastern than the 
western side, averaging from 50 to 80 miles from ‘the 
sea. ‘The country is well watered, even in the highest 
ranges of the interior, the abundant rainfall giving a 
perennial supply to the innumerable springs and 
streams. There are, therefore, no extensive districts 
that can be called desert, except parts of the west and 
southwest provinces, where the rainfall is scanty. The 
extreme southern portion is also reported to be arid, 
but as yet little is accurately known of this part of the 
country. 

As is necessarily the case from the physical confor- 
mation of the interior, the chief rivers flow 
to the west and northwest sides of the island. 
The eastern streams are all less in size, except the 
Mangoro, which flows for some distance parallel with 
the coast. Few of them, therefore, are of much service 
for navigation, except for the light-draught native 
canoes, and almost all of them are more or less closed at 
their outlets by sand-bars. Commencing at the south- 
ern point and going northward, on the eastern side, 
the principal rivers are the Mananara, Manambava, 
Matitanana, Mananjara, Onivé and Mangdro, Manin- 
gdry, and the Anjihandmbo at the head of Antongil 
Bay, besides numerous smaller streams. On the north- 
west. coast, going southward, are the Sofia and Maha- 
jimba, falling into Majimbo Bay, the Bétsibdka with 
the Ikidpa,—the great drains of the northern central 
provinces, and forming unitedly the second largest 
river of the island and falling into Bémbatdka Bay,— 
the Manjariy, Manambolo, T'siribihina or Onimiinty, 
the largest river of Madagascar, draining by its tribu- 
taries the Kitsimby, Mahajilo, and Mania the central 
parts of the island, the Morondiva, Mdharivo, Man- 
gdky, the third largest river, the Mahandmby, Fihe- 
rénana, and Onildhy. 

Of these western rivers the Bétsibdka could be as- 
cended by steamers of light draught for about 90 miles, 
and the 'l’siribihina is navigable for a considerable dis- 
tance. The former is about 300 miles lone; the latter 
is somewhat less, but by its affluents spreads over a 
greater extent of country. It brings down so large a 
body of water that the sea is said to be fresh 3 miles 
from theland. But owing to the height of the interior 
of Madagascar there is no uninterrupted water-com- 
munication with it from the sea by any of the rivers, 
which are all crossed by rocky bars, and in some cases 
by grand waterfalls, as on the Mania. The eastern 
rivers cut their way through the ramparts of the high 
land by magnificent gorges, amidst dense forest, and 
descend by a succession of rapids and cataracts. The 
Matitinana, whose falls were first seen by the present 
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writer in 1876, descends at one plunge some 400 or 500 
feet. 

On the eastern side of Madagascar the contest be- 
tween the fresh water of the rivers and the sea has 
caused the formation of a long chain of 
lagoons for nearly three hundred miles. In 
many parts these look like a river following 
the coast-line, but frequently they spread out into ex- 
tensive sheets of water. So short is the distance 
between these that, by cutting about 30 miles of canal 
to connect them, a continuous water-way could be 
formed for 260 miles along the coast. This will doubt- 
less be accomplished at some future time, with great 
benefit to the commerce of the country. Besides these 
lagoons, there are few lakes of any size in Madagascar, 
although there were probably some very extensive ones 
in a recent geological epoch. Of one of the largest of 
these the Alaotra Lake in the Antsihinaka plain is the 
relic; it is about 25 miles long. Next comes Itdsy, 
in western Imérina, about 8 miles long; and a large 
lake is reported by the natives to be formed by an ex- 
pansion of the river Mangodky. ‘I'wo salt lakes are said 
to exist near the southwest coast. 

Among the many new facts brought to light by re- 
cent research in Madagascar is the evidence of very 
widespread and powerful subterranean ac- 
tion throughout a great part of the island, 
apparently extending almost unbroken from 
the southeast to the northwest and extreme north. 
This voleanic belt is part of a line which has its north- 
ern extremity in the Comoro Islands, all of which are 
voleani¢ in origin, and where, in Great Comoro, there 
is astill active vent. There is now no active volcano in 
Madagascar, but a large number of extinct cones have 
been observed in various parts of the country. In the 
centra) province of Imérina, within an are of about 90 
miles round the mass of Ankaratra, Dr. Mullens 
counted a hundred craters. Others are found farther 
north, in the Antsihdnaka province and the Mindrit- 
sira valley, and on the northwest coast and its islands, 
the great mountain Ambdhitra being an old volcano. 
Others have been observed towards the southern ex- 
tremity of the higher region of the island, as well as 
columnar basalt, and beds of lava rock, pumice, and 
ash. Slight shocks of earthquake are felt every year 
in Madagascar, and other signs of subterranean action 
are evident in the hot springs which occur at several 
places in the central and eastern provinces. Several 
of these are sulphurous and medicinal, and have been 
found efficacious in skin diseases. 

The geology of Madagascar has ag yet been very im- 
perfectly investigated, for few travellers have possessed 
the special scientific knowledge requisite to 
give much value to their observations; and 
hardly anything has yet been dono towards making 
collections of fossils, or in procuring specimens of rocks 
and minerals. here are, however, a few facts of a 
general character which are easy recognizable. In the 
first place, the upper region of the island already men- 
tioned appears to consist chiefly of Primary and un- 
stratified rocks—eranite, gneiss, and basalt—which 
form the highest points of the hills, and present most 
varied and picturesque outlines, resembling titanic 
castles, cathedrals, domes, pyramids, and spires. The 
general face of the country consists of bare rolling 
moors, with a great amount of bright red and 
light brown clays, while the valleys have a rich vege- 
table soil of bluish-black alluvium. No stratified or 
fossiliferous rocks have yet been discovered in this 
upper part of the island, which appears to be very 
ancient land, and during portions of the Secondary 
and Tertiary periods probably formed the entire island, 
then about from a third to two-fifths of its present size, 
while the extensive southern and western plains were 
again and again submerged. 

The lower portions of Madagascar do not, so far as 
is yet known, much exceed from 300 to 600 feet. in 
height above the sea-level (except, of course, the three 
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chains of hills in the southwest). They appear in 
several localities to consist of strata of the 
Secondary period, with fossils of the Neo- 
comian age belonging to the genera Nerinea, 
Turritella, Ammonites, Terebratula, Rhynconella, Neri- 
tina, and Kechinoderms, and also /oramini/erw of the 
genera Alveolina, Orbitoides, Triloculina, ete. There 
are also beds of a much later age, containing fossils of 
recently extinct gigantic tortoises, hippopotami, and 
struthious birds. In addition to the rocks already 
mentioned as found in the higher portions of the 
island, there, are also slate, mica schist, greywacke, 
chert, pink and white quartz, and an unstratified lime- 
stone denasited by hot springs. tron exists in great 
abundance in the central parts of the country, and cop- 
per and silver are said to have been found in small 
quantities, but are not worked. Antimony seems to 
be plentiful in the north, and rock-salt, iron pyrites, 
plumbago, and various ochres and colored earths are 
among the mineral products, On the northwest coast 
thin beds of lignite, suitable for steam coal, oceur, but 
no true coal has yet been discovered. 

The climate varies very much in different parts of 
the country. In the high interior districts it resembles 
that of the temperate zones, with no in- — @jmate, 
tense heat, and is quite cold during the 
nights in winter. ‘These parts of the island are there- 
fore tolerably healthy for Huropeans. But the coasts 
are much hotter, especially on the western side; and, 
from the large amount of marsh and lagoon, malarial 
fever is prevalent, and frequently fatal both to Huro- 
peans and to natives from the interior. ‘The seasons 
are two—the hot and rainy season from November to 
April, and the cool and dry season during the rest of 
the year. Rain, indeed, falls almost all the year round 
on the eastern coast, which is exposed to the yapor- 
laden southeast trade winds, but it is much less fre- 
quent on the western side, being intercepted by the 
high interior land. No snow is known even on the 
loftiest mountains, but thin ice is very oceasionally 
found; and hail showers, often very destructive, are 
frequent in the rainy season. ‘Terrific thunder storms 
are also common at that period ; waterspouts are some- 
times seen, and hurricanes occur every few years, ab 
very rare intervals ascending into the interior high 
land. Very few extended or complete observations 
have been made in different parts of the island as to 
temperature. On the eastern coast the heat is pro- 
bably not very different from that of Bourbon and 
Mauritius, where the average annual mean is 77° and 
78° in the shade, and the average daily range from 70° 
at sunrise to 86° in the afternoon. ‘The temperature 
of the capital resembles that of Naples or Palermo. 

The flora of Madagascar is one of great fulness and 
interest, and recent collections have thrown 
much light upon its relationships. One of 
the most prominent features is the existence of an 
almost unbroken belt of dense forest all around the 
island, at no great distance from the sea, and generally 
following the coast-line. It appears to be continuous 
everywhere except on the northwest coast, where, how- 
ever, the two lines overlap for about 100 miles, leaving 
an opening of 70 miles wide between them. ‘This forest 
belt oo an average breadth of from 15 to 20 miles, but 
reaches 40 miles in the northeast, and contains a large 
variety of hard-wooded and valuable timber trees, as 
well as numerous species of palm, bamboo, treo-fern, 
euphorbia, pandanus, baobab, tamarind, ete, Werns are 
numerous, about two hundred and fifty species having 
been already collected, and there are many interesti 
orchids. ‘The vegetation of the forests, the abundant 
epiphytes, the tree-mosses, the filmy ferns, and the 
viviparous character of many of the ferns, show clearly 
how abundant the rainfall is in the forest region, Sey- 
eral trees and plants are characteristic-of Madagascar 
vegetation; some of them are endemie, and others are 
very prominent features in the landscape. Among these 
are the traveller’s-tree ( Urania speciosa), with its grace- 
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ful crown of plantain-like leaves growing in a fan shape 
at the top of a lofty trunk, and supplying a quantity 
of pure cool water, and every portion of it being of some 
service in building; the rdfia palm ( Sagus Ruffia), from 
whose pinnate leaves a valuable fibre used for cloth is 
obtained; the curious and beautiful lace-leaf or lattice- 
leaf ( Ouvirandra fenestralis), a water plant whose root 
is edible; the Madagascar spice (avintsara madagas- 
cartensis), a large forest tree with fragrant fruit and 
leaves; and the tangéna (Zunghinia veneniflua), for- 
merly so destructive to life from its employment as a 
poison ordeal. Although flowers growing on the ground 
are not remarkable for number or beauty, there are 
many magnificent flowering trees; conspicuous among 
these are the Poinciana regia, presenting, when in 
bloom, a mass of scarlet flowers; Colvillia racemosa, 
with yellow flowers; Oryptostegia. madagascariensis, 
a purpled-flowered creeper, and several species of 
Hibiscus, Mascarenhasia, Kitchingia, Tachiadenus, 


plants, and numerous grasses, reeds, and rushes, many 
of them of great service in the native manufactures. 


There are large numbers of spiny and _ prickly | 
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plains. Some of these creatures are highly specialized, 
while the curious aye-aye (Chiromys mudagasca- 
riensis), an allied form, is one of the most remarkable 
animals known, forming a genus and family by itself. 
Its whole structure is strangely modified to enable it to 
procure the wood-boring larvze which form its food. 
Other peculiar animals are several species of the Cen- 
tetidee, a family of the /nsectivora which is almost con- 
fined to Madagascar; while of the Carnivora there are 
several small creatures belonging to the civets ( Viver- 
ride). The largest of the ferocious animals, also form- 
ing a genus and family by itself, is the CUryptoprocta 
feroz; it is a plantigrade animal, 3 feet long, but very 
like an enormous weasel, and attacks the largest ani- 
mals with great ferocity. African humped cattle were 
introduced several hundred years ago into Madagascar, 
and now exist in large herds all over the island. The 
fat-tailed sheep, goats, and swine have also been natu- 
ralized, as well as all kinds of domestic poultry, which 
are reared in great abundance for export as well as for 
home consumption. 


Mr. J. G. Baker of Kew says:—‘‘ We now know no less | 


than two thousand flowering plants, and among the 
tropical types there are a considerable number of ende- 
mic genera. One natural order, Chlcenacer, is strictly 
confined to Madagascar, and there are not less than fifty 
peculiar genera of plants, some of them very curious 
types. Besides these the tropical flora contains a large 
proportion—(1) of endemie species of genera not known 
elsewhere; (2) of species common to Madagascar, Mau- 
ritius, and Bourbon, but not known elsewhere; (3) of 
species that spread across tropical Africa; (4) of species 
spread universally through the tropics of the Old 
orld; and (5) of species spread through the tropics 
of both hemispheres. A small proportion of the Mada- 
gascar species are Asian but not African; and the flora 
of the mountains corresponds closely with that of the 
reat ranges of the tropical zone of Africa.’’? ‘‘In the 
island altogether, the number of genera now known 
is about seven hundred; of these about cighty are 
supposed to be endemic, as far as present knowledge 
extends.’’? ‘‘The general plan of the flora follows thor- 
oughly the same lines as that of the tropical regions of 
the Old World,’’ and thus leads to somewhat different 
conclusions to what are suggested (as will be presently 
seen) by a study of the fauna. It is, however, probable 
that the flora is as yet not half known, so that fuller re- 
search may modify some of the inferences drawn from 
the collections now ayailable. 
Among the food-giving plants are rice—the staff of 
life to the Malagasy—in several varieties, 


Food-giving yy aize, millet, manioc, yams, sweet potatoes, 


plants, ; z 
and numerous vegetables of Huropean intro- 
duction. he fruits, indigenous and introduced, are 


the banana, peach, loquat, mango, melon, pine-apple, 
mulberry, orange, citron, lemon, guava, Chinese guaya, 
fig, raspberry, tomato, and several others. Several 
spices are grown; ginger, sugar-cane, coffee, indigo, 
tobacco, cotton, hemp, gourds, dye-woods, and gums 
are also among the vegetable productions; and gum- 
copal and india-rubber have been exported in consid- 
erable quantities. Besides the dense forest belt already 
mentioned, a great extent of the coast plains is also 
well wooded, as well as the river valleys in the upper 
parts of the island; and, as many portions of the 
country, especially of the forests, have not yet been 
traversed by Kuropeans, its vegetable wealth is prob- 
ably still far from being fully known. 
he fauna of Madagascar, while deficient in most of 
the characteristic tropical forms of life, is 
one of great interest to the naturalist. Asa 
continental island, probably separated at a very remote 
period from the mainland, it possesses no large quad- 
rupeds—none of the larger carnivorous, ungulate, 
roboscoid, or quadrumanous animals; but it is the 
eadquarters of the Lemuridee, no less than thirty-six 
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of which animals are found in its forests and wooded 


The avi-fauna is much richer than the mammalian, 
and, although wanting the largest birds, as well as 
the most brilliantly colored, comprises more than two 
hundred and twenty species, nearly half of which 
are peculiar to the island. Many of the birds are 
remarkable, not so much for their shape or coloring 
as for their distant relationships; many belong to 
peculiar genera, and sume are so isolated that it is 
very difficult to classify them, and they yet remain 
a puzyle to ornithologists. ‘here is a large variety 
of perching birds, including several species of brilliant 
plumage—sun-birds, kingfishers, etc.; kites, hawks, 
and owls are numerous; and the lakes and streams 
abound with water-fowl. Although now there is no 
living member of the Struthide, until four or five 
centuries ago Madagascar was the home of a very large 
bird of this family, the extinct Apyornis, whose eegs 
found in a sub-fossi) state, are the largest known (124 
inches by 9$ inches). The island is almost, if not quite, 
free from deadly serpents, but contains two or three small 
species of boa; crocodiles abound in the rivers and 
lakes, and numerous species of lizard, chameleon, and 
tree-frog inhabit the woods. There are several pecu- 
liar tortoises, but the gigantic species are extinct on 
the mainland, and are now only found alive on the 
little island of Aldebra to the north. The insect life 
comprises many brilliantly-colored beetles, butterflies, 
moths, spiders, locusts, and flies, and also noxious 
spiders, and scorpions and centipedes. As a whole, 
the Madagascar fauna is marked by a strong individu- 
ality, which would appear to be the result of long 
isolation from the other zoological “ regions.’’ 

Numerous interesting questions suggested by the 
peculiar fauna are closely connected with the physical 
geography of the island, and that of the numerous 
groups of small islands to the north and northeast. 
The Asiatic and Malayan affinities of many of its 
animals, as well as the physical conditions of the bed 
of the western part of the Indian Ocean, make it 
highly probable that Madagascar is the chief relic of 
a considerable archipelago formerly occupying that 
area, and now only shown by groups of small islands, 
and by coral atolls and shoals, which are gradually dis- 
appearing beneath the waves. ‘hese questions have 
been most fully treated by Mr. A. R. Wallace in his 
Geographical Distribution of Animals (vol. i. chap. ix.) 
and Island Lnfe (chap. xix.). 

The people of Madagascar, who are collectively 
known by the name of Malagasy, are di- yynapitants 
vided into a considerable number of tribes, 
each haying its own distinct name and customs. Al- 
though by its geographical position the country is an 
African island, a large portion, if not the majority, of 
its inhabitants appear not to be derived from Alrica, 
but to belong to the Malayo-Polynesian stock. This 
is inferred from their similarity to the peoples of 
the Indian and Pacific archipelagoes in their physical 
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appearance, mental habits, customs, and, above all, in 
their language. Their traditions also point in the 
same direction. There is, however, an undoubted 
African mixture in the western and some other tribes ; 
and there is also an Arab element both on the north- 
west and southeast coasts. It is believed that there 
are traces of an aboriginal people who occupied por- 
tions of the interior before the advent of the present 
inhabitants, and these appear to have been a somewhat 
dwarfish race, and lighter-colored than the Malagasy 
generally. Looked at as regards their present geo- 
graphical position, the people of Madagascar may be 
classed in three divisions: the eastern including the 
Bétsimisiraka, Bezinozino, Tandla, Taisika, and 
Taimdro; the central, including the Sihinaka, Hova, 
Bétsiléo, and Bara; and the western, comprehending 
a number of peoples commonly known under the name 
of Sakalava, because this tribe conquered all the others, 
but each of which retains also its own proper name. 
Of all these the Héva, who oceupy the central province 
of Inérina, are now the dominant tribe; they appear to 
be the latest immigrants, and are the lightest in color ; 
and they are also the most advanced, intelligent, and 
civilized of all the peoples inhabiting the island. 
As regards both language and customs, there ap- 
Pate dace: nel to be a wider difference between the 
Tdva and all the surrounding tribes than 
exists between any of these latter, although living on 


opposite sides of the island, far separate from one an- | 


other. The most striking proof of the virtual unity of 
the inhabitants of Madagascar is that there is sub- 
stantially but one language spoken over the whole 
country. There are considerable dialectic differences 
both in vocabulary and in pronunciation, but there is 
no evidence that any other distinetly different language 
was ever spoken in any part of the island. The Ma- 
lay affinities of Malagasy were noted more than two 
hundred and seventy years ago; indeed, the second 
and fifth books published upon the country (in 1603 
and 1613) were comparative vocabularies of these two 
languages. Fuller and later investigations have quite 
confirmed the conelusions thus early arrived at; and 
very recently Van der Tuuk, Marre de Marin, and W. 
E. Cousins have shown conclusively the close relation- 
ships which exist between the language of the Mala- 

asy and those of the Malayan and Polynesian regions. 

he Malagasy had never invented for themselves a 
written character, and had consequently no manuscripts, 
inscriptions, or books, until their language was reduced 
to writing by English missionaries about sixty years 
ago.! Their speech nevertheless is very full in many 
of its verbal and other forms, while it also exhibits 
some curious deficiencies. It is very soft and musical 
in sound, full of vowels and liquids, and free from all 
harsh gutturals. Native oratory abounds in figures, 
metaphors, and parables; and within the last five or 
six years a large number of folk-tales, songs and le- 
gends have been brought to light which, together with 
the very numerous proverbs, give ample evidence of the 
mental ability and imaginative powers of the Malagasy. 

While the people are not civilized in a European 
Civilization, Sense, they are not a savage race, and some 

of the tribes can hardly be classed among 
barbarous peoples. They have never, for instance, 
fallen into the cannibal practices of many allied races 
in Polynesia; and the tribal instincts are strong among 
all sections of the population. ‘They are law-obeying 
and loyal, living in settled communities, in villages 
which are often fortified with considerable skill, with 
a government of chiefs and elders, a development of 
a primitive patriarchal system. 

Native society in Imérina among the Hova is divided 
into three great classes: the Andriana, or 
nobles; the Hova, freemen or commoners ; 
and the Andévo, or slaves. The Andriana, 


1 There is, however, an account in one of the very earliest Eng- 
lish books upon Madagascar (Hamond, 1643) of a kind of pieture- 
writing which is said to have been in use among the native 
“priests” near St, Augustine’s Bay (southwest coast), 
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however, although generally termed ‘‘ nobles,’’ are, 
strictly speaking, royal clans, being descendants of the 
families of several of the petty kings or chiefs who 
once ruled small divisions of the central province, and 
who were conquered, or otherwise lost their authority, 
through the increasing power of the ancestors of the 
present reigning family. Their descendants have re- 
tained certain honors in virtue of their royal origin, 
such as special terms of salutation, the use of the 
smaller scarlet umbrella (the larger one is the mark of 
royal rank), the right to build a particular kind of 
tomb, ete.; they also enjoy exemption from certain 
Government service, and from some punishments for 
crime. There are six ranks of Andriana besides the 
royal clan, and many members of the higher ranks 
hold their lands on a kind of feudal tenure from the 
sovereign. They form a large proportion of the peo- 
le, whole villages being often occupied almost entirely 
y them and their slaves, and they monopolize some 
handicrafts. Many are very poor, and there are no 
outward distinctions in dress, etc., between them and 
the people generally. 

The Hdva? or commoners form the mass of the free 
population of Imérina. They are composed of a large 
number of tribes, who usually intermarry strictly among 
themselves, as indeed do families, so that property 
and land may be kept together. Hitherto they have 
also been divided into two great sections—the Lorozano 
or civilians, and the miéaramila or military class; but 
this distinction does not follow tribal lines, members 
of the same family belonging to both classes; and the 
Andriana are also almost all members either of the 
civilian or the military orders. 

The third great division of native society comprises 
the slave population. Until the year 1877 it was also 
again subdivided into three classes: (a) the Zaza- 
hodva, that. is, “offspring of Hova,” or free people 
who have been reduced to slavery for debt or for politi- 
cal or criminal offences; () the Andévo, or slaves 
sroper, mostly the descendants of people of other 
ae tribes who have been conquered by the 
Hova, and thus have become their slaves; and (c) the 


| Mozambiques or African slaves, whose ancestors or 


they themselves have been brought across from the 
African coast by the Arab slaving dhows. ‘These last, 
however, were in 1877 formally set free, and will be 
henceforth mostly reckoned among the Hova. 

Royalty and chieftainship im Madagascar has many 
peculiar customs connected with it. ‘Tt still retains a 
semi-sacred character, the chief being in heathen 
tribes, while living, the high priest for his people, and 
after death worshipped as a god; and in its modern 
development among the Hova sovereigns it has gath- 
ered round it much state and ceremony. ‘There are 
many curious examples of the fabw with regard to ac- 
tions connected with royalty, and also in the words used 
which relate to Malagasy sovereigns and their surround- 
ings. These are particularly seen in everything hay- 
ing to do with the burial of a deceased king or queen.*® 

While the foregoing description of native society 
applies chiefly to the people of the central province of 
Imérina, it is more or less applicable, with local mod- 
ifications, to most of the Malagasy tribes, amongst 
almost all of whom similar distinctions of rank are 
found. In modern times a kind of non-hereditary 
nobility has arisen, derived from military “‘ honors” ; 
and the tendency of recent changes in the native goy- 
ernment is to depress the old feudal authority and 
influence, and to make it subservient to the army and 
its officers. i 

The chief employment of the Malagasy is agriculture, 
a large portion of their time being spent in Pe 
the cultivation of rice, their staple food. In — @Hture 
this they show very great ingenuity, the. 

2 This is, of course, a snecial and restricted use of the word 
Hova in its widest sense being a tribal name, and including all 
ranks of people in Imérina--royalty, nobles, commoners, and 


slaves alike. 
8 See Sibree, The Great African Island, pp. 185-90, 226, 227, etc. 
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ketsa grounds, where therice is sown before transplant- 
ing, being formed either on the margins of the streams or 
in the hollows of the hills in a series of terraces, to which 
water is often conducted from a considerable distance. 
In this agricultural engineering no people surpass the 
Bétsiléo tribes. No plough is used, but all work is done 
by a long-handled spade; and oxen are only employed 
to tread out the soft mud preparatory to transplanting. 
The other processes are yery primitive: the rice is 
threshed by being beaten in bundles on stones set 
upright on the threshing-floor; and when beaten out 
the grain is stored by the Héva in rice-pits dug in the 
hard red clay, but by the coast. tribes in small timber4 
houses raised on posts to protect them from vermin. 
In preparing the rice for use it is pounded in a wooden 
mortar to remove the husk, this work being always 
done by the women. The manioce root is also largely 
consumed, together with several other roots and many | 
vegetables ; but little animal food (save fish and fresh- 
water Crustacea) is taken by the mass of the people 
except at festival times. Rice is used less by the west- 
ern tribes than by those of the central and eastern 
provinces, and the former people are more nomadic 
in their habits than are the others. Large herds of 
fine hamped cattle are kept almost all over the island. 

The central and eastern peoples have a considerable | 
amount of manual dexterity. The women 
spin and weave, and with the rudest appli- | 
ances manufacture a variety of strong and 
durable cloths of silk, cotton, and hemp, and of rdfia | 
palm, aloe, and banana fibre, of elegant patterns, and of- | 
ten with much taste in color. They also make from straw | 
and papyrus-peel strong and beautiful mats and baskets | 
in great variety, some of much fineness and delicacy, 
and also hats resembling those of Panama. The people 
of the south and southeast make large use of soft rush | 
matting for covering, and they also prepare a rough | 
cloth of bark. Their non-employment of skins for 
clothing is a marked distinction between the Malagasy | 
and the South African races, and their use of vege- | 
table fibres an equally strong link between them and 
the Polynesian peoples. The ordinary native dress is 
a loin-cloth or suldka for the men, and a /vitdmby or 
apron folded round the body from the waist to the 
heel for the women; both sexes use over this the 
lamba, a large square of cloth folded round the body 
something like the Roman toya. The Malagasy are 
skilfal in metal working: with a few rude-looking 
tools they manufacture silver chains of great fineness, 
and filagree ornaments both of goldand silver. Their 
iron-work is of excellent quality, and in copper and 
brass they can produce copies of anything made by 
Huropeans. ‘They display considerable inventive 

ower, and they are exceedingly quick to adopt new 
ideas from the Europeans. 

There is a considerable variety in the houses of the 
different Malagasy tribes. The majority of 
Hova houses are built of layers of the hard 
red clay of the country, with high-pitched 
roofs thatched with grass or rush. The chiefs and 
wealthy people have houses of framed timber, with 
massive upright planking, and lofty roofs covered with 
shingles or tiles. The forest and coast tribes make their 
oes chiefly of wood framing, filled in with the 
leaf-stalks of the traveller’s-tree, with the leaves them- 
selves forming the roof-covering. The houses of the 
Bétsiléo and S&kaliva are very small and dirty, but 
those of the coast peoples are more cleanly and roomy. 
Among the Hova and Bétsiléo the old villages were. 
always built fur security on the summits of the lofty | 
hills, around which were dug several deep fosses, one 
within the other. In other districts the villages and 
homesteads are inclosed within formidable defences of 
prickly pear or thorny mimosas. p 

The country is very deficient in means of communica- 
tion. There are no roads or wheeled vehi- | 
ctes, so that all goods are carried either by 
canoes, where practicable, or on the shoulders of bearers 
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along the rough paths which traverse the country, and 
which have only been formed by the feet of the tray- 
ellers. Intercourse between distant portions of the 
island is therefore very limited, but a large quantity 
of Huropean goods is brought wp to the capital city 
and its neighborhood, and a good deal of native produce 
is taken down to the coast. Commerce is gradually 
increasing, as shown by the consular returns, the 
chief articles of export being bullocks, rice, hides, 
rofia palm cloths (rabdnnas) and fibre, and also 
gum-copal and india-rubber, although the yield 
of these products has latterly much diminished. 
Coffee is being planted to some extent by creole 
traders, and is likely to become a staple article of 
export, and from the natural fertility of the soil almost 
unlimited quantities of most tropical produce could be 
obtained—sugar, coffee, rice, cotton, tobacco, indigo, 
spices, ete. The chief imports are Huropean and 
American calicoes and prints, hardware, aad spirits. ! 
On the west coast a sea-going canoe with outrigger is 
employed, but in the southeast an ingeniously con- 
structed boat, with all the timbers tied together, is 
used for going through the heavy surf. A considerable 
number of Huropean traders are scattered along the 
coasts, especially at Tamatave and other eastern sea- 
ports, and there is a large Arab and Indian community 
in the northwestern ports. There is no native coinage, 
but the French five-frane piece or dollar is the standard, 
and all sums under that amount are obtained by cut- 
ting up these coins into all shapesand sizes, which are 
weighed with small weights and scales into halves, 
quarters, eighths, twelfths, and twenty-fourths of a 
dollar, and are even reckoned down to. the seven-hun- 


' dred-and-twentieth fraction of the same amount. 


Apart from the modern influence of religious teach- 
ing, the people are very immoral and un- 
truthful, disregardful of human life and 
suffering, and cruelin war. Until lately polygamy 
has been common among all the Malagasy tribes, and 
divorce effected in an absurdly easy fashion. At the 
same time the position of woman is much higher in 
Madagascar than in most heathen countries; and, 
since for more than fifty years past there have been 
(with a few months’ exception) only female sovereigns, 
this has helped to give women considerable influence 
in native society. Among some of the tribes, as, for 
instance, the Bira, there is often a shameless indecency 
of speech and gesture. The southern and western 
neoples still practice infanticide as regards children 
hoon on several unlucky days in each month. This was 
formerly the general practice all over the island. The 
old Jaws among the Hova were very barbarous in their 
punishments, and death in various cruel forms was 
inflicted for yery trifling offences. Drunkennesgs is very 
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1 The following tables will give some idea ofthe imports and ex- 
orts in English vessels from Tamatave, the chief eastern port of 
fadagascar, to Mauritius during the last few years, since the 

country has been reopened to European trade: 


Exports, Imports. 
LSBD ayia ctusvoisnledovste's oi Rsisverrba pees, ee IOLLOL £57,714 
1865... « 66,873 40,082 
1870... » 57,922 63,047 
1872... « 164,659 145,255 
1875... « 118,961 113,598 
1877... » 54,882 59,680 


The great diminution in the eastern trade during the last four 
or five years was due to a fearful epidemie of small-pox, which 
desolated the coast provinces and is said to have carried off 40 
per cent. of the population. Of these figures, in the exports, 
cattle form the largest item, amounting from three-fourths in 
early years to one-third more recently of the total value; and 
next to this comes india-rubber, which, in 1872,was exported to the 
value of £65,000. These figures, however, by no means represent 
the whole trade of the country, as they do not include Ilrench, 
American, and German commerce, nor do they show what is the 
trade on the western side of the island, Mr. Samuel Procter, the 
consul for Madagascar in England, says that the west coast has 
developed very much during the last five or six years, and his 
opinion is “that the entire foreign trade with Madagascar, im- 
port and export, does not fall far short, if at all, of a million 
pounds sterling.” When it is remembered that it is less than 
thirty years since almost all foreign commerce was excluded, it 
will be seen that Madagascar trade has deyeloped somewhat 
rapidly since the reopening of the country. 
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prevalent in many parts of the island (except in Imérina, — 
where it is much restrained by the laws); and it can 

hardly be said of many of the Malagasy that they are | 
very industrious. But, on the other hand, they are 
courageous and loyal to their chiefs and tribe, and for 
short periods are capable of much strenuous exertion. 
They are affectionate and firm in their friendships, kind | 
to their children and their aged and infirm relatives, 

very respectful to old age, most courteous and polite, 

and very hospitable to strangers. Although slavery 

has existed among them from time immemorial, it | 
bears quite a patriarchal and family character, and is 

seldom exercised in a cruel or oppressive way. In 18774 
all the African slaves who had been brought into 
the island were formally set free; the other slaves 
were retained in servitude, but probably with the 
advance of Christianity slavery will eventually pass 
away. 

In their religious notions and practices the Malagasy 
seem to occupy a middle position among 
heathen peoples. On the one hand they 
have never had any organized religious system or forms 
of worship; there are no temples, images, or stated 
seasons of devotion, noris there a priesthood, properly 
so called. On the other hand, they have never been 
without some distinct recognition of a Supreme Being, 
whom they call Andriamanitra, ‘The Fragrant One,” 
and Zadnahary, “The Creator,’’—words which are 
recognized all over the island. They have also re- 
tained in their public and oratorical forms of speech 
many ancient sayings, proverbial in their style, which 
enforce many of the truths of natural religion as to the 
attributes of God. With all this, however, there has 
long existed a kind of idolatry, which in its origin is 
simply fetichism, the belief in charms—worthless ob- 
jects of almost any kind—as haying power to procure 
various benefits and protect from certain evils. Among 
the Hova in modern times some four or five of these 
charms had acquired special sanctity and renown, and 
were each honored as a kind of national deity, being 
called god, and brought out on all public occasions to 
sanctify the proceedings. Together with this idolatry 
there is also a firm belief in the power of witchcraft 
and sorcery, in divination, in lucky and unlucky days 
and times, in ancestor worship, especially that of’ the 
sovereign’s predecessors, and in several curious ordeals 
for the detection of crime. The chief of these was the 
celebrated tangéna poison ordeal, in which there was 
implicit belief as a test of guilt or innocence, and by 
which, until its prohibition by an article in the Anglo- 
Malagasy treaty in 1865, thousands of persons, mostly 
innocent, perished every year. Sacrifices of fowls and 
sheep are made at many places at sacred stones and 
altars, both in thanksgiving at times of harvest, etc., 
and as propitiatory offerings. Blood and fat are used 
to anoint many of these stones, as well as the tombs 
of ancestors, and especially those of the Vazimba, the 
supposed aboriginal inhabitants of the central prov- 
inces. In some of the southern districts it is said that 
human sacrifices were occasionally offered. The chief 
festival among the Hova, and almost confined to them, 
is that of the New Year, at which time a kind of sacri- 
ficial killing of oxen takes place, and a ceremonial 
bathing, from which the festival takes its name of 
Fandroana (the Bath). Another and more general 
feast is at circumcision times. ‘This rite is observed by 
royal command at intervals of a few years; these are 
occasions of great rejoicing, but also of much drunken- 
ness and licentiousness. Junerals are also times of 
much feasting, and at the death of people of rank and 
wealth numbers of bullocks are killed. Although, 
as already observed, there was no proper priesthood, 
the idol keepers, the diviners, the day-declarers, and 
some others formed a class of people closely connected 
with heathen customs and interested in their continued 
observance. 
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Hisrory.—Irom the earliest accounts given of the peo- 
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ple of Madagascar by European travellers, as well as from 
what may be inferred from their present condi- 

tion over a large portion of the island, they he 
seem for many centuries to have been divided gions, 
into a number of tribes, each occupying its own 
territory, and often divided from the others by a wide ex- 
tent of uninhabited country. ach of these was under its 
own chief, and was often at war with its neighbors. Noone 
tribe seems to haye gained any great ascendency over the 
rest until about two hundred and thirty years ago, when a 
small but warlike people called Sakalava, in the southwest 
of Madagascar, advanced northward, conquered all the in- 
habitants of the western half of the island, as well as some 
northern and central tribes, and eventually founded two 
kingdoms which retained their supremacy until the close 
of last century. About that time, however, the Hova in 
the central province of Imérina began to assert their own 
position under two warlike and energetic chieftains, Andri- 
animpoina and his son Radima; they threw off the Saka- 
lava authority, and after several wars obtained a nominal 
allegiance from them ; they also conquered the surrounding 
tribes, and so made themselves virtual kings of Madagas- 
car. Since that time the Hova authority has been retained 
over the central and eastern provinces, but is only nominal 
over much of the western side of the island, while in the 
southwest the people are quite independent, and are still 
under their own petty kings or chiefs. 

While European intercourse with Madagascar is compara- 

tively recent, the connection of the Arabs with ; 
the island dates from a very remote epoch; and 4t#b_inter- 
: fi course and 
in very early times settlements were formed jnfuence, 
both on the northwest and southeast coasts. 
In the latter locality there are still traces of their influence 
in the knowledge of Arabic possessed by a few of the peo- 
ple; and it is asserted that the ruling clans of the Tanala 
and other tribes in that district are all of Arab descent. But 
in these provinces they have almost lost all separate exist- 
ence, and have become merged in the general mass of the 
people. It is different, however, in the northwest of the 
island. Here are several large Arab colonies, occupying 
the ports of Amérontsanga, Mojanga, Marovoay and Moron- 
dava, and retaining their distinct nationality, together 
with their own dress, habits, houses,worship and language. 
There is also in these districts a Hindu element in the 
population, for intercourse has also been maintained for 
some centuries between India and Northern Madagascar, 
and in some towns the Banyan Indian element is as promi- 
nent as the Arab one, and Hindu dress, ornament, music, 
food, and speech are marked features in the social life of 
these places. In the early times of their intercourse with 
Madagascar, the Arabs had a very powerful and marked 
influence upon the Malagasy. This is seen in the number 
of words derived from the Arabie which are found in the 
native language. Among these are the names of the months 
and the days of the week, those used in astrology and diyi- 
nation, some forms of salutation, words for dress and bed- 
ding, money, musical instruments, books and writing, 
together with a number of miscellaneous terms. These 
form enduring memorials of the influence the Arabs have 
exerted upon Malagasy civilization, and also on their super- 
stition. 

The island is mentioned by several of the early Arabic 
writers and geographers, but medizeval maps 
show curious ignorance of its size and position. 
Marco Polo has a chapter upon it, and terms it 
Madeigascar, but his accounts are evidently con- 
fused with those of the mainland of Africa. 
The first European voyager who saw Madagas- 
car appears to have been a Portuguese captain 
named Fernando Soares, in command of a squadron of 
eight ships from the fleet of Don Francisco de Almeida, 
On his way home from India he sighted the island on the 
1st of February, 1506. The Portuguese gave names to most 
of the capes, but made no persistent attempts at coloniza- 
tion. After them the Dutch endeavored, but with little 
success, to form colonies; and in the time ®f Charles I. 
proposals were made to form an English “plantation,” but 
these were never carried into effect, although for a short 
time there was a settlement formed on the southwest 
coast. In the latter part of the 17th and during most of 
the 18th century the French attempted to establish mili- 
tary positions at various places on the east coast, but with 
little permanent result. J‘or some time they held the ex- 
treme southeast point of the island at Fort Dauphin; but 
several of their commandants were so incapable and tyran- 
nical that they were frequently involved in war with the 
people, and more than once their stations were destroyed 
and the French were massacred. Early in the present 
century all their positions on the mainland were relin- 
quished, and they now retain nothing but the islands of 
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St. Marie on the east coast and Nésibé on the northwest. | 
No foreign power now holds any portion of Madagasear, 
for the native Government has jealously reserved all terri- | 
torial rights to itself, and will suffer no purchase of land 
by foreigners, allowing it only to be held on short leases. 
The political history of Madagascar as a whole may be | 
Radamat, S#id to date from the reign of Radama I. (1810- 
* 28). The ancestors of that king had been mere- 
ly chiefs of the central provinces, but he was the first to | 
claim by right of conquest to be supreme ruler of the whole | 
island, although actually exercising authority over less 
than two-thirds of its surface. Radima was a man much 
in advance of his age,—shrewd, enterprising and unde- 
terred by difficulty,—a kind of Peter the Great of his 
time. He saw that it was necessary for his people to be 
educated and civilized if the country was to progress; and 
making a treaty with the governor of Mauritius to abolish 
the export of slaves, he received every year in compensa- 
tion a subsidy of arms, ammunition, and uniforms, as well | 
as English training for his troops. He was thus enabled 
to establish his authority over a large portion of the island, | 
and, although this was often effected with much cruelty, | 
the ultimate results were beneficial to the country as a 
whole. A number of native youths were sent to Mauritius, 
and others to England, for education and instruction in 
some of the arts of civilization, as well as in seamanship. 
For some yearsa British agent, Mr. Hastie, resided at | 
KRadaima’s court, and exercised a powerful influence over the 
king, doing very much for the material advance of the 
country. At the same period (1820) Christian 


Ray teaching was commenced in the capital by the 
Christi- London Missionary Society, and by the efforts 
anity. of its missionaries the language was for the 


first time reduced to asystematic written form, 
and the art of printing introduced; books were prepared, 
the Scriptures were translated, numerous schools were 
formed, and several Christian congregations were gathered 
together. The knowledge of many of the useful arts was 
also imparted, and many valuable natural productions were 
discovered, and their preparation and manufacture taught 
to the people. At the same time the power of superstition | 
was greatly broken, a result partly due to the keen good 
sense of the king, but chiefly to the spread of knowledge 
and religious teaching. 

The bright prospects thus opening up for the country 
Ranaya- were clouded by the death of Radadma at the 
lona I. early age of thirty-six, and the seizure of the 

royal authority by one of his wives, the Prin- 
cess Ranavalona. Superstitious and despotic in temper, 
the new sovereign looked with much suspicion upon the 
ideas then gaining power among many of her people, and 
after a few years of temporizing she at length determined 
to strike a decisive blow at the new teaching. In 1835 the 
profession of the Christian religion was declared illegal ; all 
worship was to cease, and all religious books were ordered to 
be given up. By the middle of the following year all the 
English missionaries were obliged to leave the island, and 
for twenty-five years the most strenuous efforts were made 
by the queen and her Government to suppress all opposi- 
tion to her commands. This, however, only served to show 
in a very remarkable manner the courage and faith of the 
Christian Malagasy, of whom about two hundred suffered 
death in various cruel forms, while many hundreds were 
punished more or less severely by fine, degradation, im- 
prisonment, and slavery. During the queen’s reign the 
political condition of the country was deplorable; there 
were frequent rebellions owing to the oppressive nature of 
the government; many of the distant provinces were deso- 
lated by barbarous wars; and for some years all Europeans 
were excluded, and foreign commerce almost ceased. This 
last circumstance was partly owing to an ill-managed at- 
tack upon Tamative in 1846 by a combined English and 
French force, made to redress the wrongs inflicted upon 
the foreign traders of that port. But for the leaven of 
Christianity and education which had been introduced into 
the country it would have quite reverted to a state of 
barbarism. ; 

This reign of terror was brought to a close in 1861 by the 
ERadiia LI death of the queen and the accession of her son 
* Radama II. ‘The island was reopened to Euro- 

pean trade, and missionary efforts were recommenced. A 

determined attempt was made by some enterprising French- 

men to gain for their country an overwhelming influence 
_ by means of a treaty which they induced the king to sign. 
But this act, as well as the vices and insane follies into | 
which he was led by worthless foreign and native favorites, | 
soon brought his reign and his life to an end, He was put 
to death in his palace (1863) after having reigned for less | 
. than two years, and his wife was placed on the throne. | 
The new sovereign and her Government refused to ratify 
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the agreement which had been illegally obtained, choosing 
rather to pay a million franes as compensation tothe French 
company. During the five years’ reign of Queen 
Rasohérina, quiet and steady advances were 
made in civilization and education, and treaties were con- 
cluded with the English, French, and American Govern- 
ments. 

At the death of Rasohérina in 1868, she was succeeded by 
her cousin, the present (1882) sovereign, Ranaya- Rona 
lona II. One of the first acts of the new queen yy ae 

1 U. 
was the public recognition of Christianity ; and 
very soon afterwards she and her husband, the prime 
minister, were baptized, and the erection of a chapel royal 
was commenced in the palace yard. These acts were fol- 
lowed in the succeeding year by the burning of the royal 
idols, and immediately afterwards by the destruction of 
the idols throughout the central provinces, the people gen- 
erally putting themselves under Christian instruction. 
Since that time education and enlightenment have made 
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| great progress, chiefly through the labors of the London 


Missionary Society’s missionaries, with whom are also 
associated several agents of the Friends’ Foreign Mission 
Association. About 1200 congregations have been formed, 
and about 900 schools, in which nearly 50,000 children 
receive instruction; and there are also normal schools and 
colleges where teachers, pastors, evangelists, and the sons 
of the upper classes are well educated. A considerable 
amount of literature has been prepared, and several print- 
ing presses are constantly at work. Very marked advance 
has been made as regards the morality of the people by the 
suppression of the grosser and more open forms of vice, the 
abolition of polygamy, and the restrictions placed on arbi- 
trary divorce. All the barbarous punishments of the old 
laws have been done away with; and the only war carried 
on during the present reign was conducted with such hu- 
manity as well as sagacity that peace was speedily restored. 
Although these changes have as yet only affected about a 
fourth part of the whole population, there is reason to be- 
lieve that the influences at work in the centre of the island 
will eventually affect all the different tribes. Missionary 
work is also carried on by English Episcopalians (8. P. G.), 
Norwegian Lutherans, and French Roman Catholics. 

The government of Madagascar during the present cen- 
tury has been and still is monarchical, theoreti- 
cally despotic, but practically limited in vari- 
ous ways. Radama I. and Ranavalona I. were 
much more absolute sovereigns than those before or after 
them, but even they were largely restrained by public 
opinion. New laws are announced at large assemblies of 
the people, whose consent is asked, and always given 
through the headmen of the different divisions of native 
society ; and this custom is no doubt a “survival” from a 
time when the popular assent was not a merely formal act, 
as it has now almost entirely become. The large disci- 
plined army formed by Radama I. aided much in changing 
what was formerly a somewhat limited monarchy into an 
absolute one. The Hova queen’s authority is maintained 
over the central and eastern portions of Madagascar, and 
at almost all the ports, by governors appointed by the 
queen, and supported by small garrisons of Hoya troops. 
At the same time the chiefs of the various tribes are left in 
possession of a good deal of their former honors and influ- 
ence, so long as they acknowledge the suzerainty of the 
Hova sovereign, and perform a certain am»unt of Govern- 
ment service. The present queen and her predecessor have 
both been married to the prime minister, a man of great 
ability and sagacity, who, by his position as husband and 
chief adviser of the sovereign, is the virtual ruler of the 
country. Chiefly owing to his influence, the last five or 
six years haye been marked by the introduction of several 
measures tending to modify the government of the country 
and improve the administration. The purpose of these 
new laws is to weaken the old oppressive feudal system ; 
to remodel the army; to appoint a kind of local magis- 
tracy and registrars ; to encourage education ; and to form 
a responsible ministry, with departments of justice, war, 
education, agriculture, commerce, revenue, etc. 

Owing to the conservative habits of the people, considera- 
ble time will probably elapse before all these measures are 
carried into effect, but their mere enactment is a proof of 
the progress of enlightened ideas. Until lately 
the military service has been very oppressive 
upon certain classes, being for life, and without any pay ; 
but it is now to be made compulsory upon all, and for short 
periods only. The Hoya army has been variously esti- 
mated at from 30,000 to 40,000 men, although it is popu- 
larly termed ny Folo-dlin-dahy, i. e., “the Ten ten-thousand 
men.” Military rank is reckoned by numbers, from one 
“honor,” that of a private, to sixteen “honors,” the rank 
of the highest officer; but several of the English words for 
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different ranks are employed, as a sergeant, captain, gen- | 


eral, marshal, etc. Justice has hitherto been 
administered by a number of unpaid judges 
appointed by the sovereign, and they generally sit in the 
open air. There appears to be a somewhat small amount 
of crimes of violence ; but cattle-stealing raids made by one 
tribe upon another are a frequent cause of petty wars away 
from the Hova authority. The revenue of 
the Government is derived from customs 
duties, first fruits, fines and confiscation of offenders’ prop- 
erty, and a money offering called hdsina, presented on a 
great variety of occasions both to the sovereign in person 
and to her representatives ; and these are supplemented by 
“benevolences” (in the medieval sense of the word) levied 
upon the people for occasional state necessities. Besides 
these, the Government claims the unpaid service of all 
classes of the community for all kinds of public work. 
Consuls appointed by the English, French, and 
American Governments are accredited to the 
Malagasy sovereign, and the queen has a con- 
sul in England, and a consular agent at Mauritius. During 
the late Lord Clarendon’s tenure of office as foreign secre- 
tary an understanding was come to between the English 
and French Governments by which it was agreed that each 
power should respect the independence of Madagascar; 
and, although the intrigues of Jesuit priests have more 
than once fomented difficulties between the native Goy- 
ernment and the French, it may be hoped that the home 
authorities in France will still refuse to interfere, and will 
allow the Malagasy—undisturbed by fear of foreign inva- 
sion—quietly to advance in that path of progress which 
they have for some years been following with such happy 
results. The best prospects for the future of the country 
would appear to be bound up in the gradual consolidation 
of the central Hova authority over the whole island, bring- 
ing to every part of it those civilizing and enlightening 
influences which have already worked such changes in the 
central provinces. 

Antananarivo, the capital of Madagascar, is by far the 
. . largest city in the island. It has about 100,- 
The capital. 000 inhabitants, and has been almost rebuilt 
during the last twelve years, the old timber and rush 
houses being nearly all replaced by much larger and 
more substantial ones of sun-dried brick and stone, con- 
structed in European fashion. A group of royal palaces, 
with lofty roofs and stone-arched verandahs, crowns the 
summit of the ridge on and around which the city is built, 
and hardly less conspicuous is the grand new residence of 
the prime minister. Four handsome stone memorial 
churches, with spires or towers, mark the spots where the 
Christian martyrs suffered ; and other prominent buildings 
are the Chapel Royal, the Norwegian and the Roman 
Catholic churches, the London Missionary College, the 
London Missionary Society and the Friends’ normal 
schools, mission hospitals, the court of justice, and numer- 
ous large Congregational churches of sun-dried brick. 

Next to the capital in size are the port of Mojanga, on 
the northwest coast, with about 14,000 inhabi- 
tants; Tamatave, the chief eastern port, and 
Fianarantsda, the chief town of the Bétsiléo, each 
with about 6000 people; and Ambdhimanga, the old 
capital of Imérina, with about 5000. There are very few 
places besides these with as many as 5000 people, and the 
majority of native towns are small. The population is 
dense in two or three districts only, and the 
entire island is variously estimated to contain 
from four to five millions of inhabitants. 
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Literature.—A considerable number of books have been written 
upon Madagascar, both in the English and French languages, but 
many of the latter are of little value. And during the last twenty 
years a great many papers upon the exploration, natural re- 
sources, animal and vegetable life, and political and religious 
eondition of the country have appeared in various periodicals 
and in the Proceedings of the different learned societies, both 
English and French. In the following lists no attempt is made 
at completeness, but only to select the most important of each 
class. As regards the scientific aspects of the country, almost 
everything worth preserving in previous books and papers will 
be included in the magnificent work now in course of publication 
in twenty-eight 4to vols. by M. Alfred Grandidier, entitled, His- 
toire Naturelle, Physique, et Politique de Madagascar. Of this mag- 
num opus four volumes are already issued. 

Of books treating of the country generally, the following are 
the most noteworthy :—Hamond, Madagascar, the Richest and most 
Frvitfull Isiand in the World, London, 1643; Boothby, A Breife Dis- 
covery or Description of the most famous Island of Madagascar or St. 
Laurence, London, 1664; Flacourt, Histoire de la grande Isle de 
Madagascar, Paris, 1658; Madagascar, or Robert Drury’s Journal dur- 
ing Fifteen Years’ Captivity on that Island, London, 1729; Voyages et 
Mémoires de Maurice Auguste comte de Benyowski, Paris, 1791; 
Rochon, Voyages a@ Madagascar, ete., Paris, an x.; Froberville, 
Histoire de Madagascar, Isle de France, 1809; Copland, A History 
of the Island of Madagascar, London, 1822; Ellis, History of Mada- 
gascar, London, 1838; Leguevel de Lacombe, Voyage d Madagascar 
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et aux tles Comores, Paris, 1840; Guillain, Docwments sur . . . la 
partie occidentale de Madagascar, Paris, 1845; Macé Descartes, His- 
toire et Géogruphie de Madagascar, Paris, 1846; Ellis, Three Visits to 
Madagascar, London, 1859; Oliver, Madagascar and the Malagasy, 
London, 1863; Sibree, Madagascar and its People, London, 1870; 
articles in Revue des Deux Mondes, 1872; Tantara ny Andriana eto 
Madagascar : Histoire des Rois d’ Imérina d'apres les manuserits Mal- 


| gaches, Antananarivo, 1875; Mullens, Twelve Months in Madagas- 


car, London, 1875; Blanchard, L’le de Madagascar, Paris, 1875; 
Dahle, Madagaskar og dets Beboere, Christiania, 1876-78; The Anta- 
nanarivo Annual, Nos. i-v., 1875-81; and Sibree, The Great African 
Island, London, 1880, and ‘The Arts and Commerce of Madagas- 
ear,” Jour. Soc. Arts, June 4, 1880. 

Philology—Houtman, Spraak ende woord boek in de Maleische 
ende Madagaskarsche talen, Amsterdam, 1603; Voyage de C. van 
Teemskerk ; vocabulaire de la langue pariée dans Vile Saint-Laurent, 
Amsterdam, 1603; Megiser, Beschreibung der Mechtigen und Weit- 
berhiimbten Insul Madagascar, with dictionary and dialogues, Al- 
tenburg, 1609; Arthus, Colloquia Latino-Maleyica et Madagascarica, 
Frankfort, 1618; Challand, Vocabulaire frangais-malgache et mal- 
gache frangais, Tle de France, 1773; Froberville, Dictionaire fran- 
gais-madecasse, 3 vols., Tle de France, 1809; Dumont D’Urville, 
Voyage de la Corvette l Astrolabe, volume on “ Philologie,” Paris, 
1833; Freeman and Johns, Dictionary of the Malagasy Language 
(Eng.-Mal. and Mal.-Eng.), Antananarivo, 1885; Dalmond, Vocabu- 
laire eb Grammaire pour les langues Malgaches, Sdkalava et Bétsimi- 
sda, Bourbon, 1842; R. C. Missionaries’ Dictionnaire Prangais- 
Malgache, Réunion, 1858, and Dictionnaire Malgache-Frangais, Ré- 
union, 1855; Van der Tuuk, ‘Outlines of a Grammar of the 
Malagasy Language,” Jour. Roy. Asiat. Soc., 1860; Ailloud, Gram- 
maitre Malgache-Hova, Antananarivo, 1872; W. E. Cousins, Concise 
Introduction to the Study of the Malagusy Language as spoken in 
Imérina, Antan., 1873; Sewell, Diksionary Eng. sy Mal., Antan., 
1875; Marre de Marin, Grammaire Malgache, Paris, 1876; Id., Essa¢ 
sur le Malgache, ow Etude comparée des langues Javanaise, Malgache, 
et Maluyse, Paris, 1876; Id., Le Jardin des Racines Océaniennes, 
Paris, 1876; Dahle, Specimens of Malagasy Folk-lore, Antan., 1877; 
and W. E. Cousins, ‘‘The Malagasy Language,” in Trans, Phil, 
Soc., 1878. Besides these there are several valuable papers by 
Dahle in the yearly numbers of The Antandnarivo Annual (ante) 
and a number of short vocabularies of coast and other dialects of 
Malagasy in the notes of various exploratory journeys published 
at Antananarivo, noticed below. 

Scientific: General and Exploratory.—Vinson, Voyage a Madagas- 
car, Paris, 1865; Coignet, ‘Excursion sur la Céte Nord-est de I’fle 
de Madagascar,” Bull. Soc. Géog., Sept. et Oct., 1867; Grandidier, 
“Madagascar,” Bull. Soc. Géog., August, 1871; Id., “ Excursion 
chez les Antanosses émigrés,” Bull. Soc. rig Feb., 1872; Id. 
“Madagascar,” Bull. Soe. Géog., April, 1872; llens, “ Central 
Provinces of Madagascar,” Proc. Roy. Geog. Soc., January, 1875; 
Sibree, Southeast Madagascar, Antan., 1876; Houlder, Northeast 
Madagascar, Antan., 1877; Richardson, Lights and Shadows (South- 
west Madagascar), Antan., 1877; chap. xi., vol. i., of Wallace’s 
Geographical Distribution of Animals, London, 1876; Sibree, “ Ob- 
servations on the Physical Geography and Geology of Madagas- 
car,” Natwre, August 14, 1879; Id., ‘‘ History of our Coole 
Knowledge of Madagascar,” Proc. Roy. Geog. Soc., October, 1879 ; 
chap. xix. in Wallace’s Island Life, London, 1880; Cowan, The 
Bara Land, Antan., 1881; Id., ‘‘ Explorations in South Madagas- 
ear,” Proce. Roy. Geog. Soc., Sept., 1882. The best general map of 
Madagascar is that published by Rey. Dr. Mullens in 1879, which 
is to a large scale (12!4 miles to the inch), and includes almost 
every journey made up to that date, but is somewhat deficient as 
regards the delineation of the physical geography. 

Zoology.—Klug, “ Insekten yon Madagaskar,” in Kon. Ak. der Wis- 
senschaflen, Berlin, 1832; Boisduval, Fawne Entomologique de Mada- 
gascar, etc., Paris, 1883; Owen, Monograph on the Aye-aye, London 
1563; Vinson, Araneides des Iles Réunion, Madagascar, ete., Paris, 
1863; Bates, ‘Natural History of Madagascar,” Proc. Zool. Soc., 
1863; Sclater, ‘‘ Mammals of Madagascar,” Quart. Jowr. Sci.. April, 
1864; Pollen and Van Dam, Recherches sur la Faune de Madagascar 
et ses Dépendances, 5 vols., Leyden, 1867 sq.; Hartlaub, Die Vogel 
Madagascars und der benachbarten Inselgruppen, Halle, 1877; ‘‘ Re- 
liquie Rutenbergianze—Zoologie,” in the Bremen Natwrwissen 
schaftliche Verein, April, 1881; also very numerous articles on Mada 
gascar animals, birds, ete., in Proc. Zool. Soc., 1863-81, and in Ann 
and Mag. of Nat, Hist., 1863-81. 

Botany.—Du Petit Thouars, Histoire des Végétaux recueillés su 
les isles de Madagascar, Paris, 1804; “ Flore Madagasca 
riensis fragmenta,” in Annales des Sciences Naturelles, 4 ser., vols 
vi,, viii., ix.; Davidson, ‘‘ Account, Historical and Physiological 
of the Madagascar Poison Ordeal” (Tunghinia Veneniflua), Jour. 
of Anat. and Phys., vol. viii.; articles on ferns and flowering 
plants, in Linn. Soc. Jour.—Bot., for 1864, 1876, 1877, 1880; “ Reliquie 
Rutenbergiane,”’ in the Bremen Natuwrwissenschaftiiche Verein, No- 
vember, 1880; Baker on “The Plants of Madagascar,” Nature, 
December 9, 1880, and on “ Botany of Madagascar,” Proc. of Brit. 
Assoc., 1881. 

Anthropology.—Oliver, ‘The Hoyas ,and other Characteristic 
Tribes of Madagascar,’ Jour. Anthrop. Inst., 1868; Wake, “The 
Race elements of the Madecasses,” Jbid., 1869; Mulens, “On the 
Origin and Progress of the People of Madagascar,” Ibid., 1875; 
Wake, “ Notes on the Origin of the Malagasy,” Ibid., 1881; Sibree, 
“Malagasy Folk-Lore and Popular Superstitions,” Molk-Lore Soc. 
Record, 1880; Id., The Oratory, Songs, Legends, and Folk-Tales of the 
Malagasy, 1882. 

Religious History.—Freeman and Johns, Narrative of the Persecu- 
tions of the Christians in Madagascar, London, 1840; Prout, Mada- 
gascar, its Missions and its Martyrs, London, 1863; Ellis, Madagas- 
car Revisited, London, 1867; Id., The Martyr Church, London, 1869 ; 
“Religion in Madagascar,” Ch. Quart. Rev., July, 1878; and Zen 
Years’ Review of Mission Work in Connection with the London Mis- 
sionary Society, 1870-80, Antan., 1880), (J.8., JR.) 


MADDALONT, a city of Italy in the province of 
Caserta (Terra di Lavoro), about 34 miles southeast of 
Caserta, with a station both on the railway from 
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Caserta to Benevento and on that from Caserta to Avel- 
lino. It is prettily situated at the base of one of the 
Tiffata hills, the towers of its medizeyval castle and the 
church of San Michele crowning the heights above. 
The fine old palace of the Caraffas, once dukes of 
Maddaloni, the old college now named after Giordano 
Bruno, and the institute for the sons of soldiers (dating 
from 1859, and accommodating 500 pupils) are the 
chief points of interest. In 1871 the population was 
18,767. About 23 miles to the east, at Valle di Mad- 
daloni, the Caroline aqueduct (so called after Charles 
IV. of Naples), conveying the water of the Tiburno 
‘to Caserta (a distance of 19 miles), is carried across 
the valley between Monte Longano and Monte Gar- 
pa by a threefold series of noble arches rising to a 

eight of 178 feet. The work was designed by Lodo- 
= Vanvitelli, and constructed between 1753 and 

759. 

Maddaloni (in medisyal documents Matalonwn, Madalo- 
num, and Magdalonwm) lies on the Appian Way, and is 
doubtfully identified with Sessuela. Its castle and walls 
are probably of Lombard origin. The first count of Mad- 
daloni was invested with the fief in 1465, the first duke in 
1558. In 1860 General Bixio’s volunteers beat the royal 
Neapolitan forces at Maddaloni. See A. de Reumont, The 
Carafas of Maddaloni, Bohn’s series, 1854, 


MADDEN, Sir Frepertc (1801-1873), one of the 
first’ paleeographers and antiquaries of his time, and 
for nearly forty years assistant keeper and keeper of 
manuscripts at the British Museum, was born at Ports- 
mouth on February 16, 1801, the son of an officer of 
Irish extraction. - rom his earliest years he displayed 
a strong bent to linguistic and antiquarian studies. In 
1825 he was engaged in collating the text of Czedmon 
for the university of Oxford, and assisting Dr. Bliss in 
editing Blore’s Monumental Remains ; in the following 
year he joined Mr. Roscoe in preparing a catalogue of 
the earl of Leicester's MSS. at Holkham, which was 
completed in eight volumes folio, but remains unpub- 
lished. In the same year he was engaged by the Brit- 
ish Museum to assist in the preparation of the classed 
catalogue of printed books at that time contemplated, 
and in 1828 he became assistant keeper of manuscripts. 
In 1833 he was knighted, and in 1837 succeeded the 
Rey. Josiah Forshall as keeper of manuscripts, which 
office he continued to hold until his retirement in 1866. 
Notwithstanding his indefatigable attention to his offi- 
cial duties, he found time for a great amount of ex- 
ceedingly valuable literary work. Between 1828 ‘and 
1888 he edited for the Roxburghe Club the old English 
romances of Havelok the Dane (discovered by himself 
among the Laudian MSS. in the Bodleian) and William 
and the Werwolf, and the old English versions of the 
Gesta Romanorum. In 1839 he edited the ancient 
metrical romances of Syr Gawayne for the Bannatyne 
Club, and in 1847 Layamon’s Brut, with a prose trans- 
lation, for the Society of Antiquaries. In 1850 the 
magnificent edition of Wickliffe’s translations of the 
Scriptures from the original MSS., upon which he and 
his coadjutor, Mr. Forshall, had been engaged for 
twenty years, was published by the university of Ox- 
ford. In 1866-69 he edited the Historia Minor of 
Matthew Paris for the Rolls series. In 1833 he pre- 
pared the literary part of Mr. Shaw’s work on Z//wmi- 
nated Ornaments ; and in 1850 he edited the English 
translation of Silvestre’s Universal Paleography. He 
had projected a history of chess in the Middle Ages; 
ill-health, however, and other causes, prevented the 

completion of the work. He died on March 8, 1873, 

bequeathing his journals and other private papers to 
the Bodleian Library, where they are to remain un- 
opened until 1920. 

Sir Frederic Madden’s attainments were great, and his 
services to literature highly distinguished. He was per- 
haps the first paleographer of his day, and as keeper of 
manuscripts was most zealous and industrious, imposing a 
large amount of manual as well as intellectual labor upon 
himself, and continually, although too often unsuccessfully, 
exerting himself to enrich the collections committed to his 
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care. He was anacuteas well as a laborious antiquary, but 
rather qualified for critical than for original research, and 
his unacquaintance with German prevented his ranking 
high as a philologer, although he paid much attention to 
the early dialectical forms of French and English. His 
judgment was shown in the substantial value of the works 
edited by him. Wickliffe’s Bible is the first English ver- 
sion; Layamon’s Brut, a semi-Saxon paraphrase of the 
Norman Brut of Robert Wace, unites two ages of English 
poetry, is an inestimable monument of the language at the 
period of its composition, and possesses no small poetical 
merit; while Havelok is hardly less important in a philo- 
logical and a metrical point of view. The first volume of 
his edition of Matthew Paris contains a valuable critical 
introduction, and the third a biography of the historian, 
with an estimate of his place in literature. Sir Frederic’s 
minor contributions to antiquarian research were exceed- 
ingly numerous: the best known, perhaps, is his disserta- 
tion on the orthography of Shakespeare’s name, which, 
mainly on the strength of the Florio autograph, he con- 
tends should be ‘“Shakspere.” This mode of spelling has 
been adopted by the New Shakspere Society. It isnot gen- 
erally known that Sir Frederic was the first to discover the 
“Perkins” forgeries in the duke of Devonshire folio Shake- 
speare, although private considerations induced him to 
leave the further elucidation of the matter to others. He 
also promptly detected the fabrications of the Greek Si- 
monides, which had imposed upon some of the first scholars 
in Germany. 


MADDER, or Dyrr’s Mapper, is the root of Ru- 
bia tinctorum, I, and perhaps of RR. peregrina, L., 
as well, both being European; but /. cordifolia, L., 
and perhaps Mungista, Roxb., a native of the moun- 
tains of Nepal, Bengal, Japan, ete., supply the Indian 
madder or manjit (see Pickering, Chron. Hist. of P1., 
421; Drury, Useful Plants of India, 541), Rubia is 
a genus of about thirty species of the tribe Galiew of 
the order Rubiacecr, and much resembles the familiar 
Galiums, e.g., the lady’s bedstraw and cleaver of Hng- 
lish hedges, having similarly whorled leaves, but the 
parts of the flowers are in fives and not fours, while 
the fruit is somewhat fleshy. The sole British species 
is Rubia peregrina, L. The use of Madder appears 
to have been known from the earliest. times, as cloth 
dyed with it has been found on the Egyptian mum- 
mies. It was the épev#édavov used for dyeing the cloaks 
of the Libyan women in the days of Herodotus (Herod., 
iv. 189). It is the épvfpddavov of Dioscorides, who 
speaks of its cultivation in Caria (ili. 160), and of 
Hippocrates (De Morb. Mul., i.), and the Rubia of 
Pliny (xix. 17), (see Pickering, p. 275). Rubia tine- 
torum, L., a native of western Europe, ete., has been 
extensively cultivated in South Europe, France, where 
it is called garance, and Holland, and to a small extent 
in the United States. Large quantities have been im- 
ported into England from Smyrna, Trieste, Leghorn, 
ete. The cultivation, however, is decreasing since ali- 
zarin, the red coloring principle of madder, has been 
made artificially (see ALIZARIN). Madder was em- 
ployed medicinally by the ancients and in the Middle 
Ages. Gerard, in 1597, speaks of it as having been 
cultivated in many gardens in his day, and describes 
its supposed many virtues (/erball, p. 960); but the 
influence of madder over the system is now believed 
to be exceedingly slight. Its most remarkable physio- 
logical effect is that of coloring red’ the bones of ani- 
mals fed upon it, as also the claws and beaks of birds. 
This appears to be due to the chemical affinity of phos- 
phate of lime for the coloring matter (Pereira, Mat. 
Med., vol. ii. pt. ii. p. 52). Rubia chilensis, Mol., has 
been used for dyeing red from time immemorial (Pick- 
ering, p. 661). The chay-root, which furnishes a red 
dye in ae mandel and other parts of India, is obtained 
from Hedyotis umbellata, Lam., of the same family as 
madder (Drury, p. 366). 

MADREIRA. The Madeiras, a group of islands in 
the North Atlantic Ocean belonging to Por- pygie tr, 
tugal, consist of two inhabited islands named 
Madeira and Porto Santo, and three uninhabited rocks 
named collectively the Desertas. Funchal, the capital 
of Madeira, is on the south coast of the principal 
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island, in 82° 37’ 45’’ N. lat., 16° 55” 20’7 W. long. 
It is about 360 miles from the coast of Africa, 535 
miles from Lisbon, 1215 from Plymouth, 240 from 


Teneriffe, and 480 from Santa Maria, the nearest of 


the Azores. Funchal is connected by the Brazilian 
submarine telegraph, which belongs to a British com- 
pany, with Lisbon on the one hand, and on the other 
with Brazil. 

Madeira, the largest island of the group, hasalength 
of 30 geographical miles, an extreme breadth of 13 miles, 
and a coast-line of 80 or 90 miles. Its longer axis lies 
east and west, in which direction it is traversed by a 
mountain chain, the backbone of the island, having a 
mean altitude of 4000 feet, up to which many deep 
ravines penetrate from both coasts, rendering travel- 
ling by land from place to place a very tedious and 
fatiguing labor. Pico Ruivo, the highest summit, 
stands in the centre of the island, and has a height of 
6100 feet, but some of the adjacent summits are very 
little lower. The depth and narrowness of the ravines, 
the loftiness of the rugged peaks that tower above them, 
the bold precipices of the coast, and the proximity of 
the sea afford many scenes of picturesque beauty or 
striking grandeur which are continually changing jn 
character as the traveller advances on his way. ‘The 
greater part of the interior is uninhabited, for the 
towns, villages, and scattered huts lie either at the 
mouths of ravines or upon the lower slopes that extend 
from the mountains to the coast. The ridges between 
the ravines usually terminate in lofty headlands, one 
of which has the height of 1920 feet, and much of the 
coast is bound by precipices of dark basalt. The north 
coast, having been more exposed to the erosion of the 
sea, is on the whole more precipitous than the south 
coast, and presents everywhere a wilder aspect. On 
the south there is left very little of the indigenous for- 
est which once clothed the whole island and gave it the 
name it bears (Madeira, from materia, wood), but on 
the north some of the valleys still contain native trees 
of fine growth. A long, narrow, and comparatively 
low rocky promontory forms the eastern extremity of 
the island, and hereis to beseen a tract of calcareous 
sand, known as the Fossil Bed, containing land shells 
and numerous bodies resembling the roots of trees, 
probably produced by infiltration. Upon an islet off 
this promontory stands the only lighthouse of the 
group. It has a flashing light visible at the distance 
of 25 miles in clear weather. 

History.—It has been conjectured, but on insufficient 
evidence, that the Phoenicians discovered Madeira at 
a very early period. Pliny mentions certain Purple or 
Mauretanian Islands, the position of which with ref- 
erence to the Fortunate Islands or Canaries might seem 
to indicate the Madeiras. There is a romantic story, 
of doubtful truth, to the effect that two lovers, Robert 
Machim and Anna d’Arfet, fleeing from England to 
France in 1346, were driven out of their course by a 
violent storm, and cast on the coast of Madeira at the 
place subsequently named Machico, in memory of one 
of them. On the evidence of a portulano dated 1351, 
preserved at Florence, it would appear that Madeira 
had been discovered long previous to that date by 
Portuguese vessels under Genoese captains. In 1419 
two of the captains of Prince Henry of Portugal were 
driven by a storm to the island called by them Porto 
Santo, or Holy Port, in gratitude for their rescue from 
shipwreck. The next year an expedition was sent out 
to colonize the island, and, Madeira being descried, they 
made for it, and took possession on behalf of the Por- 
tuguese crown, The islands were then uninhabited. 
For the sixty years intervening between 1580 and 
1640, Madeira, with Portugal itself, was under Span- 
ish rule. In 1801 British troops occupied the island 
for a few months, commanded by General Beresford, 
and it was again under the British flag from 1807 to 
to 1814. Madeira is now a province and an integral 
part of the Portuguese kingdom, entitled to send dep- 
uties to the Cortes assembling at Lisbon. 
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Inhabitants.—The_ inhabitants are of Portuguese 
descent, with probably some intermixture of Moorish 
and Negro blood amongst the lower classes. The dress 
of the peasantry, without being picturesque, is pecu- 
liar. Both men and women in the outlying country 
districts wear the carapuga, a small cap made of blue 
cloth, in shape something like a funnel, with the pipe 
standing upwards. The men have trousers of linen, 
drawn tight, and terminating at the knees; a coarse 
shirt enveloping the upper part of their person, coy- 
ered by a short jacket, completes their attire, with the 
exception of a pair of rough yellow boots. The wom- 
en’s outer garments consist of a gaudily colored. gown, 
made from island material, with a small cape of coarse ° 
scarlet or blue woollen cloth. At the end of 1881 the 
inhabitants of Madeira numbered 131,906 persons, the 
females exceeding the males by 7060. The population 
increases, notwithstanding the emigration to Demerara 
and the Hawaiian Islands that occasionally takes place. 
There is strong reason for thinking that the islands are 
too densely peopled, considering the small proportion 
which cultivable ground bears to the whole, and the 
general want of capital. 

Government.—The administration of affairs is in the 
hands of a civil governor appointed by the crown, un- 
der whom is a military officer in command of the 
troops, which consist of a battalion of infantry, a de- 
tachment of artillery, and some militia. The law of 
Portugal is administered by four chief judges, each of 
whom has a separate division (comarca) of the island 
in his jurisdiction, within which he tries both civil and 
criminal cases with the assistance of a jury. Magis- 
trates elected by the people decide minor cases. For 
municipal purposes the island is divided into nine dis- 
tricts, called concelhos (Porto Santo forming a tenth), 
each of which has its popularly elected municipal cham- 
ber, whose duty it is to repair the roads, light and 
cleanse the towns and villages, ete. The chief police 
magistrate of each district is the administrador, who 
is appointed by the central Government. A bishop is 
at the head of the clergy, his cathedral being at Fun- 
chal. ‘There are forty-eight parishes, each with its 
church and resident priest. Roman Catholicism is the 
selec eae form of religion, but others are now toler- 
ated. 

Education.—By law all children of a certain age 
should be sent to school, but this regulation is not 
strictly enforced, and only a small fraction of the total 
number actually receive instruction. The chief educa- 
tional establishment is the Lyceo at Funchal, where 
there are seven professors paid by the Government. 
In 1881 the pupils at this establishment were two hun- 
dred and fifty in number. There is a seminary for 
young priests, anda number of public primary schools 
are scattered over the island. é 

Agriculture.—Until recently a considerable portion 
of the land was strictly entailed inthe families of the 
landlords (morgados), but entails have been abolished 
by the legislature, and the land is now absolutely free. 
Owing to the irremediable difficulties of the surface, 
the roads are bad, except in the neighborhood of the 
capital. A deficient supply of water is another great ob- 
stacle to the proper cultivation of the land, and the rocky 
nature or steep inclination of the upper parts of the 
islands is an effectual bar to all tillage. An incredible 
amount of labor has been expended upon the soil, 

artly in the erection of wal!s intended to prevent its 
bolas washed away by the rains, and to build up the 
plots of ground in the form of terraces, so as to lessen 
their slope. Water-courses, too, have been constructed 
for purposes of irrigation, without which at regular 
intervals the island would not produce a hundredth 
part of its present yield. These water-courses origi- 
nate high up in the ravines, are built of masonry or 
driven through the rock, and wind about for miles 
until they reach the cultivated land. Some of them 
are brought by tunnels from the north side of the 
island through the central crest of hill. The water 
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thus conveyed is carefully dealt out according to the 
rights of each occupier, who takes his turn at the run- 
ning stream for so many hours in the day or night at 
a time notified to him beforehand. In this climate, 
flowing water has a saleable value as well as land, for 
the latter is useless without a supply of the former. 
The agricultural implements employed are of the rudest 
kind, and the system of cultivation is extremely primi- 
tive. Very few of the occupiers are the owners of the 
land they cultivate; but they are almost invariably the 
owners of the walls, cottages, and trees standing 
_ thereon, the bare land alone belonging to the landlord. 
The tenant can sell his share of the property without 
the consent of the landlord, and if he does not so dis- 
pose of it that share passes to his heirs. In this way 
the tenant practically enjoys fixity of tenure, for the 
landlord is seldom in a position to pay the price at 
which the tenant’s share is valued. Money rents are 
rare, the métayer system regulating almost universally 
the relations between landlord and tenant; that is, 
the tenant pays to the owner a certain portion of the 
produce, usually one-half or one-third. The holdings 
are usually very small, rarely larger than one man can 
cultivate with a little occasional assistance. Meadows 
and pastures are seldom to be met with, the cattle 
being stall-fed when not feeding on the mountains. 
Horses are neyer employed for draught, all labor of 
that kind being done by oxen, of which there is an 
ample supply. 
he two staple productions of the soil are wine and 
sugar. The vine was introduced from Cyprus or Crete 
soon after the discovery of the island by the Portu- 
guese, but it was not actively cultivated until the early 
part of the 16th century. The vines, after having been 
totally destroyed by the oidium disease, which made 
its first appearance in the island in 1852, were re- 
lanted, and ina few years wine was again made. 
he disease is now kept in check by the application of 
sulphur, which has the effect of increasing the quan- 
tity of fruit, while it shortens the life of the plant. 
The phylloxera has also made its way to the island, 
and every vineyard in Madeira is more or less affected 
by it. The wine usually termed Madeira, and known 
in the trade as ‘‘ London particular,’’ is made from a 
mixture of black and white grapes, which are also 
made separately into wines called Tinta and Verdelho, 
after the names of the grapes. Other high-class wines, 
known as Bual, Sercial, and Malmsey, are made from 
varieties of grapes bearing the same names. The ex- 
ported Madeira is astrong-bodied wine of fine bouquet 
and excellent quality, but of late years it has gone out 
of fashion in Kngland, the lighter wines of France and 
Germany having to a certain extent supplanted it. 
Taking the four years 1878-1881, the average quantity 
annually exported was 3045 pipes, each of 92 imperial 
gallons. It is not usual for the merchant to possess 
vineyards of his own. ‘The vines are cultivated by the 
peasants in their small patches of land, and the gene- 
ral rule is for the merchant or wine manufacturer to 
buy the must from them, and to have it conveyed as 
it comes from the press direct to his store, where the 
process of fermentation and the subsequent treatment 
are carried on from first to last under his own eye. 
. The sugar-cane is said to have been brought from 
Sicily about 1452, and in course of time its produce 
became the sole staple of the island. The cultivation 
languished, however, as the more abundant produce 
_ of tropical countries came into the Huropean market, 
and sugar had long ceased to be made when the de- 
struction of the-vines compelled the peasants to turn 
their attention to other things. Its cultivation was 
resumed, and sugar machinery imported. In 1881 
about 6515 ewts. of sugar, valued at £14,452, were ex- 
ported. A considerable quantity of spirit is made by 
the distillation of the juice, or of the molasses left after 
extracting the sugar, and this is consumed on the 
island,—not an unmixed benefit to the people, for in- 
temperate habits have greatly increased since they 
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have been subjected to the temptation of cheap spirits. 
The cane does not flourish here as luxuriantly as within 
the tropics; still in localities below 1000 feet, where 
there is a good supply of water, it nays the cultivator 
well. 

The grain produced on the island (principally wheat, 
barley, and Indian corn) is not sufficient tor the con- 
sumption of the people. ‘The common potato, sweet- 
potato, and gourds of various kinds are extensively 
grown, as well as the Colocasia esculenta, the kalo of 
the Pacific islanders, the root of which yields an in- 
sipid food. Most of the common table vegetables of 
Kurope—cabbages, carrots, onions, beans, pease, ete.— 
are plentiful. Besides apples, pears, and peaches, ‘all 
of poor quality, oranges, lemons, guavas, mangos, 
loquats, custard-apples, figs, bananas, and pine-apples 
are produced, the last two forming articles of export 
to the London market. The date-palm is occasionally 
seen, but its fruit is scarcely edible. On the hills 
large quantities of the Spanish chestnut afford an item 
in the food of the common people. A little tobacco is 
grown, and is made up into cigars of inferior quality. 

Trade and commerce.—Excepting sugar and tobacco, 
the manufactures are insignificant. Coarse linen and 
woollen articles and boots and shoes are made for 
island use. A good deal of needlework embroidery is 
made by the women inand about Funchal for exporta- 
tion. Baskets, chairs, ete., of wicker work are also 
exported. According to official returns the total value 
of exports in 1881 was £134,000, whilst the imports 
from foreign countries amounted to £175,000 (includ- 
ing £128,500 from the United Kingdom), and the im- 
ports from Portugal and the Azores to £112,800. 
The principal imports were textile fabrics, hardware, 
grain, salt fish, salt, tea and coffee, tobacco, cask staves, 
timber, and petroleum (the last three articles coming 
from America). The duties levied at the custom- 
house amounted in the same year to about £41,000. 
In the cowrse of the year 710 merchant vessels entered 
the port, but more than half of these were Nnglish 
steamers calling on their passage to and from the west 
coast of Africa, the Cape of Good Hope, or Brazil. 
The number of Portuguese vessels was only 113. 

There is a local bank at Funchal, and also a branch 
of the Bank of Portugal. The English merchants act 
as bankers for visitors, and bills or checks can be nego- 
tiated through them. Accounts are made out in reis, 
an imaginary coin, 4500 of which are equal to the 
pound sterling, and 1000 form the ml-rec or dollar, 
equal to 4s. 54d. |The coins in circulation are of 
British gold and Portuguese silver, the latter in 
pieces of 50, 100, 200, and 500 reis, the coinage being 
decimal. The French decimal system has been estab- 
lished here as in Portugal. Madeira, as a province 
of Portugal, has the benefit of the regulations of the 
International Postal Union. Consuls from Great 
Britain and other Kuropean states, as well as from the 
United States and Brazil, reside at Funchal. Lines 
of steamers from Liverpool to the British colonies on 
the west coast of Africa, and from London and 
Plymouth to the Cape of Good Hope, touch at Ma- 
deira, both on their outward and homeward voyages. 
There is steam communication with Lisbon, and also 
with Brazil, the Cape Verds, the Canaries, and the 
Azores (St. Michael’s), as well as with Antwerp. A 
large coal depot for supplying the steamers has been 
established at Funchal by a firm of British mer- 
chants. 

Funchal, the capital of the archipelago, lies on the 
south coast of Madeira, and has a population of about 
18,000 persons, the immediate neighborhood being 
inhabited by nearly as many more. It is seen to great 
advantage from the bay, lying on its curving shore, 
and backed by an amphitheatre of lofty mountains, 
some of them 4000 feet in height. Numerous coun- 
try houses (qwintas) with terraced gardens, and sur- 
rounded by vineyards and patches of sugar cane, adorn 
the slopes and give an air of cheerfulness to the land- 
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scape. A small fort on an isolated rock close to the 
shore commands the bay with its cannoh, and there is 
a much larger fortress on an eminence behind the city. 
There are no facilities for landing either passengers or 
goods, nor is there any dock for vessels, which are 
obliged to remain in the open roadstead, where, how- 
ever, the anchorage is good. Vessels are protected 
from all winds except that from the south, which, 
when blowing with violence, occasionally drives those 
on shore that do not slip their cables in good time, and 
take to the open sea. The principal edifices in the 
city are the cathedral and the nines none of which 
deserve much notice, the governor’s residence, a semi- 
castellated building, and the substantial custom-house. 
The streets are for the most part narrow, but fairly 
clean, payed with small stones, without side-walks and 
lighted at might by petroleum lamps. There are two 
public walks planted with trees, and a garden of small 
extent, but rendered gay with flowering plants which 
would need protection in England. ‘here are also 
fountains of good water, a large hospital, a poor- 
house, and an unsightly, ill-managed jail. The late em- 
press of Brazil built a spacious and handsome hospital 
close to the town for the reception of twenty-four con- 
sumptive patients of Portuguese or Brazilian birth. 
The entrances of some of the larger houses are through 
great gates into a paved vestibule, from which a double 
flight of stairs ascends to the principal rooms. The 
shops are poor and without display. 
the Adora floor of the dwelling houses are filled with 
stout iron bars, which give a prison-like air to the 
streets. Three streams come down from the hills and 
run across the town at the bottom of deep channels, 
which in summer are dry, because the water is diverted 
higher up for irrigation purposes. Convenient mar- 
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ket places have been constructed for the sale of meat, | 


vegetables, and fish. Vegetables and fruit are abund- 
ant, but not of the first quality. Fish is plentiful 
and cheap when fishing is possible, and fresh fish forms 
with salted cod and herrings an important item in the 
food of the islanders. Butcher meat is fairly good, 
with the exception of the mutton, which is very in- 
ferior. 

The affairs of the city are managed by a municipal 
chamber of seven persons with a president. Their 
revenue is derived from imposts on grain and salt.im- 
ported, and from duties on fresh meat and fish sold in 
the open market, on wine exported, on houses, and on 
persons carrying on trade or business. It is expended 
principally on the lighting and repairing of the streets, 
and the maintenance of markets and public gardens. 

Wheel carriages are not in use; and all heavy arti- 
cles are transported either on the backs of mules or 
upon rude wooden sledges drawn by bullocks. When 
horses are not employed, locomotion is effected either 
by means of hammocks, or by bullock cars. The ham- 
mock is a piece of stout canvas gathered up and 
secured at each end to a long pole carried by a couple 
of bearers. In place of cabs, curtained cars on sledges, 
made to hold four persons, and drawn by a pair of 
bullocks, are employed. They are convenient enough, 
but the rate of progress is very slow. The common 
people carry heavy burdens on the head and shoulders. 
Such aids as wheelbarrows and trucks are entirely re- 
jected. 

A few daily and weekly newspapers are published 
at Funchal, but they are small sheets, and their cir- 
culation is very limited. In a room of the building 
occupied by the municipal chamber there is a collec- 
tion of books, numbering about 2800 volumes, accessi- 
ble to the public. The Portuguese have a club, which 
has a large house containing a ball room, card rooms, 
and a billiard room, but no library. 

The wine trade attracted several British merchants 
in the last century to take up their residence at Fun- 
chal, where, notwithstanding the decrease of that 
trade, there was in 1881 a resident British population 
of 208 persons. A church has been built where a 


MADEIRA. 


resident chaplain conducts the services of the English 
Kstablished Church, and the Presbyterians of the Tice 
Church of Scotland have also erected a place of wor- 
ship. he British community have formed a ceme- 
tery, which is kept in admirable order. The English 
Club, to which strangers can subscribe, has a library 
of 5000 volumes and a billiard table. 


Climate and Meteorology—The following results have 
been derived from observations made for a series of eight 
years at the Government observatory, Funchal, which has 
a height of 80 feet above the sea. The mean annual 
barometrical pressure was 30.14 inches. The mean annual 
temperature was 65.84° Fahr., the highest point during 
the eight years having been 90.3° Fahr. and the lowest 
46.22° Fahr. The two hottest months are August and 
September, when the mean temperature was 72.58° Fahr. 
The three coldest months are January, February, and 
March, their mean temperature being 60.6° Fahr. The 
mean temperature of the six months November to April 
was 61.8° Fahr. The mean temperature of winter (Decem- 
ber to February) was 61°; of spring (March to May) 62.64° ; 
of summer (June to August) 70.8°; of autumn (September 
to November) 68.9°. The mean number of days in the 
year on which rain fell was 803. The distribution of rain 
through the months from October to May varies a good 
deal, but the wettest months are usually November, De- 
cember, January, and March. Taking a series of twelve 
years’ observations, the mean annual rainfall was 304 
inches, the extremes being 16 and 49.15 inches. The mean 
daily range of the thermometer from 8 A.M, to 6 P.M. 
during the six months November to April is about 6.1° 
Fahr., but taking the twenty-four hours the mean daily 
range is about 10°. 

The remarkable mildness both in summer and winter of 
the climate of Madeira, though it lies only 10° north 
of the Tropic of Cancer, is owing to its being surrounded 
by a great ocean, from which the atmosphere obtains a 
large supply of watery vapor. The mean humidity of the 
air is about 75 (saturation—100). ‘The prevalent winds are 
those that blow from the north or from a few points east 
or west of north, but these winds are much mitigated on 
the south coast by the central range of mountains. The 
west wind usually brings rain. That from the east is a 
dry wind. A hot and dry wind, the leste of the natives, 
occasionally blows from the east-southeast, the direction 
of the Great Sahara, and causes the hill region to be hotter 
than below, but even on the coast the thermometer under 
its influence sometimes indicates 93°. As the thermometer 
has never been known to fall as low as 46° at Funchal, 
frost and snow are there wholly unknown, but snow falls 
on the mountains once or twice during the winter, very 
seldom, however, below the altitude of 2000 feet. 
Thunderstorms are rare, and scarcely ever violent. 

Madeira has long had a high reputation as a sanatory 
resort for persons suffering from diseases of the chest. 
“When we take into consideration,” said Sir James Clark 
in his work on Climate, “the mildness of the winter and 
the coolness of the summer, together with the remarkable 
equality of the temperature during the day and night, as 
well as throughout the year, we may safely conclude that 
the climate of Madeira is the finest in the northern hemi- 
sphere.” Notwithstanding the ever-increasing competition 
of other winter resorts, a considerable number of invalids, 
both English and German, continue to spend the winter at 
Funchal, where there are numerous well-conducted hotels 
and boarding-houses, as well as furnished houses, with 
gardens, for hire iit the neighborhood, and where English 
and German physicians practise their profession, The 
island possesses one great advantage over most other 
places frequented by invalids in affording cool and com- 
fortable summer quarters on the hills, so that they have 
no need to make a long journey for the purpose of escap- 
ing from the heat. 

Zoology.—No species of land mammal is indigenous to 
the Madeiras. Some of the early voyagers indeed speak 
of wild goats and swine, but these animals must have 
escaped from confinement. The rabbit, and those pests the 
black rat, brown rat, and mouse, have been introduced. 
The first comers encountered seals, and this amphibious 
mammal (Monachus albiventer) still lingers at the Desertas, 
but its early extinction is threatened, from the same cause 
that has brought about its extinction at the Canaries, the 
persistent attacks of man. . Amongst the thirty species of 
birds which breed in these islands are the kestrel, buzzard, 
and barn owl, the blackbird, redbreast, wagtail, goldfinch, 
ring sparrow, linnet, two swifts, three pigeons, the quail, 
red-legged partridge, woodcock, tern, herring gull, two 
petrels, and three puffins. Only one species is endemic 
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and that is a wren (Regulus madetrensis), but five other 
species are known elsewhere only at the Canaries. These 
are the green canary (Fringilla butyracea, the parent of the 
domesticated yellow variety), a chaflinch Fringilla tintillon), 
a swift (Cypselus unicolor), a wood pigeon (Columba trocaz), 
and a petrel (ZVhalassidroma bulwerit). There is also a local 
variety of the black cap, distinguishable from the common 
kind by the extension in the male of the cap to the 
shoulder. About seventy other species have been seen 
from time to time in Madeira, chiefly stragglers from the 
African coast, many of them coming with the leste wind. 

The only land reptile is a small lizard (Lacerta dugesii), 

which is abundant and is very destructive to the grape crop. 

. The logger-head turtle (Caowana caretta, Gray) is frequently 
captured, and is cooked for the table, but the soup is much 
inferior to that made from the green turtle of the West 
Indices. The only batrachian is a frog (Rana esculenta) 
which has been introduced and has made its way from 
ravine to ravine. 

About 250 species of marine fishes taken at Madeira 
have been scientifically determined, the largest families 
being Scombride with 35 species, the sharks with 24, the 
Sparide with 15, the rays with 14, the Labridw with 13, the 
Gadide with 12, the eels with 12, the Percidw with 11, and 
the Carangide with 10. Many kinds, such as the mackerel, 
horse mackerel, groper, mullet, braise, etc., are caught in 
abundance, and afford a cheap article of diet to the people. 
Several species of tunny are taken plentifully in spring 
and summer, one of them sometimes attaining the weight 
of 300 tb. The only freshwater fish is the common eel, 
which is found in one or two of the streams. (See lists and 
memoirs by R. T. Lowe and J. Y. Johnson, published by 
the Zoological Society of London.) 

According to the latest writer on the Jand mollusea of 
the Madeiras (T. V. Wollaston, Vestacea Atlantica, 1878), 
there have been found 158 species on the Jand, 6 inhabiting 
fresh water, and 7 littoral species, making a total of 171. 
A large majority of the land shells are considered to be 

. peculiar, but naturalists do not agree as to the distinctness 
of the so-called species. Many of the species are variable 
in form or color, and some have an extraordinary number 
of varieties. Of the land mollusca 91 species are assigned 
to the genus Helix, 31 to the genus Pupa, and 15 to the 
genus Achatina(or Lovea). About 43 species are found both 
living and fossil in superficial deposits of calcareous sand 
in Madeira or Porto Santo. These deposits were assigned 
by Lyell to the Newer Pliocene period. Some 12 or 13 
species have not been hitherto discovered alive. As to the 

marine testaceous mollusca it may be stated that between 

300 and 400 species have been collected, but they have 

been only partially examined, and a large number of 
forms await identification. Few of them are remarkable 
for size or color, and a considerable number are very small. 

More than 100 species of Polyzoa (Bryozoa) have been col- 

lected, and amongst them are some highly interesting 
forms. | 

The only order of insects which has been thoroughly 
examined is that of the Coleoptera. By the persevering 
researches of the late T. V. Wollaston the astonishing num- 
ber of 695 species of beetles has been brought to light at 
the Madeiras (Insecta Maderensia, Cut. of Madeiran Col., ete.). 


tants is mainly derived. 


The proportion of endemic kinds is very large, and it is | 


remarkable that 200 of them are either wingless or their 
_ wings are so poorly developed that they cannot fly, whilst 
23 of the endemie genera have all their species in this 
condition. This fact, Mr. Darwin thinks, may be mainly 
due to the action of natural selection combined with 
disuse, since those beetles which were much on the wing 
‘would ineur the risk of being blown out into the sea, 
whilst those with less-developed wings had the best chance 
of surviving. With regard to the Lepidoptera, 11 or 12 
species of butterflies have been seen, all of which belong 
to European genera. Some of the species are interesting 
as being geographical varieties of well-known types. Up- 
wards of 100 moths have been collected, the majority of 
them being of a European stamp, but probably a fourth of 
the total number are peculiar to the Madeiran group, 


Thirty-seven species of Newroplera have been observed in | 


Madeira, 12 of them being so far as is known peculiar. 


The bristle-footed worms of the coast have been studied | 
by Professor P. Langerhans, who has met with about 200 | 


species, of which a large number were new to science. 


There are no modern coral reefs af these islands, but 
several species of stony and flexible corals have been col- | 


lected, though none are of commercial value. There is, 
however, a white stony coral allied to the red coral of the 
Mediterranean which would be valuable as an article of 
trade if it could be obtained in sufficient quantity. Speci- 
mens of a rare and handsome red Paragorgia are to be seen 
in the British Museum and Liverpool Museum. 
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Botany.—The vegetation of these islands is strongly im- 
pressed with a South-European character. Many of the 
platns in the lower region have undoubtedly been intro- 
duced and naturalized since the Portuguese colonization. 
A large number of the remainder are found at the Canaries 
and the Azores, or in one of these groups, but nowhere 
else. Lastly, there are about a hundred plants which are 
peculiarly Madeiran, either as distinct species or as strong- 
ly marked varieties. The late Mr. Lowe undertook a de- 
scription of the vegetation in his Manual Flora of Madeira, 
but unfortunately this valuable work has been left un- 
finished. The flowerifig plants found truly wild belong to 
about 363 genera and 717 species,—the monocotyledons 
numbering 70 genera and 128 species, the dicotyledons 293 
genera and 589 species. The three largest orders are the 
Composite, Leguminose, and Graminacee. Forty-one species 
of ferns grow in Madeira, three of which are endemic 
species and six others belong to the peculiar flora of the 
North Atlantic islands. About 100 species of moss have 
been collected, and 47 species of Hepatice. A connection 
between the flora of Madeira and that of the West Indies 
and tropical America has been inferred by the presence 
in the former of six ferns found nowhere in Europe or 
North Africa, but existing on the islands of the east coast 
of America or on the Isthmus of Panama. A further 
relationship to that continent is to be traced by the 
presence in Madeira of the beautiful ericaceous tree Clethra 
arborea, belonging to a genus which is otherwise wholly 
American, and of a Persea, a tree laurel also an American 
genus. The dragon tree (Dracwena Draco), is almost extinct. 
Amongst the trees most worthy of note are four of the 
laurel order belonging to separate genera, an Ardisia, Pit- 
tosporwm, Sideroxylon, Notelea, Rhamnus, and Myrica,—a 
strange mixture of genera to be found on asmall Atlantic 
island. Two heaths of arborescent growth and a whortle- 
berry cover large tracts on the mountains. In some parts 
there is a belt of the Spanish chestnut about the height of 
1500 feet. There is no indigenous pine tree as at the 
Canaries; but large tracts on the hills have been planted 
with Pinus pinaster, from which the fuel of the inhabi- 
A European juniper (J. Oxyce- 
drus), growing to the height of 40 or 50 feet, was formerly 
abundant, but has been almost exterminated, as its scented 
wood is prized by the cabinet-maker. Indeed the flora has 
heen recklessly defaced by the unsparing hand of man. 
Several of the native trees and shrubs now grow only in 
situations which are nearly inaccessible, and some of the 
indigenous plants are of the greatest rarity. There are 
few remains of the noble forests that once clothed the 
island, and these are daily becoming less. On the other 
hand, some plants of foreign origin have spread in a re- 
markable manner, Amongst these is the common cactus 
or prickly pear (Opuntia Tuna), which in many spots on 
the coast is sufficiently abundant to give a character to the 
landscape. As to Alyx, the coast is too rocky and the sea 
too unquict for a luxuriant marine vegetation, consequent- 
ly the species are few and poor. 

Geology.—The hypothesis that the Madeiras during or 
since the middle part of the Tertiary epoch formed part 
of a large tract of land connecting the Canaries in the 
south and the Azores in the west with southwestern Hu- 
rope and northern Africa has been completely discredited 
by the discovery of the great depth of the surrounding 
ocean. The origin of its existing fauna and flora, both of 
which must have been very different if such aconnection 
had ever been a fact, is now attributed to the chance arrival 
from Europe or Africa atdistant intervals of the ancestors 
of the present species, the winds and waves, birds and insects 
having been the meansof transport. This immigration 
must have commenced at an early date if the aboriginal 
flora is partly traceable, as is asserted, to the Miocene 
flora of Europe, which has been found to contain genera 
now represented by species only living in the Atlantic 
islands and in America. 

In one of the northern ravines of Madeira some masses 
of hypersthenite are exposed to view, and these are be- 
lieved to belong to a diabase formation (better displayed in 
some of the Canary Islands than in Madeira) of much older 
date than the beds of basalt, tuff, ete., constituting the 
restof the island. It is therefore supposed that there existed 
at an ancient buf unknown epoch an island or the founda- 
tion of an island composed of diabase rocks, which, after 
being stthjected to denudation, were overlaid by the 
materials thrown out by volcanoes of Miocene or later 
times. 

All the islands of the group are of voleanie¢ origin, and 
recent soundings show that they are the summits of very 
lofty mountains which have their bases in an abyssal ocean, 
The greater part of what is now visible in Madeira is of 


_subaerial formation, consisting of an accumulation of basal: 
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tic and trachytie lavas, beds of tuff and other ejectamenta, 
the result of a long and complicated series of eruptions 
from innumerable vents. Besides this operation of build- 
‘ing up by the emission of matter from craters and clefts 
there is evidence that a certain amount of upheaval in 
mass has taken place, for at a spot about 1200 feet above 
the sea in the northern valley of St. Vicente, and again at 
about the same height on Pico Juliana in Porto Santo, 
there have been found fragments of limestone acconipa- 
nied by tuffs containing marine shells and echinoderms of 
the Miocene Tertiary epoch. We haye here proof that dur- 
ing or since that epoch portions a@ least of these islands 
have been bodily uplifted more than 1000 feet. The fos- 
sils are sufliciently well preserved to admit of their genera 
and, in many instances, even their species being made out. 

That there were pauses of considerable duration whilst 
the island of Madeira was being increased in height is 
proved by several facts. The leaf bed and the accompany- 
ing carbonaceous matter, frequently termed lignite, 
although it displays no trace of structure, which lie under 
1200 feet of lavas in the valley of St. Jorge, afford proof 
that there had been sufficient time for the growth of a 
vegetation of high order, many of the leaf impressions 
having been identified as belonging to species of trees and 
shrubs which still exist on the island. It is evident, more- 
over, that great alterations and dislocations had taken 
place in the rocks of various localities before other lavas 
and tuffs had been thrown upon them. 

There are no data for determining when voleanic action 
commenced in this locality, but looking at the enormous 
depth of the surrounding sea it is clear that a vast period 
of time must have elapsed to allow of a great mountain 
reaching the surface and then rising several thousand feet 
into the air. Again, considering the comparatively feeble 
agents for effecting the work of denudation (neither gla- 
ciers nor thick accumulations of alpine snow being found 
here), and then the enormous erosion that has actually 
taken place, the inference is inevitable that a very great 
lapse of time was required to excavate the deep and wide 
ravines that everywhere intersect the island. Nor is any- 


thing known as to the period of the cessation of volcanic | 


action. At the present day there are no live craters, or 
smoking crevices, as at the Canaries or Cape Verds, nor any 
hot-springs, as at the Azores. On the slopes which descend 
from the central ridge to the sea, especially in the neigh- 
borhood of Funchal, there are many hills with conical 
shapes of more or less regularity, which seem to have been 
formed at a comparatively modern epoch. Volcanie cin- 
ders and slag are lying upon several of them, which look 
as if they had been thrown out of a furnace yesterday. 
Yet round the base of others there may be traced streams 
of lava flowing from a higher source, and showing that, 
subsequent to the construction of these lateral cones, mod- 
ern as they look, molten matter issued from higher vents, 
which assumed, on cooling, the character of ordinary com- 
pact basalt. 

If we examine the general configuration of Madeira, we 
shall see a mountain chain, about 30 milesin length, running 
east and west, and throwing off lateral ridges, that give it 
an extreme breadth of about twelve miles. Peaks rise 
about the middle to a height of more than 6000 feet ; and 
deep ravines, lying between the lateral ridges, strike for 
the most part north and south from the central ridge to 
the sea. In the sections afforded by the ravines, the nu- 
cleus of the island is seen to consist of a confused mass of 
more or less stratified rock, upon which rest beds of tuff, 
scoriz, and java, in the shape of basalt, trap, and trachyte, 
the whole traversed by dykes. These beds are thinnest 
near the central axis; as they approach the coast they be- 
come thicker and less intersected by dykes. At the centre 
of the island there are several summits of nearly the same 
altitude, and these are in some places connected by narrow 
walls and ridges, which are frequently quite impassable, 
whilst at others they are separated by ravines of great 
depth. On all sides are seen vertical dykes, projecting 
like turrets above the weathered surface of the softer 
beds. 

In various parts of the island may be seen elevated tracts 
of comparatively level ground. These are supposed to have 
been formed by the meeting of numerous streams of lava 
flowing from cones and points of eruption in close prox- 
imity, various ejectamenta assisting at the same time to 
fill up the inequalities. Deep down in some of tlre lateral 
ravines may be seen ancient cones of eruption which have 
been overwhelmed by streams of melted matter issuing 
from the central region, and afterwards exposed to view by 
the same causes that excavated the ravines. These ravines 
may be regarded as having been formed at first by subter- 
ranean movements, both gradual and violent, which dislo- 
cated the rocks, and cut clefts through which streams 
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flowed to the sea. In course of time the waters, periodically 
swollen by melted snows and the copious rains of winter, 
would cut deeper and deeper into the heart of the moun- 
tains, and would undermine the lateral cliffs, until the 
valleys became as large as we now find them. Eyen the 
Curral, which, from its rounded shape and its position in 
the centre of the island, has been usually deemed the ruins 
of a crater, is thought to be nothing more than a valley 
scooped out in the way described. The rarity of crateri- 
form cavities in Madeira is very remarkable. There exists, 
however, to the east of Funchal, on a tract 2000 feet high, 
the Lagoa, a small but perfect crater, 500 feet in diameter, 
and with a depth of 150 feet; and there is another, which 
is a double one, in the district known as Fanal, in the 
northwest of Madeira, nearly 5000 feet above the sea. The 
basalt of which much of the outer part of the island is 
composed is of a dark color and a tough texture, with small 
disseminated crystals of olivine and augite. It is some- 
times full of vesicular cavities, formed by the expansion 
of imprisoned gases. A rudely columnar structure is very 
often seen in the basalt, but there is nothing so perfect as 
the columns of Stafla or the Giant’s Causeway. The 
trachytic rocks are small in quantity compared with those 
of the basaltic class. The tufa is soft and friable, and gene- 
rally of a yellow color; but where it has been overflowed 
by a hot stream of lava it has assumed a red color. Black 
ashes and fragments of pumice are sometimes found in the 
tufaceous strata. 

The mineral contents of the rocks of Madeira are unim- 
portant. There are no metallic ores, nor has any sulphur 
been found; but a little iron pyrites and specular iron 
are occasionally met with. The basalt yields an excellent 
building-stone, various qualities of which are quarried 
near Cama dos Lobos, 5 or 6 miles west of Funchal. 

At Porto Santo the trachytie rocks bear a much greater 
proportion to.the basaltic than in Madeira, An adjacent 
islet is formed of tuffs and calcareous rock, indicating a 
submarine origin, upon which supramarine lavas have been 
poured. The older series contains corals and shells (also 
of the Miocene Tertiary epoch), with water-worn pebbles, 
cemented together by carbonate of lime, the whole appear- 
ing to have been a coral reef near an ancient beach, The 
calcareous rock is taken in large quantities to Funchal, to 
be burnt into lime for building purposes. 

Porto SANro.—This forms a single concelho and parish, 
about 25 geographical miles northeast of Madeira, It has 
a length of 64 geographical miles and a width of 3. A 
stationary population of about 1750 persons inhabits 435 
houses, chiefly collected at one spot known as the Villa, 
where a lieutenant-governor resides. The island is very 
unproductive, water being scarce and wood wholly absent. 
Around the little town there is a considerable tract of: 
pretty level ground covered by calcareous sand containing 
fossil land shells. At each end of the island there are 
hills, of which Pico do Facho, the highest, reaches the 
altitude of 1600 feet. Barley, but little else, is grown here, 
the limited requirements of the inhabitants being supplied 
from Funchal by means of sinall sailing vessels. 

Tue Drsertras.—These are three uninhabited rocks 
lying about 11 miles southeast of Madeira. They are not 
easily accessible, as they present lofty preeipices to the sea 
on all sides. Rabbits and goats abound on them, The 
archil weed grows on the rocks, and is gathered for expor- : 
tation. The largest islet is 65 miles long, and attains the 
height of 2000 feet. These rocks are conspicuous objects in 
the sea-views from Funchal. (J. ¥. J.) 
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MADISON, a city of the United States, the county 
seat of Jefferson county, Indiana, is situated on the 
north bank of the Ohio, 90 miles below Cincinnati, 
and 44 above Louisville, with which it has daily steam- 
boat Communication. As the terminus of one of the 
divisions of the Jeffersonville, Madison, and Indian- 
apolis Railroad, Madison commands extensive means 
of traffic; and its provision trade especially has at- 
tained important dimensions. Pork-packing: is also 
carried on, and brass and iron foundries, tanneries, 
and flour-mills appear among the industrial establish- 
ments. The population was 8012 im 1850, 8130 in 
1860, 10,709 in 1870, and 8945 in 1880. 

MADISON , a city of the United States, the el 
of Wisconsin, and seat of justice of Dane county, lies 
towards the south of the State, in 43° 4” N, lat. and 
89° 21’ W. long., 75 miles west of Milwaukee. In the 
beauty of its situation it has few rivals, occupying as 
it does the undulating isthmus between Mendota and 
Menona, two of the lakes which give name to the 
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Four-Lake Region, connected with the Mississippi by 

ahava or Catfish river and Rock river; and the cool 
summer climate, which it owes to the fact that it 
stands 788 feet above the level of the sea, and 210 feet 
above Lake Michigan, renders it a health resort of 
some value, especially for consumptive patients. The 
State capitol, situated in the midst of a finely wooded 
park of 18 acres, is a rather imposing but hybrid edifice 
of white limestone crowned by a central dome rising 
200 feet above the level of the basement; it was origi- 
nally built in room of an earlier capitol in 1860, at a 
cost of $400,000, and has since been greatly enlarged. 
About a mile to the west of the capitol stand, on the 
high grounds known as College hill, the buildings of 
the Dicansin university, an institution dating from 
1850, and attended by about eight hundred students. 
Other buildings of note are the United States post- 
office and court-house, the soldiers’ orphans’ home, 
and at some distance from the city the State lunatic 
asylum. ‘The Wisconsin Historical Society has a 
library of 58,000 volumes. Various lines belonging to 
the Chicago and North-Western Railway and to the 
Chicago, Milwaukee, and St. Paul Railway meet at 
Madison; and the city has not only a good general 
trade, but manufactures ploughs and other agricul- 
tural implements, wagons, woollen goods, and flour. 
The population, which was only 1525 in 1850, appears 
in the three later censuses as 6611, 9176, and 10,324. 
When the site was selected (1836) for the capital of 
the territory of Wisconsin it was altogether unoccu- 
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MADISON,. James (1751-1836), fourth president 
of the United States, was born in King George county, 
Virginia, on the 16th of March, 1751, during a tem- 
porary visit of his mother to her relatives. His father 
was the owner of large landed estates in Orange coun- 
ty, Virginia, and was a man of distinction in the county. 

n 1769 Madison entered Princeton College in New 
Jersey, and graduated as B.A. in 1771; but he re- 
mained another year at Princeton studying under the 
direction of President Witherspoon. His close appli- 
cation to study had seriously impaired his health, 
which continued delicate for many years. Returning 
to Virginia in 1772, he pursued his reading and stud- 
ies, however, with the same zeal as before, the subjects 
chosen being particularly those of philosophy, theology, 
and law. 

Madison had as yet taken no active part in the ex- 
citing politics of the time. In 1775, however, he was 
chairman of the committee of public safety for Orange 
county, and in the spring of 1776 he was chosen a dele- 
gate to the new Virginia convention, which formed a 
constitution for the State. Failing to be re-elected in 
1777, he was chosen in that year a member of the 
council of State, in which he took a prominent part 
until the end of 1779, at which time he was elected a 
delegate to the Continental Congress, later the Congress 

of the Confederation. It was in this assembly that 
Madison first displayed those powers which ultimately 
. made him the founder of the constitution of the United 
States. He was in Congress during the final stages of 
the revolutionary war, and one year after the establish- 
ment of peace, at a time when the confederation was 
in a chronic state of collapse, occasioned by the neglect 
or the refusal of the States to respond to the requisi- 
tions of Congress for supplies for the federal treasury, 
Madison was among the first to advocate the granting 
of additional powers to Congress. In 1781 he favored 
- the amendment of the articles of confederation, giving 
to Congress the power to enforce its requisitions; and 
in 1783 he zealously advocated the proposed plan by 
which the States should grant to Congress for a period 
of twenty-five years the authority to levy an impost 
' duty. Accompanying the plan was an address to the 
States drawn up by Madison. This address is one of 
the ablest of his state papers, and with others of this 
period placed him in the front rank of American states- 
men. 
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In November, 1783, the constitutional limit of his 
term as deputy having expired, Madison returned to 
Virginia, and the next year he again took a seat in the 
legislature of that State. As chairman of the judiciary 
committee he was particularly instrumental in revising 
the statute laws of the State. He opposed the further 
issue of paper money by the State, and tried to induce 
the legislature to repeal the law confiscating British 
debts. 

As amember of the legislature of Virginia, Madison 
not did lose sight of the interests of the confederacy. He 
looked beyond mere local interests, believing that the 
highest good of the State would best be advanced 
througha respected central Government. Virginia and 
Maryland possessing a common jurisdiction over the 
waters of the Potomac river and the Chesapeake Bay, 
it became necessary to come to some agreement between 
them as to the commerce and navigation upon those 
waters. On Madison’s proposal, commissioners of the 
two States met at Mount Vernon in March, 1785. 
Maryland having proposed to invite the States of 
Pennsylvania and Delaware to join in the arrangement, 
Madison saw an opportunity for a more extended and 
general concert in regard to commerce and trade, and 
proposed that all the States should be invited to send 
commissioners to take into consideration the trade of 
the United States. This resolution was adopted by 
the legislature of Virginia; and thus was inaugurated 
the movement which led to the meeting at Annapolis 
in 1786, and later to the convention at Philadelphia in 
1787. The palpable defects in the government of the 
confederation had led Madison to make an extended 
study of confederacies, ancient and modern. Among 
his papers was found one bearing the title Note son 
Confederacies, but he gave the results of these re- 
searches more at length in Nos. 17, 18, and 19 of The 
Federalist. His conclusion was that no confederacy 
could be long successful which acted upon States only, 
and not directly upon individuals. 

As the time for the meeting of the convention ap- 
proached, he drew up an outline of anew system of 
government to take the place of the articles of con- 
federation. 


As expressed in a letter to General Washington of the 
16th of April, 1787, it was in substance that the individual 
sovereignty of the States is totally irreconcilable with the 
aggregate sovereignty, and that a consolidation of the 
whole into one simple republie would be as inexpedient as 
it was unattainable. He sought, therefore, some middle 
ground, which might at once support a due supremacy of 
the national authority and not exclude the local authorities 
whenever they might be subordinately useful. He pro- 
posed, to this end, to change the basis of representation in 
Congress from States to the population. 

The national government should have authority in all 
cases requiring uniformity. In addition to this positive 
power, the national government should have a negative on 
all State laws ‘‘as heretofore exercised by the kingly prero- 
gative.’ ’This negative, he thought, would be best vested in 
the senate, which should be a comparatively permanent 
body. 

The national supremacy should extend to the judiciary 
department and to the militia. The legislature should be 
composed of two branches—one, the more numerous, 
elected for a short term, the other, few in number, for a 
longer term. A national executiveshould be provided for, 
and the States should be guaranteed against both internal 
and external dangers. The right of coercion should be ex- 
pressly declared. “ But the difficulty and awkwardness of op- 
erating by force on the collective willof a State rendered it 
desirable that the necessity of it should be precluded.” He 
thought the negative on State laws might answer the 
purpose. This was a weak point in Madison’s theory of 
government. He thought, with Jefferson, that there could 
be found some means of governing without resorting to 
force. Lastly, “to give the new system its proper validity 
and energy, a ratification must be obtained from the people, 
and not merely from the legislatures.” 


These ideas, somewhat modified and extended in de- 
tails, formed the Virginia plan of government, pre- 
; sented in the convention by Edmund Randolph; and 
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this plan, again, became the basis of the extended de- 
liberations in the convention which resulted in the 
constitution adopted in that. body on the 17th of 
September, 1787. In the convention, as a delegate 
from Virginia, Madison took a leading part in the de- 
bates, of which he kept notes which were afterwards 
published by order of Congress. It was his influence 
which largely shaped the form of the final draft of the 
constitution. But the labor was not finished with this 
draft; the constitution was yet to be accepted by the 
people ; that it was accepted was due in an eminent 
degree to Madison. In order to place the new con- 
stitution before the people in its true light, and to 
meet the objections brought against it, he joined 
Hamilton and Jay in the publication of a series of 
essays, which were published in a collected form in 
1788 under the name of The Federalist, and which are 
still worthy of careful study. 

In the Virginia convention for ratifying the consti- 
tution he was again called upon to defend that instru- 
ment, and against such staunch patriots as Patrick 
Henry and George Mason. Madison here appeared at 
his best. He answered every objection in detail, 
calmly, yet with an eloquence and zeal that carried 
conviction to his audience. The result was a victory 
against an adverse public opinion, as well as against 
the eloquence of his opponents. 

Although he remained in the public service for 
nearly twenty-five years longer, his greatest work was 
finished with the adoption of the constitution. He 
had gained the well-earned title of ‘‘father of the 
constitution.’? The part he had taken, however, 
alienated from him the support of a majority of the 
people of his State. He was defeated as a candidate for 
the United States senate, though he was chosen in his 
own district as representative to Congress. ‘Taking his 
seat in the lower house in April, 1789, he assumed a 
leading part in the legislation necessary to the organiza- 
tion of the new government. ‘T’o Hamilton’s measures, 
however, for the funding of the debt, the assumption 
of the State debts, and the establishment of a national 
bank, he was opposed. On other questions, too, he 
sided with the Anti-Federalists, and gradually assumed 
the leadership of the opposition in the House of 
Representatives. 

One would have expected to find him advocating 
with Washington, Hamilton, Marshall, Jay, 
others those measures which would strengthen still 
more the federal government. On the contrary, we 
find him laboring to confine the powers of the national 
government within the narrowest possible limits. 

Much has been said in regard to Madison’s change 
of principles at this time. It has been intimated that 
he was iniluenced, perhaps unconsciously, by the decided 
attitude of his State, but especially by the dominating 
mind of his most intimate friend, Jefferson. Probably 
there is something of truth in this charge, yet it must 
be said that Madison had shown on many previous 
occasions an aversion to a liberal construction of 
granted powers. ‘Timid by nature, he was frightened 
at the bold and comprehensive measures of the secre- 
tary of the treasury. He thought he saw in them a 
constructive latitude of interpretation and a centraliza- 
tion of interests dangerous to republican principles. 

Madison opposed also the foreign policy of the ad- 
ministration in 1793-96, in its attempts to maintain a 
neutral position between Great Britain and France, 
then at war with each other. And under the signature 
of ‘‘ Helvidius’’ he published in the public journals five 
papers of great power and acuteness, criticising the 
‘“monarchical prerogative of the executive’’ as exercised 
in the proclamation of neutrality of 1793, and the right 
of the recognition by the president of foreign states. 
So far as the question of international law was con- 
cerned, Madison was essentially right, but in regard to 
the authority of the executive, and the question of the 
expediency of Washington’s neutral policy, the subse- 
quent practice of the Government and the general 


and | 


MADISON. 


verdict of history condemn his view. In 1794 Madison 
introduced in the House of Representatives resolutions 
based upon Jefferson’s report on commerce, advising 
retaliatory measures against Great Britain and a dis- 
crimination in commercial and navigation laws in fayor 
of France. Again, in 1796, he strenuously opposed 
the appropriation of money for the purpose of carrying 
into effect the treaty of 1794 with Great Britain. He 
scouted the idea as visionary that Great Britain would 
ro to war on a refusal to carry the treaty into effect. 
t was not conceivable, he thought, that she would 
‘‘make war upon a country which was the best market 
she had for her manufactures.’’ It had been a favorite 
theory with Madison, as with Jefferson, that foreign 
nations could be coerced through their commercial in- 
terests. The fallacy of this doctrine was well exempli- 
fied by its utter inefficiency when put in practice by 
them in 1807-12. 

In 1797 Madison withdrew to private life, though 
not to a life of inactivity. In 1798 he was induced by 
Jefferson to join in a movement in opposition to the 
Alien and Sedition Laws passed by the Federalists in 
that year, and was himself the author of the Virginia 
resolution, which declared— 


“That the constitution of the United States was a com- 
pact, to which the States were parties, granting limited 
powers of government; that in case of a deliberate, pal- 
pable, and dangerous exercise of other powers, not granted 
by the compact, the States had the right, and were in duty 
bound, to interpose for arresting the progress of the evils and 
for maintaining within their respective limits, the authori- 
ties, rights, and liberties pertaining to them; that the 
Alien and Sedition Laws were such infractions of the com- 
pact; .... and finally that the State of Virginia declared 
those laws unconstitutional and not law, but utterly null, 
void, and of no effect, and invited the other States to join 
her in this action.” 

These resolutions, with those of Kentucky drawn by 
Jefferson, met with decided objections from the other 
States. Upon these objections Madison made a report 
to the jeusictaie of Virginia, consisting of an elaborate 
and carefully considered argument sustaining in every 
point the resolutions of 1798. Thirty years later these 
arguments were freely made use of by Calhoun and his 
school of nullifiers as the basis of their doctrine. But 
Madison, in 1830, repudiated the idea that the resolu- 
tions of 1798 involved the principles of nullification. 
He wrote at that time many letters to public men and 
especially one to Edward Everett, in August, 1830, to 
prove this position. The nullifiers were not convinced, 
however, by this reasoning, and continued to use his 
arguments in favor of their doctrine, till it became a 
source of great annoyance to him. 

With the rise of the republican party to power in 
1801, Madison became secretary of state in Jefferson’s 
cabinet,—a position for which he was well fitted both 
by his temperagnent and his training, well versed as he 
was in constitutional and international law, and prac- 
tising a calmness and fairness in discussion which are 
essential qualities of the diplomatist. In defending 
the neutral rights of the United States against the en- 
croachments of European belligerents (1801-9), there 
was almost constant need of all those qualities. The 
most important of his papers during this period was 
An Examination of the British Doctrine which subjects 
to capture a neutral trade not open in time of peace, 
that is, the so-called ‘‘rule of the war of 1756,’’ as 
extended by Great Britain in 1793 and 1803. This 
treatise, published in 1806, was an argument against 
the British doctrine, drawn from a careful investigation 
of authorities on international law, and was a valuable 
contribution to the discussion of a question which, for 
various reasons, has now lost its importance. 

In 1809 Madison was elected president to succeed 
Jefferson, whose peace policy—a policy of commercial 
restrictions to coerce Great Britain and France—he 
continued to follow until, in 1812, he was forced by his 
party to change it for a policy of war. He had been, 
under the lead of Jefferson, a great lieutenant; he had 
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for the most part furnished the arguments in support 
of the lean policy since 1790; but he did not 
possess the qualities of a leader. His cabinet was in 
part forced upon him in 1809 by a senatorial clique, 
and his administration lacked vigor, particularly during 
the war of 1812-15. He had never been a partisan in 
politics, and was averse to foreng his views upon 
others, except in so far as he could do so by impartial 
arguments. In argument, he was not satisfied with 
generalities; his reasoning went to the foundation of 
principles—to the minutest details, sometimes almost 
ainfully so. His analysis of the arguments was power- 
‘ fal and searching. In this he resembled Hamilton ; 
but his conclusions were reached through a laborious 
process of induction, whilst those of Hamilton seemed 
more the result of intuition. Madison, moreover, 
lacked Hamilton’s boldness of conception and courage 
in assuming the responsibility of his theories. The 
difference between them was the difference between 
great talent and genius. 

Madison served two terms as president, and in 1817 
retired to Montpellier, his country seat in Virginia. For 
nearly twenty years thereafter he was engaged in ag- 
ricultural pursuits, but was ever interested in litera- 
ture and politics. ‘lo the time of his death he con- 
tinued to be consulted by statesmen as an oracle on all 
constitutional questions. 

In character he was mild and conciliatory; and, 
whether in power or in opposition, he never lost the 
friendship or confidence of his political opponents. 

* His death occurred on the 28th of June, 1836. 


His Letters and Writings, in 4 vols., were published by 
order of Congress in 1865. The Madison Papers, a report of 
debates during the Congress of the Confederation, and re- 
ports of debates in the Federal Convention, were also pub- 
lished by order of Congress. The History of the Life and 
Times of Madison, by William C. Rives, in 38 vols., comes 
down only to 1794. 


MADRAS, a presidency of British India, occupying, 
with its dependencies, the entire south of the Indian 
peninsula, and washed on the east by the Bay of Ben- 

al and on the west by the Indian Ocean. ‘The north 
edosary is extremely irregular. On the extreme 
northeast is the Bengal province of Orissa; then the 
wild highlands of the Central Provinces; next the 
dominions of the nizim of Hyderabad; and lastly, on 
the northwest, the Bombay districts of Dharwar and 
North Kanara. The extreme length from northeast 
to southwest is about 950 miles, and the breadth 450 
miles; the area of the British districts (1879) is 
138,856 square miles, and the population in 1871 was 
31,672,613. The five native states attached to Mad- 
ras—Travancore, Cochin, Puducottah, Banganapalli, 
and Sandtir—have an additional area of 9818 square 
miles, and a population of 3,289,392, making a grand 
- total area of 148,674 square miles, with a population 
of 34,962,005. 
General Aspect.—Krom a physical point of view, 
the Madras presidency may ie roughly divided into 
‘three tracts—(1) the long and broad east coast, (2) the 
shorter and narrower west coast, and (3) the high 
interior table-land. These divisions are determined by 
the great mountain ranges of the Hastern and Western 
Ghats. The Hastern Ghats form a continuation of the 
confused hill system of Chutia Nagpur. They run in 
a southwest direction through almost the entire length 
of Madras until they lose themselves in the Nilgiris, 
and there join the Western Ghats. Their average 
“height is only 1500 feet, and for the most part they 
leave a broad expanse of low land between their base 
and the sea; their line is pierced by three great riy- 
ers—the Godavari, Kistna, and Kaveri (Cauvery). 
The Western Ghats stretch continuously along the 
shore of the Indian Ocean. Rising steeply ata dis- 
tance of from 30 to 50 miles from the coast, they catch 
almost the whole rainfall of the monsoon; and within 
Madras territory not a single stream breaks through 
their barrier. Some of the peaks attain an elevation 
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of more than 5000 feet. Between these two ranges 
lies the central table-land, with an elevation of from 
1000 to 3000 feet, which includes the whole of Mysore, 
and extends over about half a dozen districts of Mad- 
ras. he three principal rivers above-mentioned, each 
having a large tributary system, all rise in the Western 
Ghats, and run across the peninsula in a southeast 
direction into the Bay of Bengal. In the upper parts 
of their course they drain rather than water the coun- 
try through which they flow, and are comparatively 
valueless either for navigation or for irrigation; but 
before reaching the sea they spread over alluvial deltas. 
Other but smaller rivers of the same character are the 
North and South Penndr or Ponniydr, Palar, Vaigéi, 
Vellar, and Tambraparni. The two main hill systems 
have been already described (see GHATS, vol. x. p. 
499). The Nilgiris, which join these, culminate in 
Dodabetta (8640 feet), the loftiest peak in southern 
India. There are, besides, many outlying spurs and 
tangled masses of hills, of which the Shevaroys, Ana- 
malais, and the Palnis, are the most important. ‘The 
principal lake in the: presidency is that of Pulicat on 
the east coast, which is 33 miles from north to south, 
and forms an important means of communication be- 
tween Madras city and the north districts. On the 
west coast are a remarkable series of backwaters or 
lagoons, fringing the seabord of Kanara, Malabar, and 
Travancore. The largest is the backwater of Cochin, 
which extends for a distance of 120 miles from north 
to south. 

The mineral wealth of the province is as yet unde- 
veloped. Iron of excellent quality has been smelted 
by native smiths in many localities from time imme- 
morial ; but attempts to work the beds after European 
methods have hitherto proved unsuccessful. | Car- 
boniferous sandstone extends across the Godavari 
valley as far as Ellore, but the coal has been found to 
be of inferior quality. Scientific researches have 
proved the existence of gold in the Nilgiris, in suffi- 
cient quantity to render outlay on it profitable; and 
several companies, representing a large amount of 
capital, have been formed for working the mines. 
| Among other minerals may be mentioned manganese 
|in the Nilgiris and Bellary; copper and lead ores in 
|many parts of the Kastern Ghats; antimony and 
| silver; and corundum in the valley of the Kaveri. 
Garnets are abundant in the sandstone of the Northern 
Cirears, and diamonds of moderate value are found in 
the same region. Stone and gravel quarries are very 
numerous. 

The Forest Department of Madras was first organ- 
ized in 1856, and it is estimated that forests cover a 
total area of more than 5000 square miles, the whole 
of which is under conservancy rules. For supplying 
fuel to the railways an area of about 160,000 acres~is 
strictly conserved. In the remaining forests, after 
supplying local wants, timber is either sold direct by 
the department, or licenses are granted to wood-cutters. 
The more valuable timber-trees comprise teak, ebony, 
rosewood, sandal-wood, and redwood. The Govern- 
ment plantations cover an area of 9000 acres. ‘The 
trees thus artificially reared are teak, sandal-wood, 
Casuarina and Lucalyptus. The finest teak planta- 
tion (over 3000 acres) is near Beypur in Malabar. At 
Mudumalli there are plantations of both teak and 
sandal-wood; and the Hucalyptus or Australian gum- 
tree now grows on the Nilgiris in magnificent clumps. 
The total value of timber and wood exported was 
£95,801 in 1875-76, and £122,413 im 1880-81. 

* The wild animals are those for the most part com- 
mon to the rest of India. Those deserving mention 
are the elephant, bison, sambur, and ibex of the 
Western Ghats and the Nilgiris. Bison are also found 
in the hill tracts of the Northern Cirears. In Travancore 
state the black variety of leopard is not uncommon. 
In 1880-81 182 persons and 11,628 cattle were returned 
as killed by wild beasts. The number of persons killed 
by snake-bites in 1880 was 928. ‘The elephant is now 
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protected by law from indiscriminate destruction. The 
agricultural returns for 1880-81 report the number of 
buffaloes as 1,324,435, bullocks 3,228,907, cows 2,873,- 
979, goats 2,803,407, sheep 4,082,411, horses 8986, 
and elephants 532. The cattle are small, but in Nel- 
lore and along the Mysore frontier a superior 
breed is carefully kept up by the wealthier farmers. 
The best buffaloes are imported from the Bombay dis- 
trict of Dharwar. Experiments in sheep breeding have 
been made at the Saiddpet model farm, with fair 
success. 

Population.—The first census, in 1822, returned the popu- 
lation as 13,476,923, and an enumeration in 1866-67 gave 
26,539,052. The census of November, 1871, however, was 
the first conducted in regular form. The following table 
gives the results for the British districts of the presidency. 
According to the preliminary return the total population at 
the census in 1881 was 30,839,181 (15,242,122 males and 15,- 
597,059 females). This would seem to show that the loss 
caused by the famine of 1876-78 has been nearly made up. 


Area, Population, ete., of Madras Presidency in 1871. 
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Madras city, .. Dat 23 61,741 897,552 | 14,724.1 

iio tall paeveste 138,318 |, 55,421 | 6,229,954 |31,281,17% 226.2 


Hindus numbered 28,863,978; Mohammedans, 1,857,857 ; 
Christians, 533,760; Jains, 21,254; and “ others,” 4328. The 
Hindus (92.3 per cent. of the whole) are subdivided into | 
16,159,610 Sivaites, 11,657,311 Vishnuvites, 154,989 Lingd- 
yats, and 892,068 “ others,” including hill tribes. The Siva- 
ites are most numerous inthe extreme south and on the 
west coast, while the Vishnuvites are chiefly found in the 
northern districts. The Lingayats may be described as a 
sect of Sivaite Puritans, who derive their name from 
their practice of carrying about on their persons the 
linga4 or emblem of Siva. Of Hindu castes, Brahmans, 
number 1,094,455. They follow various pursuits, and many 
of them are said to be recent immigrants, who came south 
in the train of the Mahratta armies. A peculiar caste of 
Brahmans, called Namburi, is found in Malabar, who are 
said to be descended from fishermen. ‘The Kshattriyas, or 
warrior caste of the ancient Hindu organization, number 
only 190,415. The three trading castes of Chettis, Beri 
Chettis, and Komatis number 714,712, and except in Kanara 
district still retain in their hands nearly all the commerce 
of the country. Agricultural castes number 7,826,127; the 
highest classes among them do not cultivate with their own 
hands, and many of them formerly held their lands on a 
military tenure. The pastoral castes number 1,730,681, but 
a large proportion of them have now abandoned their he- 
reditary occupation. Artisans number 785,085, of whom 
nearly one-half are workers in metal. Weavers number 
1,017,781, but their industry is now decayed owing to Man- 
chester competition. The laboring castes are returned at 
3,944,463. Fishing and hunting castes number 971,837, bute 
many have now betaken themselves to agriculture. The 
palm cultivators and toddy makers amount to 1,664,862. 
Out-castes (Pariahs) number 4,761,503 ; in the country round 
Madras they form about one-quarter of the total population. 
Up to the close of the last century they lived in a state of 
slavery to the superior castes; and they are still com- 
pelled by custom to live in separate hovels outside the 
boundary of the village, and to perform all menial ser- 
vices. They are described as a laborious, frugal, plea- 
sure-loving people, omnivorous in diet, and capable 
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of performing much hard work. Unclassified Hindus 
(2,666,890) consist of aboriginal hill races and wander- 
ing tribes. Numerically the most important are the 
Kandhs and Sauras, two cognate races who inhabit 
the mountainous tracts of the Eastern Ghats attached 
to several of the large zamindéris of Ganjém and 
Vizagapatam. On the Nilgiris, the aboriginal tribe best 
known to Europeans is the Todas, a stalwart, haughty race, 
who domineer over the more timid jungle folk, and confine 
themselves to the pasturing of buffaloes. It is believed that 
the Todas are now dying out, for in 1871 they numbered 
only 693. The principal wandering tribes are the Brinjaris 
and Lambadis, who are to be found in all parts of the coun- 
try as carriers of grain and salt. 

The Mohammedans are thus subdivided :—Sunnis, 1,654,- 
529; Shias, 69,302; Wahhabis, 3954; unspecified, 130,072. 
A more familiar division is a race one;—Labbay, Mopla, 
Arab, Shaikh, Sayyid, Pathan, and Mughal. The Labbays 
(312,088) are the descendants of Hindu converts, and are 
traders by hereditary occupation, although many now 
employ themselves as sailors and fishermen. The Moplas 
(612,789) are the descendants of Malayalam converts to 
Isl4m,—the head of the tribe, the raja of Kanan@r, being 
descended from a fisher family in Malabar. They are a 
hard-working, frugal people, but quite uneducated and very 
fanatical, and under the influence of religious excitement 
have often disturbed the public peace. The Shaikhs num- 
ber 511,112, the Sayyids 89,219, the Pathdns 70,948, and the 
Mughals 12,407. 

Christians are more numerous in Madras than in any 
other part of India. They number in the British districts 
533,760, of whom 40,879 are Europeans or Kurasians, and 
the remainder native converts; Roman Catholics number 
397,071, and Protestants 93,228. In Travancore and Cochin 
states the native Christians are still more numerous, con- 
stituting as much as one-fourth of the population. The 
Roman Catholics, whose number throughout southern India 
is estimated at upwards of 650,000, owe their origin to St. 
Francis Xavier, and the famous Jesuit mission of Madura; 
they are partly under the authority of the archbishop of 
Goa, and partly under twelve Jesuit vicariates. Protest- 
ant missions date from the beginning of the last century. 
The Danes were the pioneers; but their work was taken up 
by the Society for Promoting Christian Knowledge, 
under whom labored the great Lutherans of the last cen- 
tury—Schultz, Sartorius, Fabricius, and Schwartz. The 
Church Missionary Society entered the field in 1814; and 
subsequently an American mission joined in the work. 
The total number of Protestant native Christians in south- 
ern India (British and native) in 1878 was 296,408. 

Urban life may be said to be more highly developed in — 
Madras than in Bengal or Bombay. Populous cities, in- 
deed, are not numerous, but there is an unusual proportion 
of towns with from 2000 to 20,000 inhabitants. The six 
cities with a population of more than 50,000 are—Madras 
city (1871), 397,552; Trichinopoli, 76,530; Tanjore, 52,175; 
Madura, 51,987; Bellary, 51,766; Salem, 50,012. 

Agriculture.—Over the greater part of the area of Madras 
artificial irrigation is impossible, and cultivation is depen- 
dent upon the local rainfall, which rarely exceeds 40 inches 
a year, and is liable to fall irregularly. The Malabar coast 
is the onky part where the rainfall brought by the south- 
west monsoon may be trusted both for its amount and reg- 
ularity. Other districts, such as Bellary, are also dependent 
upon this monsoon, but in their case the rain-clouds have 
spent themselves in passing over the Western Ghats, and 
cultivation becomes a matter of hazard. Over the greater 
part of the presidency the rainy season is caused by the 
southeast monsoon, which breaks about the end of Septem- 
ber. The deltas of the Godavari; Kistna, and Kaveri rivers 
are the only spots on the east coast which artificial irriga- 
tion is able to save from risk of occasional scarcity. Of 
the total cultivated area about 80 per cent. is returned as 
“dry” land, or that which is solely dependent upon local 
rainfall; 15 per cent. as “wet” land, irrigated from river 
channels ; 2 per cent. as garden land, irrigated from wells; 
and about 3 per cent. fallow and pasture. The principal 
food staples are rice, cholam, kambu, ragi, and varagu. The 
most common oil-seed is gingelly. Garden crops comprise 
tobacco, sugar-cane, chillies, betel-leaf, and plantains. The 
fruit trees are cocoa-nut, areca-nut, date and palmyra palm, 
jack, tamarind, and mango. Special crops include cotton, 
indigo, coffee, tea, cinchona. The principal coffee tract 
stretches along the slopes of the Western Ghats from the 
north of Mysore almost down to Cape Comorin, The larger 
portion of this area lies within Mysore, Coorg, and Trayan- 
core states, but Waindd and the Nilgiri hills are within 
Madras. The first coffee plantation was opened in the 
Waindd in 1840. Many of the early clearings proved un- 
profitable, and the enterprise made little progress till about 
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1855, in which year the total exports were 32,000 ewts. 
Coffee, which is much cultivated on the Nilgiris, now cov- 
ers in the whole presidency 131,348 acres. The tea plant 
was also introduced into the Nilgiri hills about 1840, but 
was not taken up as a commercial speculation till 1865. 
The area under tea is over 4000 acres, and the exports in 
1880-81 were 263,940 tb. The cinchona plant was success- 
fully introduced into the Nilgiri hills by Government in 
1860. In 1880-81 847 acres were under cultivation ; 1,087,- 
637 plants were raised; and the receipts of sales were 
£39,618, the amount in 1875-76 being only £4989. Tobacco 
is extensively grown in Goddvari and Kistna districts. 
The greater part of the soil in Madras is held by the culti- 
vators direct from government under the tenure known as 
rayatwari. The average rate of Government assessment is 
about 2s. 3d. per acre on unirrigated and 9s. 6d. on irrigated 
land. In 1880-81 the total revenue from this source 
amounted to £4,170,052. Besides these lands in the hands 
of the Government, there are also proprietary or zaminddrt 
estates in all parts of the country. These estates are either 
the remains of ancient principalities, which the holder can- 


not sell or encumber beyond his own life interest, or they | 


are creations of British rule and subject to the usual Hindu 
custom of partition. The total area of the zaminddrt estates 
is about 21 million acres, or one-fourth of the whole presi- 
dency. The peshkash or tribute payable to Government in 
perpetuity amounts to about £500,000 a year. Indms, reve- 
nue-free or quit-rent grants of lands made for religious en- 
dowments or for services rendered to the state, occupy an 
aggregate area of a little over 1,500,000 acres. 
Maniufactures.—Madras possesses few staple manufactures. 
The preparation of the coffee berry for export constitutes 
the one great business carried on by means of European 
capital and uncer European supervision. Indigo is manu- 
factured in considerable quantities, but of inferior quality. 
The more important of the large manufactories are three 
cotton mills in Madras, a weaving establishment maintained 
by the Basel mission in South Kanara, sugar works in Gan- 
jam and South Arcot, and a jute factory at Vizagapatam. 


Up to the close of the last century cotton goods constituted | 


the main article of export. Masulipatam, where. the first 


English factory on the Coromandel coast was established | 


in 1620, enjoyed a special reputation for its chintzes, which 
were valued for the freshness and permanency of their dyes. 


There is still a small demand for these articles in Burmah, | 


the Straits, and the Persian Gulf; but Manchester goods 
have nearly beaten the Indian exporter out of the field. 
Native looms, however, still hold their own in the local 
market, in face of strenuous opposition. After weaving, 
working in metals appears to be the most widespread na- 
tive industry. Among local specialities which have at- 
tracted European curiosity may be mentioned the jewellery 
of Trichinopoli, ornaments of ivory and horn worked at 
Vizagapatam, and sandal-wood carving at Kanara. The 
manufacture and sale of salt is a government monopoly, 
carried on under close supervision. The process employed 
is solar evaporation, and the entire eastern coast-line from 
Orissa to Cape Comorin affords natural facilities for the in- 
dustry. The preparation of arrack and toddy spirit is also 
a Government monopoly. On the Nilgiri hills and at Bel- 
lary country beer is manufactured by European firms sub- 
ject to an excise duty of 6d. per gallon. 

Railways—Two guaranteed railway companies, the 
Madras and the South Indian, have their lines almost en- 
tirely within the presidency. The Madras Railway, which 
connects at Raéichur with the Great Indian Peninsular sys- 
tem, runs southeast to Madras, and then west across the 
peninsula to Beypur, with branches to Bellary and Banga- 
lore. The total length epen in 1881 was 858 miles; the 
‘capital expended, £10,441;699; the net profits £177,433, 
giving a dividend of 1.7 per cent. on the capital expended, 
The South Indian Railway (narrow gauge) runs north from 
Tuticorin to Madras. In 1881 the total length was 658 
miles; the capital expended £4,291,311; and the net profits 
yielded a dividend of 2.9 per cent. 

Commerce and Trade.—The continuous seaboard of the 
Madras presidency, without any natural harbors of the 
first rank, has tended to create a widely diffused trade. 
Madras city conducts nearly one-half of the total sea-borne 
“commerce; next comes Malabar, containing the western 
railway terminus near Calicut; then Godavari, with its 
cluster of ports along the fringe of the delta; Tinnevelli, 
with the new harbor at Tuticorin, which has opened large 
dealings with Ceylon ; Tanjore, South Kanara, Ganjdm, and 
Vizagapatam in the order given, The total foreign trade 
in 1880-81 was as follows. The imports amounted to £6,- 
518,783, of which cotton piece goods and twists made up £2,- 
908,379, grain £158,144, and apparel £147,691. The exports 
amounted to £9,271,345, the chief items being—coffee, £1,- 
393,090 ; raw cotton, £939,127 ; hides and skins, £1,261,182; 
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rice, £996,314; seeds, £708,390; indigo, £693,103; spices, 
£379,282 ; oils, £372,119 ; sugar, £301,670. The total num- 
ber of vessels engaged in foreign trade that cleared and en- 
tered Madras ports in 1880-81 was 6247, with a tonnage of 
1,177,337; the coasting trade was conducted by 11,316 ves- 
sels with 3,748,474 tons, for ports outside Madras presidency, 
and 24,057 vessels, with 3,092,286 tons, for ports within the 
presidency. The importance of this active coasting trade 
may be gathered from the fact that in 1876-77 (the first 
year of the late famine) the imports of grain suddenly rose 
to 652,850 tons, by far the greater part consisting of rice 
from Bengal. 

Administration—The supreme executive authority is 
vested in the governor, with a council of three members, 
of whom one is the commander-in-chief; the others belong 
to the covenanted civil service. For legislative purposes 
this council is increased by the presence of the advocate- 
general and from four to eight other members nominated 
by the governor, of whom not less than one-half must be 
non-officials. The local administration is organized with 
the district or zi/lé as its unit. Of these districts there are 
twenty-one in all, including the Nilgiris and Madras city, 
both of which occupy an exceptional position. Each of the 
remaining districts is under the jurisdiction of a collector- 
magistrate and a sessions judge. Beneath the collector- 
magistrate come deputy collectors, sub-collectors, and as- 
sistants. Each district is subdivided into téluks, number- 
ing one hundred and fifty-six in all, under the charge of a 
tahsilddr, Each taluk comprises from fifty to one hundred 
villages, which constitute the ultimate units for fiscal and 
administrative purposes. The hereditary village oflicials, 
to be found in almost every Hindu village, are employed 
to perform minor public offices, revenue and judicial, and 
are inadequately remunerated either by fees in grain and 
other cesses levied from the villagers, or by a reduction in 
their land assessment. The heads of villages and village 
accountants (karnam) collect and account for all revenue, 
rates, and taxes within their respective villages or town- 
ships. 

Local and municipal administration, including roads and 
communications, schools and primary education, public 
health and local endowments, together with special taxa- 
tion levied for any of these purposes, is provided for by special 
legislation passed in 1871. Entire districts or, where these 
are of unmanageable size, parts of districts have been consti- 


| tuted local fund circles, each under the management of a 


board of commissioners, of which the collector is ec officio pre- 
sident, and the district engineer, medical officer, and one or 
more civil officers are official members, With them are as- 
sociated at least an equal number of native non-oflicial 
gentlemen, appointed by Government. To these boards is 
entrusted the entire management of the local interests 
above named, subject to the submission of an annual bud- 
get for the sanction of Government, and of a report of the 
board’s transactions at the close of each year. The twenty- 
one districts of the presidency comprise thirty-five such 
local fund cireles. The sources of income at the disposal 


|of these boards are a grant from provincial funds, a special 


land rate not exceeding one anna in the rupee of the Gov- 
ernment assessment, tolls, school fees, local endowments, 
and other minor special funds. Municipal administration 
of the larger towns is provided for by boards of town com- 
missioners, constituted similarly to the local boards as re- 
gards official and non-official members, except that, with 
the consent of Government, the latter may be elected by 
the rate-payers. Besides the above-named local interests, 
the commissioners manage the local sanitation and hospi- 
tals of the towns, registration of births and deaths, light- 
ing and police. About fifty towns, including Madras city, 
with an aggregate population of 1,500,000, are provided 
with municipal administration, and the number is steadily 
increasing. The funds at the disposal of the commissioners 
consist of rates on houses and lands, a tax on professions 
and trades, a wheel and animal tax, tolls and ferries, 
school and market fees, ete. Under the administration of 
these local and municipal boards great impulse has been 
given to the development of roads, education, and hospitals 
and dispensaries. 

Revenue and Expenditure —Down to 1871 every branch of 
revenue and expenditure throughout India was managed 
in all details by the Government of India. Under the de- 
centralization scheme of that year the financial adminis- 
tration of the jail, police, and educational services, together 
with certain branches of the medical, sanitary, and other 
minor services, were transferred to the Government of 
Madras, anda grant of a single fixed sum from the imperial 
funds was assigued for their maintenance. The local fund 
boards, described above, were constituted in the same year, 
and the municipal administration improved. The provin- 
cial expenditure is almost entirely met by a grant from im- 


188. 


6 


perial funds; and the local receipts benefit in a similar way 
by a subsidy from the imperial budget. The following 
figures show the revenue and expenditure under each head 
of finance for the year 1880-81, exclusive of the charges un- 
der the heads of army, interest, and imperial public works. 
(1) Imperial: total revenue, £8,526,451, of which about one- 
half, £4,284,335, is derived from the land revenue, and £1,- 
433,974 from salt; expenditure, £3,478,655. (2) Provincial: 
total revenue, £955,162, of which £781,990 forms the allot- 
ment from the imperial funds ; expenditure, £971,011, the 
main items being police, £376,356 ; law and justice, £105,- 
962; public works, £142,187; education, £90,875. (3) Un- 
fettered local funds: receipts, £24,768; charges, £19,628. 
(4) Fettered local funds: income, £748,315; expenditure, 
£729,746. Municipal : total revenue, £137,364 ; expenditure, 
£129,525. The gross revenue of the presidency was £9,030,- 
152, and the expenditure £6,893,960. 

Army.—The Madras army garrisons, besides the whole of 
Madras proper, the adjoining state of Mysore, the Nizdm’s 
Dominions, the Central Provinces, and British Barmah ; a 
regiment is also usually stationed at Dorunda in the Chutia 
Nagpur division of Bengal, and another at Cuttack in 
Orissa. The entire force consists of 1 regiment of European 
cavalry, 19 batteries of European artillery, and 8 regiments 
of European infantry, with 1 company of native sappers 
and miners, 4regiments of native cavalry, and 40 regiments 
of native infantry. In 1880-81 the European force num- 
bered 10,229, and the native army 30,958 of allranks. The 
military expenditure charged against Madras in 1880-81 
was £2,722,105. The principal cantonments are Kampti, 
Secunderabad, Bangalore, Bellary, and Rangoon. St. 
Thomas’s Mount near Madras city is an important station 
for artillery. The two military sanatariums are Raman- 
drug near Bellary, and Jakatdla, or Wellington in the 
Nilgiri Hills. 

Administrative Statistics—An early task of the English 
administration was the repression of the system of black- 
mail levied by bands of Kavilgars, which was not fully ex- 
tinguished for many years. By a Government regulation 
in 1866 the village police was placed under the head of the 
village, and became practically the most useful (although 
a somewhat dishonest) agency of the magistrate in the 
police administration. The Madras police force was organ- 
ized in its present form in 1860. In March, 1881, it con- 
sisted of a total strength of 26,415 officers and men, main- 
tained at a cost of £364,233. In 1880 the total number of 
prisoners passing through the jails in the presidency was 
27,708,—considerably less than during and after the famine ; 
the daily average number of prisoners was 12,202. Educa- 
tion was afforded in 1880-81 by 12,878 schools, atteuded by 
327,808 pupils; the expenditure was £284,873, of which 
£86,641 was contributed by the state. The chief educa- 
tional institutions are the Madras university, the provincial 
college of Combaconum, the Madras Christian college, the 
Doveton Protestant college, S. P.G. high school at Tanjore, 
medical college, civil engineering college, Lawrence asylum, 
school of agriculture, school of ordnance artificers and school 
of arts, and the military orphanage at Utakamand in mem- 
ory of the late Sir Henry Lawrence. 

Climate and Health.—The climate varies in different parts 
of the presidency, being determined by the very diverse 
geographical conditions. The Nilgiri hills enjoy the climate 
of the temperate zone, with a moderate rainfall, and a ther- 
mometer rarely exceeding 80° F., and sometimes falling to 
the freezing-point. On the Malabar coast the southwest 
monsoon brings an excessive rainfall, reaching 150 inches 
in the year at certain spots. The rain clouds hanging on 
the slope of the Western Ghats sometimes obscure the sun 
for month after month. Along the eastern coast and on the 
central table-lands the rainfall is comparatively low, but 
the heat of the summer months is excessive. At Masulipa- 
tam the thermometer frequently rises to above 110° F. in 
the shade. The whole coast of the Bay of Bengal is liable 
to disastrous cyclones, which not only wreck the shipping 
in the roads, but have repeatedly overwhelmed the low- 
lying ports. The most prevalent diseases are fevers, diar- 
rhea, dysentery, and other bowel complaints, cholera, and 
small-pox. 

History.—Until the English conquest the whole of south- 
ern India had never acknowledged a single ruler. The 
difficult nature of the hill passes and the warlike character 
of the highland tribes forbade the growth of great empires, 
such as succeeded one another on the plains of Hindustan. 
The Tamil country in the extreme south is traditionally 
divided between the three kingdoms of Pandya, Chola, and 
Chera. The west coast supplied the nucleus of a monarchy 
which afterwards extended over the highlands of Mysore, 
and took its name from the Carnatic. On the northeast 
the kings of Kalinga at one time ruled over the entire line 
of seaboard from the Krishna to the Ganges. Hindu legend 
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has preserved marvellous stories of these early dynasties, 
but our only authentic evidence consists in their inserip- 
tions on stone and brass, and their noble architecture. The 
Mohammedan invader first established himself in the south 
in the beginning of the 14th century, AJd-ud-din, the sec- 
ond monarch of the Khilji dynasty at Delhi, and his gene- 
ral Malik Kafur conquered the Deccan, and overthrew 
the kingdoms of Karnataka and Telingéna, which were 
then the most powerful in southern India. But after the 
withdrawal of the Musalian armies the native monarchy 
of Vijayanagar arose out of the ruins. This dynasty grad- 
ually extended its dominions from sea to sea, and reached 
a pitch of prosperity before unknown. At last, in 1565, it 
was overwhemed by a combination of the four Moham- 
medan principalities of the Deccan. At the close of the 
reign of Aurangzeb, although that emperor nominally ex- 
tended his sovereignty as far as Cape Comorin, in reality 
south India had again fallen under a number of rulers who 
owned no regular allegiance. The nizim of the Deccan, 
himself an independent sovereign, represented the distant 
court of Delhi. The most powerful of his feudatories was 
the nawdb of the Carnatic, with his capital at Arcot. In 
Tanjore, a descendant of Sivaji ruled; and on the central 
table-land a Hindu chieftain was gradually establishing his 
authority and founding the state of Mysore, destined soon 
to pass to a Mohammedan usurper. 

Vasco da Gama cast anchor off Calicut on the 20th May, 
1498, and for a century the Portuguese retained in their 
control the commerce of India. The Dutch began to estab- 
lish themselves on the ruin of the Portuguese at the begin- 
ning of the 17th century, and were quickly followed by the 
English, who established themselves at Calicut and Cran- 
ganore in 1616. Tellicherri became the principal British 
emporium on the west coast of Madras. The Portuguese 
eventually retired to. Goa, and the Dutch to the Spice 
Islands. The first English settlement on the east coast 
was in 1620, at Masulipatam, even then celebrated for its 
fabrics. Farther south a factory, the nucleus of Madras 
city, was erected in 1639. Pondicherri was purchased by 
the French in 1762. For many years the English and 
French traders lived peaceably side by side, and with no 
ambition for territorial aggrandisement. The war of the 
Austrian succession in Europe lit the first flame of hostility 
on the Coromandel coast. In 1746 Madras was forced to 
surrender to Labourdonnais, and Fort St. David remained 
the only British possession in southern India, By the 
peace of Aix-la-Chapelle Madras was restored to the Eng- 
lish ; but from this time the rivalry of the two nations was 
keen, and found its opportunities in the disputed succes- 
sions which always fill a large place in Oriental polities. 
English influence was generally able to secure the favor of 
the rulers of the Carnatic and Tanjore, while the French - 
succeeded in placing their own nominee on the throne at 
Hyderabad. At last Dupleix rose to be the temporary 
arbiter of the fate of southern India, but he was overthrown 
by Clive, whose defence of Arcot in 1751 forms the turning 
point in Indian history. In 1760 the crowning victory of 
Wandewash was won by Colonel (afterwards Sir Eyre) 
Coote, over Lally, and in the following year, despite help 
from Mysore, Pondicherri was captured. 

hough the English had no longer any European riyal, 

they had yet to deal with Mohammedan fanaticism and 
the warlike population of the highlands of Mysore. 
dynasty founded by Hyder Ali, and terminating in his son 
Tipa Sultan, proved itself in four several wars, which ter- 
minated only in 1799, the most formidable antagonist 
which the English had ever encountered (see HyDER 
Aut and InpIA). Since the beginning of the present cen- 
tury Madras has known no regular war, but occasional dis- 
turbances have called for measures of repression. The 
pélegérs or local chieftains long clung to their independence 
after their country was ceded to the British. On the west 
coast, the feudal aristocracy of the Nairs, and the religious 
fanaticism of the Moplas, have more than once led to rebel- 
lion and bloodshed. In the extreme north, the wild tribes 
occupying the hills of Ganjam and Vizagapatam have only 
lately learned the habit of subordination. In 1836 the 
zamindart of Gimstr in this remote tract was attached by 
Government for the rebellious conduct of its chief. An 
inquiry then institutéd revealed the wide prevalence 
among the tribe of Kandhs of human sacrifice, under the 
name of meriah. The practice has since been suppressed by 
a special agency. 

The different territories comprising the Madras presi- 
dency have been acquired by the British at various dates. 
In 1763 the tract encircling Madras city, now Chengalpat 
district, was ceded by the nawab of Arcot. In 1765 the 
Northern Circars, out of which the French had recently 
been driven, were granted to the Company by the Mughal 
| emperor, but at the price of an annual tribute of £90,000. 
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Full rights of dominion were not acquired till 1823, when 
In 1792 
Tipit was compelled to cede the Baramahal (now part of 
Salem district), Malabar, and Dindigal subdivision of Ma- 
In 1799, on the reconstruction of Mysore state after 
Tipd’s death, Coimbatore and Kanara were appropriated as 


the tribute was commuted for a lump payment. 
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the British share; and in the same year the Mahratta r4j& 
of Tanjore resigned the administration of his territory, 
though his descendant retained titular rank till 1855. In 
1800 Bellary and Cudapah were made over by the nizam 
of Hyderabad to defray the expense of an increased sub- 
sidiary force. In the following year the dominions of the 
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Plan of Madras. 


nawab of the Carnatic, extending along the east coast 
almost continuously from Nellore to Tinnevelli, were re- 
signed into the hands of the British by a puppet who had 


been put upon the throne for the purpose. The :ast titular 
nawéfb of the Carnatic died in 1855; but his representative 
still bears the title of Prince of Arcot, and is recognized as 
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the first native nobleman in Madras. In 1838 the nawab 
of Karnfil was deposed for misgovernment and suspicion 
of treason, and his territories annexed. 


Mapras, capital of Madras presidency, is situated 
on the sea-coast in 13° 4% 8”7 N lat., 80° 147 517” K. 
long. Although at first sight the city presents a disap- 
pointing appearance, and possesses not a single hand- 
some street, it has several edifices of high architectural 
pretensions, and many spots of historical interest. 
Neen from the roadstead, the fort, a row of merchants’ 
offices, a few spires and public buildings, are all that 
strike the eye. Roughly speaking, it consists of the 
following divisions: (1) Black ‘own, an_ ill-built, 
densely populated block, about a mile square, is the 
business part of the town, and contains the banks, custom 
house, high court, and all the mercantile offices. The 
last, for the most part handsome structures, lie along 
the beach. On the sea-face of Black Town are the 
pier and the new harbor. Immediately south of Black 
oak there is (2) an open space which contains the 
fort, esplanade, brigade parade ground, Government 
house, and several handsome public buildings on the 
sea-face. (3) West and south of this lung of the city 
come a series of crowded quarters known by various 
native names—Chintadrapet, Tiruvaleswarampet, Pu- 
dupik, Royapet, Kistnampet, and Mylapur, which 
bend to the sea again atthe old town of Saint 
Thomé. (4) To the west of Black Town are the 
quarters of Veperi and Pudupet, chiefly inhabited 
by Eurasians, and the suburbs of Egmore, Nan- 
gambikam, and Perambitir, adorned with hand- 
some HKuropean mansions and their spacious ‘‘com- 

ounds’’ or parks. (5) Southwest and south lie the 
Recapeet quarters of Tanampetand aristocratic Adyar. 
Amongst the buildings most deserving of notice for 
their architectural features are the cathedral, Scotch 
church, Government house, Patcheappah’s hall, senate 
house, Chepauk palace (now the Revenue Board), and 
the Central Railway station. 

Nearly all the most important offices of the presi- 
dency, and the headquarters of every department, are 
located in Madras. Apart from the headquarters staff 
of the Madras army, that of a central division is also 
stationed here, with a garrison of 1 European and 3 
native infantry regiments, 1 battery of artillery, and 
the bodyguard of the governor (100 sabres). At St. 
Thomas’s Mount are 3 batteries of artillery and a de- 
tachment of native infantry. Including these, the 
garrison of Madras is about 3500 strong, of whom 1200 
are Huropeans. - 

The population of Madras city, as ascertained by the 
census of 1871, was 397,552, including 330,062 Hindus, 
50,964 Mohammedans, 12,013 Eurasians, and 3613 
Europeans. The annual municipal income is about 
£53,000. Madras, notwithstanding its exposed situa- 
tion, ranks third among the ports of India in respect 
of the number and tonnage of vessels calling and the 
value of its imports and exports. The port trades 
with every part of the world, exporting coffee, cotton, 
grain, hides, indigo, oilseeds, dyes, sugar, and horns, 
and importing piece goods, iron and other metals, and 
all kinds of European manufactures. The lighthouse, 
125 feet high, is visible from a ship’s deck 15 miles at 
sea. The Madras roadstead, like the whole line of the 
western coast of India, is liable to be swept by hurri- 
canes of irresistible fury, which occur at irregular in- 
tervals of years, generally at the beginning of the mon- 
soons in May and October. The first recorded cyclone 
was in October, 1746, a few weeks after the fort had 
surrendered to Labourdonnais. A French fleet then 
Jay at anchor in the roads. Five large ships foundered, 
with 1200 men on board; and scarcely a single vessel 
escaped with its masts standing. Perhaps the most 
destructive of these storms occurred in May, 1872. 
On this occasion the registered wind pressure reached 
a maximum of 53 tb to the square foot. In the space 
of a few hours nine English vessels and twenty native 
craft were driven ashore. In May, 1874, another 
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cyclone broke on the Madras coast, but the ships were 
warned in time to put to sea and gain an offing. The 
most recent of these periodical hurricanes occurred in 
November, 1881, when the new harbor works sustained 
serious damage. : 

The trade of the town does not depend on any 
special local manufactures or produce. Such indus- 
tries as once flourished—weaving, for instance—have 
decayed, and no others have grown up to replace them. 
As elsewhere in India, spinning companies have re- 
cently been formed, but what effect they are likely to 
exercise on local trade remains to be seen. With the 
exception of banks, and enterprises connected with the 
preparation of produce for export, e.y., cotton-pressing 
and coffee-cleaning, Tohye tock undertakings have not 
prospered. As the capital of southern India, Madras 
1s the centre on which all the great military roads con- 
verge. It is also the terminal station of two lines of 
railway, the Madras line and the Madras and Tanjore 
section of the South Indian Railway. 

The Buckingham Canal, which passes through an 
outlying part of the city, connects South Arcot district 
with Nellore and the Krishna and Godavari system of 
canal navigation. ‘This long-delayed project was un- 
dertaken as a famine work. 


The ‘town of Madras dates from 1639, when Francis Day, 
chief of the East India Company’s settlement at Armagon, 
obtained a grant of the present site of the city from the 
raja of Chandragiri. A factory, with some slight fortifica- 
tions, was at once constructed, and a gradually increasing 
population settled around its walls. In 1653 Madras, which 
had previously been subordinate to the settlement of Ban- 
tam in Jaya, was raised to the rank of an independent 
presidency. In 1702 Daétid Khan, Aurangzeb’s general, 
blockaded the town for a few weeks, and in 1741 the Mah- 
rattas unsuccessfully attacked. the place. In 1746 Labour- 
donnais bombarded and captured the fort. Thesettlement 
was restored to the English two years later by the treaty 
of Aix-la-Chapelle, but the government of the presidency 
did not return to Madras till 1762. In 1758 the French 
under Lally occupied the Black Town, and invested the 
fort. The siege was conducted or both sides with great 
skill and vigor. After two months, the arrival of a British 
fleet relieved the garrison, and the besiegers retired with 
some precipitaney. With the exception of the threatening 
approach of Hyder Ali’s horsemen in 1769, and again in 
1780, Madras has since the French siege been free from ex- 
ternal attack. The town of Saint Thomé, now part of 
Madras city, was founded and fortified by the Portuguese 
in 1504, and was held by the I'rench from 1672 to 1674. 


MADRID, a province of Spain, one of the five into 
which New Castile is divided, is bounded on the W., 
N.W., and N. by Avila and Segovia, on the EK. by 
Guadalajara, and on the S.K. by Cuenca, and on the 
8. by Toledo. The area is 2997 square miles, with a 
population in 1877 of 593,775, an increase of 104,443 
since 1860. Madrid belongs to the basin of the Tagus, 
being separated from that of the Douro by the Sierra 
Guadarrama, which skirts the province on the north- 
west and north. The Tagus itself is the southern 
boundary for some distance, its chief tributary being 
the Jarama, which rises in the Somosierra in the north, 
and terminates at Aranjuez. The Jarama, in turn, is 
joined by the Henares and Tajufia on the left, and by - 
the Lozoya and Manzanares on the right. The Gua- 
darrama, another tributary of the Tagus, has its upper 
course within the province. Like the rest of Castile, 
Madrid is chiefly of Tertiary formation; the soil is 
mostly clayey, and there are sandy tracts. Agriculture 
is in a somewhat backward condition; the rainfall is 
deficient, and the rivers, poor though they. are, are not 
utilized as they might be for irrigation. The chief 
products are wheat, barley, rye, oats, algarrobas (Jr- 
vum tetraspermum), pease, chick pease, and various 
other legumes, wine, oil, flax, hemp, wax, honey, and 
various fruits. Gardening is carried on to some ex- 
tent near the capital, though the markets of Madrid 
receive their most liberal supply of fruits and vegeta- 
bles from Valencia. Sheep, goats, and horned cattle 
are reared, and fish are found in the Jarama and other 
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rivers. The province is on the whole treeless; but 
some wood is grown on the mountain slopes in the 
north. The Sierra Guadarrama has quarries of granite, 
lime, and gypsum, and is known to contain iron, cop- 
per, and argentiferous lead, but these resources are as 
yet undeveloped. ‘he manufactures are trifling 
(coarse cloth, leather, paper. earthenware, porcelain, 
bricks and tiles, saltpetre, glass and erystal, chocolate, 
lace); and there is very little commerce beyond that 
for the supply of the capital with necessaries. The 
only towns with a population above 10,000 are Alcala 
: eeu) on the Henares, and Madrid; the 
amous university of the former was transferred to the 
latter in 1836. Aranjuez (8154), on the Tagus, is also 
of historical importance. 

MADRID, capital of the above province and of Spain, 
is situated in 40° 24” 35’7 N. lat. and 3° 41751” W. long., 
on the left bank of Manzanares, a subtributary of the 
Tagus, at a maximum elevation of 2372 feet above the 
sea-level. The population (397,816 in 1877) was over 
400,000in 1881. ‘lhe town is nearly in the centre of the 
kingdom, almost equidistant from the Mediterranean, 
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The-form of Madrid proper is almost that of a square 
with the corners rounded off; from east to west 
it measures rather less than from north to south. 
It was formerly surrounded by a poor wall, partly of 
brick, partly of earth, some 20 feet in height, and 

ierced by five principal gates (puertas) and eleven 

‘ portillos.”’ Of these gateways only three, the Puerta 
de Aleal4 on the east, the Puerta de Toledo on the 
south, and the Portillo de San Vicente on the west, 
now actually exist; the first and the third were erected 
in the time of Charles III., and the second in honor of 
the restoration of Ferdinand VII. ;. all have some archi- 
tectural pretensions. The Manzanares (or rather its 
bed, for the stream is at most seasons of the year quite 
insignificant) is spanned by six bridges, the Puente de 
Toledo and that of Segovia being the chief. The 
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the Atlantic, and the Bay of Biscay. The site consists 
of some sandy hills of little elevation, in the midst of an 
extensive plain, bounded to the view on the north only 
by the Sierra Guadarrama. ‘he basin in which it 
stands is of Tertiary formation, consisting of gypsum, 
marl, and limestone. Owing to its elevated and ex- 
posed situation, the climate of Madrid has some 
marked peculiarities. In winter the mean tempera- 
ture is 43° Fahr., and as many as sixteen degrees of 
frost have been observed ; the mean in summer is 76° 
Fahr., but a temperature of 107° has been registered ; 
and the daily oscillation sometimes amounts to as 
much as 57°. The readings in sun and shade at the 
same moment are also widely different. The tendency 
to inflammatory disorders in the population is, as 
might be expected from these circumstances, very pro- 
nounced; but against it must be set the advantages of 
a dry atmosphere and a cloudless sky, and in point of 
fact the city is not exceptionally unhealthy; its salu- 
brity has been much enhanced by the recent introduc- 
tion of a plentiful supply of pure water from the 
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Puerta del Sol (formerly the east gate and tower of the 
city, having on its front a representation of the sun— 
whence the name) is now the central plaza, and the 
favorite lounge and place of most traffic in the city; 
the animated scene it presents has been described with 
more or less fulness in almost every book of Spanish 
travel. On its south side stands the Palacio de la 
Gobernacion, or Home Office, a heavy square build- 
ing, by a French architect, J. Marquet, and dating 
from 1768. From the Puerta del Sol diverge, imme- 
diately or mediately, almost all the principal streets of 
Madrid—eastward by north, the Calle de Alcala, ter- 
minating in the Prado; eastward, the Carrera de San 
Geronimo, terminating by the Plaza de las Cortes also 
in the Prado ; southward, the Calle de Carvetas ; west- 


ward, the Calle Mayor, which leads to the council 
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chamber and to the palace, and the Calle del Arenal, 
terminating in the Plaza de Isabel II. and the opera- 
house; northwestward, the Calles de Preciados and 
Del Carmen; and northward, the Calle de la Montera, 
which afterwards divides into the Calle de Fuencarral 
to the left and the Calle de Hortaleza to the right. 
Of these the Calle de Aleal& is the finest ; it is bor- 
dered on both sides with acacias, and contains some 
elegant buildings, including the museum of natural 
history, formerly the general custom-house, dating 
from 1769, and the offices of the Board of Trade (Min- 
isterio de Hacienda) on the north side, and on the 
south the palace of the duke of Sesto (the site of which 
is about to be occupied by the new buildings of the 
Banco de Espafia or Bank of Spain); its irregularity 
in point of width and level, however, detracts much 
from its appearance. 
called from the Congreso de los Diputados, or House 
of Commons, on its north side, a building in the Corin- 
thian style, but of little merit; the square contains a 
bronze statue of Cervantes, by Sola, erected in 1835. 
The Calle de Carretas ranks with the Carrera de San 
Geronimo and Calle de la Montera for the excellence 
of its shops. From the Calle Mayor is entered the 
Plaza Mayor, a rectangle of about 430 feet by 330, 
formerly the scene of tournaments, bull fights, autos- 
de-fe, and similar exhibitions, which used to be viewed 
by the royal family from the balcony of one of the 
houses called the Panaderia (belonging to the guild of 
bakers). The square, which was built under Philip 
III. in 1619, is surrounded by an arcade; the houses 
are uniform in height and decoration. In the centre 
stands a bronze equestrian statue of Philip ITI., de- 
signed by Pantoja, cast by Juan de ia dimes and 
finished by Pedro Tacca. From the southeast angle 
of the Plaza Mayor the Callede Atocha, one of the 
principal thoroughfares of Madrid, leads to the out- 
skirts of the city; at the southwest angle of the same 
square the Calle de Toledo begins, the chief mart for 
the various woollen and silken fabrics from which the 
picturesque costumes peculiar to the peninsula are 
made. In the Plaza'de Isabel II., at the western ex- 
tremity of the Calle del Arenal, stands the royal opera- 
house, the principal front of which faces the Plaza del 
Oriente and the royal palace. In the centre of the 
plaza is a fine bronze equestrian statue of Philip IV. ; it 
was designed by Velazquez and cast by Tacca, while Gali- 
leo is said to have suggested the means by which the bal- 
anceis preserved. The gift of the grand-duke of Tuschny 
in 1640, it stood in the Buen Retiro gardens until 1844. 

As compared with other capitals Madrid has very 
few buildings of much interest architecturally or other- 
wise. There isno cathedral. The Basilica de Nuestra 
Sefiora de Atocha, on the Paseo de Atocha, a continua- 
tion of the Calle de Atocha, originally founded in 1523, 
after being destroyed by the French was rebuilt by 
Ferdinand VII. ; it contains one of those miraculous 
images attributed to St. Luke with which Spain 
abounds, and is specially associated in history with the 
name of Queen Isabella II. The collegiate church of 
San Isidro el Real, in the Calle de Toledo, dates from 
1651; it has no architectural merit, but contains one 
or two valuable pictures and other works of art. The 
modern Gothic church of San Geronimo el Real occu- 
pies a conspicuous site eastward of the town; it is not 
at present used as a place of worship. Of secular 
buildings unquestionably the most important is the 
royal palace (Palacio Real) on'the west side of the 
town, on arising ground overhanging the Manzanares. 
It occupies the sight of the ancient Moorish alcazar, 
where a hunting seat was built by Henry IV. ; this 
was enlarged and improved by Charles V. when he first 
made Madrid his residence in 1532, was further de- 
veloped by Philip IL., but ultimately was destroyed 
by fire in 1734. The present edifice was begun under 
Philip V. in 1737 by Sacchetti of Turin, and was 
finished in 1764. It is in the Tuscan style, and is 470 
feet square and 100 feet in height, the material being 
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white Colmenar granite, resembling marble. To the 
north of the palace are the royal stables and coach- 
houses, remarkable for their extent; to the south is 
the armory (Museo de la Real Armerfa), containing 
what is probably the best collection of the kind any- 
where to be met with. After the Palacio Real may be 
mentioned the royal picture gallery (Real Museo de 
Pinturas), adjoining the Salon del Prado; it was built 
about 1785 for Charles III. by Juan de Villanueva, as 
a museum of natural history and academy of sciences. 
It contains the collections of Charles V., Philip IL, 
and Philip IV., and the pictures number upwards of 
two thousand. ‘The specimens of Titian, Raphael, 
Veronese, Tintoretto, Velnznaen Vandyck, Rubens, 
and Teniers are numerous and remarkable, giving it a 
claim to be regarded as as the finest picture gallery in 
the world. The palaces of the grandees are generally 
noteworthy only for their size. There are some seven- 
teen theatres of all classes. The bull-ring (Plaza de 
Toros), to the east of the town, accommodates 12,000 


| aaa the present building dates from 1874. Of 


the promenades and open places of public resort the 
most fashionable and most frequented is the Prado 
(Paseo del Prado, Salon del Prado) on the east, side 
of the town, with its northward continuation the Paseo 
de Recoletos. ‘T'o the south of the town is the Paseo 


de las Delicias, and on the west, below the royal palace, 
and skirting the Manzanares, is the Paseo de la Virgen 
del Puerto, used chiefly by the poorer classes. Kast- 


ward from the Prado are the Buen Retiro gardens, with 
the usual ponds and pavilions, and a poor menagerie. 
The gardens were formerly the grounds surrounding a 
royal hunting seat, on the site of which a palace was 
built for Philip IV. in 1633; it was destroyed during 
the French occupation. 

Modern educational movements have not left Madrid 
unaffected, and considerable improvements in this re- 
spect have taken place within recent years. There are 
upwards of 100 official primary schools (attended by 
4810 boys and 3958 girls), and a large number of pri- 
vate ones; among the other educational instrumental- 
ities the numerous schools connected with various 
Protestant missions claim special mention. There are 
twonormal schools. ‘The university of Alcal& founded _ 
by Cardinal Ximenes in 1508, was transferred in 1836 
to Madrid, and has since that time undergone much 
reform and extension. In 1882 the teaching staff 
numbered 88, and the students 7000. Of these 2400 
belonged to the faculty of law, 2500 to that of medicine, 
400 to that of science, 1400 to that of pharmacy and 
250 to that of philosophy and literature. The faculty 
of theology was suppressed in 1868, and has not been 
re-established. Madrid also has schools of agriculture, 
architecture, civil and mining engineering, the fine 
arts, veterinary science, and music. The school of 
military engineering is at Guadalajara. Among the 
educational institutions may be reckoned the botanical 
garden, originated in 1781, the national hbrary, with 
those of the palace, the university, and San Isidro, 
and the museum of natural science, exceedingly rich 
in the mineralogical department. The principal learn- 
ed society is the Royal Spanish Academy, founded in 
1713 for the cultivation and improvement of the Spanish 
tongue. ‘The Academy of History possesses a good 
library, rich in MSS. and incunabula, as well as a fine 
collection of coins and medals. There are likewise 
academies of the fine arts, the exact sciences, moral 
and political science, medicine and surgery and juris- 
prudence and legislation, all possessing libraries. 
here are also anthropological, economical, and geo- 
graphical societies, and a scientific and literary athe- 
neum. The charitable institutions include upwards 
of eighteen ‘hospitals, the largest of which contains 
1200 Weds: there are three foundling hospitals and six 
for orphans. The military hospital is large and well 
conducted. There are very good schools for the blind 
and for deaf mutes, and a number of asylums of 
various kinds. 
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The manufactures of Madrid are inconsiderable ; 
every article of food and clothing, almost without ex- 
ception, is imported. The most important industries 
are the manufactures of tobacco and cigars, gold and 
silver wares, tapestry and carpets, porcelain, hats, 
mirrors, and beer. Little wine is grown near the capi- 
tal, and not much fruit; but the markets are well sup- 

lied, and regularly, from all quarters of the kingdom. 
Madrid is still the principal, one might almost say the 
only, focus of the now largely developed railway system 
of the peninsula. The suburbs of the town are rapidly 
extending, especially towards the north and south. 
The immediate environs are uninteresting. About six 
miles to the northwest lies the fine hunting seat El 
Pardo, restored by Charles III. 


Spanish archeologists have frequently claimed for Madrid 
a very high antiquity, but the earliest authentic histori- 
cal mention of the town (Majrit, Majoritum) occurs in an 
Arab chronicle, and does not take us farther back than to 
the first half of the 10th century. The place was finally 
taken from the Moors by Alphonso VI. (1083), and was 
made a hunting-seat by Henry IV., but first rose into im- 
portance when Charles V., benefiting by its keen air, made 
it his occasional residence. Philip II. created it his capital 
and “only court” (é#mica corte) in 1560. To this day it only 
ranks, however, as “villa,” not as “ciudad.” Fruitless 
attempts were made by Philip III. and Charles III. respec- 
tively to transfer the seat of government to Valladolid and 
to Seville. 


MADRIGAL. The notice of this branch of musi- 
cal art which will be included in the general article 
Music may here be anticipated by an approximately 
chronological list; according to nationalities, of the 
masters who haye been chiefly distinguished for their 
compositions of the class :—/landers : Hgide Binchois, 
Brusnois, Jean Okeghem or Ockenheim, Jean Tinctor, 
Adrian Willaert, Cyprian di Rore, Jacques Hobrecht, 
Firmin Caron, Josquin des Prés, Alexander Agricola, 


Antoine Brumel, Pierre de la Rue, Jacques Arcadelt, | 


Claude Goudimel, Philippe Verdelot, Jacques de 
Wert, Hubert Waelrent, and Orlando di Lasso ; Rome: 
Costanzo Festa, Giovanni Pierluigi da Palestrina, 


Felice and Francesco Anerio, Giovanni Maria, Ber- | 
nardino Nanini, and Luca Marenzio (styled in his own | 
time ‘‘ I] pid dolce Cigno d’Italia’’); Venice: Giovanni | 


Croce, Andrea and Giovanni Gabrielli, Costanzo Porta, 
Orazio Vecchi, and Giovanni Giacomo Gastoldi; Mng- 
land: William Cornyshe (father and son), Richard 
Taverner, Robert Fayrefax, Thomas Phelyppes, Rich- 
ard Hdwards, William Byrd, Thomas Morley, Giles 
Farnaby, Edward Johnson, Thomas Weelkes, George 
Kirbye, John Dowland, Michael Hste, Thomas Tom- 
kins, John Benet, John Hilton, John Wilbye, Thomas 
Ford, Thomas Bateson, Richard Allison, John Ward, 
and Orlando Gibbons, also John Cooper and Peter 
Philips, who dwelt long in Rome, and published their 
works under the names respectively of Giovanni Cope- 
rario and Pietro Filippi. Many of all these wrote 
strictly madrigals, that is, continuous compositions 
abounding in ingenious artifices of imitation of one part 
by another ; others wrote rhythmical songs of four or 
more parts, or ballets, or fal-las, all of which, being 
for unaccompanied voices, or for viols instead of voices, 
are often erroneously ranked as madrigals, though dif- 
fering entirely in structure from them. ‘The English 
composers, to Byrd inclusive, produced pieces dis- 
tinctly of the madrigal class, but described them by 
other definitions ; it was in the year 1588, when Byrd 

ublished Psalms, Sonets and Songs of Sadness and 

vetie, that the word madrigal was first introduced into 
England by Nicholas Yonge, a merchant, a lover of 
music who, having received copies of some foreign 
compositions in his chests of merchandise, adapted 
English words to these, and printed a collection under 
the title Musica Transalpina, the success of which 
stimulated the powers of English writers that had 
already been proved, and excited others to emulate 
their example. The art of madrigal composition was 
never practised in Germany, and it died out in other 
Vou. XV.—695 
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countries early in the 17th century. The knowledge 
of the works that endear the madrigal writers to lovers 
of a high and most pure form of music was revived, 
and has since been kept alive, by the Madrigal Society. 
This was founded in 1741 by John Emmyns, an attor- 
ney, and its original members were mechanics or small 
tradesmen ; it held its first meeting at the I'welve Bells 
Tavern in Bride Lane, made many migrations to other 
houses of entertainment, and has its present home at 
the Freemasons’ Tavern, where its members are of a 
far higher social caste than the men who associated 
themselves for the practice of contrapuntal vocal music 
when the rank and fashion of the land went to worship 
Farinelli at the Italian opera, and to take part with the 
followers of the king or the prince of Wales in sup- 
porting one or other of the opposition establishments 
for its performance. In 1811 the society offered a 
prize for the composition of a madrigal, which was 
won by William Beale. The same incentive has occa- 
sionally been repeated. This encouragement, and still 
more the love for the class of music engendered by the 
public performance of madrigals by large choral socie- 
ties during the last fifty years, have incited later com- 
posers to more or less successful imitations of the 
style, especially distinguished among whom was Robert 
Lucas Pearsall (1795-1856). 

MADURA, a district in the south of the Madras 
presidency, India, lying between 9° 4” and 10° 44” N. 
fats and 77° 14” and 79° 20’ KE. long., is bounded on 
the N. by Coimbatore, Trichinopoli, and Tanjore dis- 
tricts, H. and 8. E. by the sea, 8. W. by Tinnevelli dis- 
trict, and W. by Travancore state. Broadly speaking, 
it consists of a section of the plain stretching trom the 
mountains east to the sea, coinciding with the basin of 
the Vaigdi river, and gradually sloping to the south- 
east. The plain is broken in the west by the outlying 


|spurs of the Ghats, and by a few isolated hills and 


masses of rock scattered over the country. The most 
important spur of the Ghats is that known as the Palni 
hills,which project east-northeast across the district for 
a distance of about 54 miles. Their highest peaks are 
more than 8000 feet above sea-level, and they enclose a 
plateau of about 100 square miles in area, with an aver- 
age height of 7000 feet. A sanatarium has been recently 
established on this plateau, at Kodaikanal, and coffee 
planting is here successfully carried on. Farther east 
a confused group of hills, known as the Sirumalais, the 
highest of which has an elevation of nearly 4000 feet, 
clusters round the village of Nattam. Among isolated 
rocks may be mentioned the precipitous fortress of 
Dindigal, and the ‘‘ Elephant Rock,”’ the ‘‘ Cow Hill,”’ 
and the sacred Skandamalia—all in the immediate 
vicinity of Madura town. The chief river is the Vaigéi, 
which divides the district into two almost equal por- 
tions. Very little forest is found in any part of the 
district. ‘The cultivated plain is absolutely barren of 
trees, except where a newly-planted avenue marks a 
line of road. Groves of palmyra and cocoa-nut palms 
flourish along the sea-coast and river banks. Among 
the wild products of the Palni hills are nutmeg, cinna- 
mon, and pepper. ‘The predominant geological forma- 
tion is granite. Syenite occurs in large boulders. <A 
gravelly bed of laterite, which runs across the district, 
is quarried for building purposes; and sandstone is 
said to extend along the whole length of the sea-coast. 
Mineral products include saltpetre, salt, lime, chalk, 
and graphite. Iron in various forms is found, but it 
is nowhere worked profitably, even by the rude native 

rocesses. Gold is washed in some of the streams. 

everal kinds of opal, chalcedony, jasper, garnet, and 
rock-crystal are found. 

The census of 1871 showed a total population of 2,266,615 
persons (1,112,066 males and 1,154,549 females), spread over 
an area of 9502 square miles, and inhabiting 5459 villages 
and 443,513 houses. Hindus numbered 2,062,768 and Mo- 
hammedans, 132,833; and the Catholics at the present day 
number about 60,000, under the charge of the missions of 
the Jesuits and of the Church of Goa, The Protestant popu- 
lation are under the charge of an American mission, first 
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established in 1834. The principal towns are Madura city 
(51,987), Dindigal (12,818), Palni (12,801), Ramndd (15,442), 
Tirumangalam (5772), Parambakudi (6284), Sivagangdé 
(7392), Killakarai, Aruppukotai, and Periyakulam. The 
only municipalities are Madura and Dindigal. 

Of a total area of 9502 square miles, 6507 belong to zamin- 
dart or permanently assessed estates. The total area of 
Government lands in occupation in 1875-76 was 1,013,000 
acres, of which 806,630 were under cultivation. The chief 
food crops are rice, cholam ( Holcus saccharatus), kambu (Holcus 
spicatus), ragt (Eleusine coracana), varagu (Paspalum frumen- 
tuceum), samdi (Panicum miliaceum), and several kinds of 
pulses. Other crops include oil-seed, tobacco of excellent 
quality, and a little indigo and cotton. The rainfall is 
small and variable in its seasons. Every possible means of 
storing up surplus water has been resorted to from time 
immemorial. An important engineering project, known as 
the Periydr scheme, has long been under consideration, by 
which the abundant rainfall on the farther slope of the 
Travancore hills might be diverted into the drainage basin 
of the Vaigii. Salt is manufactured at certain stations on 
the coast as a Government monopoly. Handsome turbans 
fringed with gold cloth, and a peculiar kind of red cloth, 
are specialties of Madura town. Considerable sea-borne 
trade is carried on by native craft, chiefly with Ceylon. 
Rice and other food grains, gingelly oil, spices, cloth, salt, 
fish, tobacco, red ochre, and earthenware are the principal 
exports. The district is traversed by the South Indian 
Railway from Tinnevelli to Trichinopoli. The total impe- 
rial revenue in 1875-76 amounted to £393,448, of which 
£280,067 was derived from the land. Education in 1876-— 
77 was afforded by 424 schools, attended by 12,509 pupils. 
Besides ordinary diseases, Madura possesses three special 
scourges :—endemic fever, which sometimes rages with ex- 
ceptional severity ; cholera, disseminated by pilgrims to the 
sacred temple at Rameswaram; and the well-known ‘“ Ma- 
dura foot.” This last complaint, known to science as mor- 
bus pedis entophyticus, is a species of fungus which spreads 
over the whole foot in a mass of tubercles. Its primary 
cause seems to be unknown. 

History.—Madura was the seat of the Pandian monarchy. 
which ruled over this part of India from the 5th century, 
B.c.,\to the end of the 11th century of our era, The last 
ofthe Pandid kings is said to have exterminated the Jains, 
and conquered the neighboring kingdom of Chola; but he 
was in his turn overthrown by an invader from the north, 
conjectured to have been a Mohammedan, In 1324 a Mos- 
lem.army under Malik Kafur occupied Madura, and the 
Hindus were held in subjection for a period of fifty years. 
Subsequently Madura became a province of the Hindu 
empire of Vijdyanagar. In the middle of the 16th century 
the governor Viswauith established an hereditary rule 
which lasted for a century. The greatest of the line was 
Tirumala Nayak (1623-1659), whose magnificence and mil- 
itary exploits are recorded in the contemporary letters of 
the Jesuit missionaries. He adorned Madura with many 
publie buildings, and extended his empire over the adjoin- 
ing districts of Tinneyelli, Travancore, Coimbatore, Salem, 
and Trichinopoli. His repudiation of the nominal allegiance 
paid to'the raj4 of Vij4yanagar brought him into collision 
with the. sultan of Bijapur, and Mohammedans, after the 
lapse of ‘three centuries, again invaded Madura, and com- 
pelled him to pay them tribute. After the death of Tiru- 
mala the kingdom of Madura gradually fell to pieces. In 
1740 the district fell into the hands of the nawab of the 
Carnatic, and the line of the Na&yaks was extinguished. In 
1762 British officers took charge of Madura, in trust for 
Wallah Jah, the last independent naw4b of the Carnatic, 
who finally ceded his rights of sovereignty to the East 
India Company in 1801. 


Manvura, the chief town and headquarters of Ma- 
dura district, is situated on the south bank of the 
Vaigdi river in 9° 55’ 16’7 N. lat., and 78° 97 44” H. 
long., with a population (1871) of 51,987, being the 
fourth largest town in the Madras presidency. Its 
principal architectural feature is the great temple, 
forming a parallelogram 847 feet by 744 feet, sur- 
rounded by nine gopuras, one of which is 152 feet high. 
The principal structure is the “ Hall of a Thousand 
Pillars”’ (the actual number being 997). The other 
buildings comprise the celebrated palace of Tirumala 
Nayak, the most perfect relic of secular architecture 
in Madras. Its ruins cover a large area of ground, 
and a considerable sum of money has been recently 
assigned by Government for the restoration of the 
building. Only second in importance to the palace is 
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complete preservation, and is said to have been built 
as a summer retreat for the god Sundareshwara, a form 
of Siva. On the opposite bank of the river is the 
Tamakam, a two-storied building of quaint architecture, 
said to have been erected asa stand from which to view 
sports and combats. Last is the Teppukulam or great 
tank, situated 13 miles to the east of the town, and 
measuring 1200 yards each way. Once a year its banks 
are illuminated by (it is said) 100,000 lamps, while the 
idols oe the pagoda are drawn around it on a teppam 
or raft. 

MADURA, in High Javanese Madunten, an island - 
of the Kast Indian Archipelago, separated by the 
shallow strait of Madura from the east end of Jaya. 
It extends from about 112° 32’ to 114° 7’ Hi. Tong., and 
is divided into two nearly equal portions by the parallel 
of 7° S. lat.; the area is estimated at 2100 square 
miles. As the few travellers who have visited Madura 
have been for the most part content to follow the high- 
ways which, though running the whole length of the 
island, never strike very far inland either from the 
north or south coast, a considerable part of the country 
is but vaguely known to Europeans. It may be safely 
asserted, however, that the general configuration is 
fairly simple,—the island being a plateau-like prolon- 
gation of the limestone range of northern Java, with | 
frequent interchange of hill and dale, culminating to- 
wards the east in Gunong Pedjudan or Tambuko at a 
height of 1542 feet. Hot-springs are not unfrequent ; 
and in the valley between Gunong Geger and Bandjar 
lies the mud voleano of Banju Ening. ‘‘ Round the 
coast runs a girdle of tropical vegetation, broken only 
here and there by small white peaks with steep per- 
pendicular cliffs ;’’ but, except in a few alluvial tracts 
in the lower courses of the streams, the soil is thin and 
poor, and better fitted for pastoral than agricultural 
purposes. Maize is by far the most important of the 
crops; itis planted after rice in the non-irrigable sa- 
wahs, and often before it in the irrigable; in the tagal 
fields it is sometimes sown thrice in a single year, fre- 
quently along with katjang (various kinds of native 
beans). European enterprise has not yet invaded the 
island; there is only one sugar plantation, Tedjah, 
near Pamakasan, established in 1835. Much attention 
is paid to the rearing of ecattle,—the small Madura 
oxen being greatly prized in Java, and consequently 
forming a regular article of export. Petroleum is found 
in small quantities in all the departments, but the most 
valuable product of the island is its salt (hence perhaps 
the name Madura; Sansk. Mandura, salt). The man- 
ufacture, a Dutch Government monopoly, was formerly 
carried on in several places, as at Brantah and Bunder 
(where the salt pans now serve as fish ponds), but in 
1870 Sumenep was made the sole establishment for 
Java and Madura, and it still remains by far the most 
important, though its annual production of 875,000 
cwts. has since 1875 to be supplemented by Ragung 
and Pangaringan. The population of Madura was in 
1879 returned as 768,992,—472 Kuropeans (mostly at 
Maringan near Sumenep), 3702 Chinese, 1445 Arabs 
and other Orientals, and 763,373 natives. These last 
constitute one of the three great races of Jaya and 
Madura, and speak a distinct language, for which com- 
pare JAVA, vol. xiil. 

The following are the places of chief note in the island. 
Kamal at the southwest corner is the point where people 
usually cross from Java. Bangkalang is the large and 
flourishing chief town of Madura proper, with the old palace 
of the sultan and the residences of the princes of the blood; 
the mosque is adorned with the first three suras of the 
Koran, thus differing from nearly all the mosques in Java 
and Madura, though resembling those of western Islam. In 
the vicinity once stood the Erfprins fort. Arisbaya (less 
correctly Arosbaya) is the place where the first mosque was 
built in Madura, and where the Dutch sailors first made 
acquaintance with the natives. The once excellent harbor 
is now silted up. Ajermata, so called from its salt-springs, 
is the burial-place of the princes of Bangkalang. Pamaka- 
san, though a town of considerable extent, presents nothing 


the Vasanta or Puthu mantapam, which still exists in| worthy of notice apart from the regent’s residence. Sam- 
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pang, the seat of an important market, seems hardly so 
flourishing as in Valentyn’s days. The town or kota of 
Sumenep had 15,000 inhabitants in 1846; and there are 
populous Malay, Arab, and Chinese villages between the 
town and the European settlement of Maringan. On a hill 
in the neighborhood, with a fine outlook over the Bay of 
Sumenep, lies Asta, the burial-place of the Sumenep princes ; 
and Naté Kusuma’s mausoleum excels everything of the 
kind in Java. 

Madura formerly consisted of three native states—Ma- 
dura or Bangkalang, Pamakasan, and Sumenep. Dutch 
authority was represented by an assistant resident, and the 
whole island considered part of the Juva residency of Sura- 
baya. The separate residency of Madura was constituted 
in 1857. On the death of the second sultan of Bangkalang 
(1847) the title had been reduced to that of paneinbahan ; 
and in 1872 the new ruler was deprived of the right of col- 
lecting taxes, and made a government pensioner, while his 
territory was split into the two Dutch “departments” of 
Madura and Sampang. The sultan of Sumenep was in like 
manner succeeded by apanembahan in 1853; and the death 
of the panembahan in 1879 afforded an opportunity of en- 
larging the Government control. There are thus four “de- 
partments” in Madura,—Pamakasan, Madura, Sumenep, 
and Sampang. ‘The first three are also regencies, and the 
fourth a subregency of Bangkalang; but Pamakasan alone 
has the full regency organization. The number of village 
communities is 1271. 

The best systematic account of Madura will be found in Profes- 
sor Veth's Java, vol. iii., the aad sheets of w hich have, by the 
author’s courtesy, been consulted for this article. See also Blee- 
ker, in Indisch. Archief., i., and Tijds. van Ned. Ind., ix.; C. de 


Grootin Nat. Tijds. van Ned. Ind., iv.; Hoevell, Reis over Java, ii. ; | 


Zollinger, “ Jets over de Nat. geschied. van Madura,” in N. Tijds. 
van Ned. Ind,, xvii.; Jukes, Voyage of the“ ’ly ;” and Hageman in 
Tijds, van Ned, Ind., 1858. 


MAICENAS, C. Crintus, is, from two different 


points of view, a prominent representative man of the 
ancient world. e was the first, and one of the most 
capable and successful, of those who filled the oftice of 
a vreat minister under the Roman empire. He was 
also, if not the first, certainly the most fortunate and 
influential among the patrons of Roman literature. It 
is in the latter capacity that he is best known. Among 
all the names, royal, noble, or otherwise eminent, as- 
sociated with the patronage of letiers, none either in 


ancient or modern times is so familiarly known as that | 


of Meecenas. Yet, if we had any contemporary his- 
tory of the establishment of the empire, possessing the 
same 
and Horace possesses, it is probable that his influence 
in shaping the political destinies of the world would 
have been as amply recognized as his influence on its 
literature. 

The date and place of his birth are unknown. 
first appears in history in the year 40 B.c., when he is 
employed by Octavianus in arranging his marriage with 
Sceribonia, and afierwards in negotiating, along with Pol- 


lio and Cocceius Nerva (‘‘aversos soliti componere ami- | 


eos,”’ Hor., Sut.,i. 5, 28), the peace of Brundisium, and 
the reconciliation with Antony, which was confirmed by 
the marriage of the latter with Octavia. From the 


fact that he was then the most trusted friend and agent | 


of the future emperor it is likely that he had been 
associated with his fortunes from the time when he 
came forward to claim his inheritance after the death 
of Julius Caesar; and expressions in Propertius (ii. 1, 
25-30) seem to imply that he had borne some share in 
the campaigns of Mutina, Philippi, and Perusia. He 
‘may have been a few years older than Octavianus, who 
began to play the foremost part in Roman politics be- 
fore he was twenty years of age. The men of the Au- 
gustan ave great in action and literature were all born 
within a few years of one another. Agrippa, the right 
hand of Augustus in war as Maecenas was in peace, 
was born in the same year as his master; and 
there is no indication in the relations of Maecenas to 
Augustus or to his friend Horace that he stood towards 
either of them in the relation of an older to a younger 
man. Although the place of his birth is unknown, we 
learn from Horace and Propertius that he prided him- 
self on his ancient Etruscan lineage, and claimed de- 
scent from the princely house of the Cilnii, who, as is 


ermanent interest which the poetry of Virgil | 


He. 
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|recorded by Livy (x. 3), excited the jealousy of their 
townsmen by their preponderating weaith and influence 
at Arretium in the 4th century before our era. He 
probably prized the glories of his paternal and mater- 
nal ancestry (Hor., Sat., i. 6, 3) as compensating him 
‘tor his original social inferiority to the members of the 
great Roman houses; and the fact dwelt on so promi- 
/nently by his panegyrists, that, through all his life he 
preferred the position of a great commoner to. the new 
honors of the senate and of the Roman magistracies, 
may have been the result as much of' pride in his pro- 
vincial ancestry as of a politic desire to disarm the 
| jealousy of his master or of the Roman aristocracy. 
Cicero, in his defence of Cluentius, speaks of aC. Mee- 
cenas as one of the most substantial members of the 
equestrian order during the tribunate of Drusus (91 
B.C.), and as one of those who preferred the position 
their fathers had enjoyed before them to the higher 
rank obtainable through office (Cic., Cluent., 56, 153). 
| From the identity of the preenomen and the rarity of 
| the cognomen it is not unlikely that he may have been 
‘the grandfather, or perhaps the father, of the future 
minister. It was in accordance with the policy of 
_ Julius Ceesar to choose his confidential friends from men 
| of this order, as he chose his tools from a less reputable 
class; and the two most trusted friends and ministers 
of his successor would both have been regarded as 
“novi homines’’ by the representatives of the great 
senatorian families. ‘The testimony of Horace ( Odes, 
ill. 8, 5) arid his own literary tastes imply that he had 
profited by the highest education of his time. His 
great wealth may have been in part hereditary, as there 
was no district of Italy in which the inequalities of 
wealth and station were greater than in Ktruria;' but 
he owed his position and influence in the state to his 
‘early adherence to and close connection with Augustus. 
Among the charges brought against him by Seneca, 
one of the most prominent is that he had been spoiled 
by his excessive good fortune. 

From the year 40 B.c. his influence as the confiden- 
tial adviser of Octavianus seems to have been thor- 
oughly established. It was in the following year that 
Horace was introduced to him, and he had before this 
received Varius and Virgil into his intimacy. In the 
‘* Journey to Brundisium,’’ which took place in the 
| year 37 B.c., Maecenas and Cocceius Nerva are described 
as ‘‘missi magnis de rebus uterque Legati,’’ and were 
again successtul in patching up, by the treaty of Taren- 
tum, a reconciliation between the two claimants for 
supreme power. 


During the Sicilian war against Sex- 
/tus Pompeius in 36 B.c., he was sent back to Rome, 
‘and was entrusted with supreme administrative control 
in the city and in Italy. He is again found acting as 
vicegerent of Octavianus during the campaign of Ac- 
‘tium, when with great promptness and secrecy he 
crushed the conspiracy of the younger Lepidus; and 
' during the subsequent absences of his chief in the proy- 
inces he held the same position. During the latter 
years of his life he fell somewhat out of favor with his 
master, or his services were less needed. Perhaps the 
freedom with which, in the earlier stages of his career, 
he had offered advice and told unpleasant truths had 
become distasteful. One cause for a comparative cool- 
ness between the old friends was said to be the empe- 
ror’s relations with Terentia, the wife of Meecenas, to 
whom he was uxoriously attached. Perhaps the ennw 
resulting from the cessation of a life of constant vigi- 
lance and activity may account for the state of sleepless 
restlessness and fever in which he passed the last three 
years of his life. He died in the year 8 B.o., leaving 
the emperor heir to his wealth, and affectionately com- 
mending his friend Horace, who only survived him a 
few days, to his protection. 

Opinions were much divided in ancient times as to 

1 The lines of Propertius (iv. 8, 27-8)— 

Et tibi ad effectum vires det Cesar et omni 
Tempore tam faciles insinuentur opes— 


show that his position under the empire also brought very sub- 
stantial additions to his original fortune. 
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the personal character of Mzecenas; but the testimony 
as to his administrative and diplomatic ability was 
unanimous. He enjoyed the credit—or discredit, as 
the adherents of the republic must have regarded 1t— 
of sharing largely in the establishment of the new order 
of things,’ of reconciling parties, and of carrying the 
.new empire safely through many dangers. 'T'o his in- 
fluence especially was attributed the humaner policy of 
Octayianus after his first alliance with Antony and Le- 
pidus. Even Seneca, who shows a very bitter animus 
against him, admits that he deserved the credit of 
clemency,—although he attributes it to effeminacy 
rather than to true humanity. The highest tribute 

aid to him in his capacity of minister is to be found 
in the least eminent of the poets whose genius he fos- 
tered. ‘‘The true trophies of Meecenas,’’ says Pro- 

ertius, ‘‘ will be his loyalty.’’? And in another elegy 

e addresses him as ‘‘ fidele caput.’’ One great testi- 
mony both to his loyalty and to his tact is the saying 
of Augustus, when he had made public the scandal 
concerning his daughter Julia, ‘‘that all this would 
never haye happened if Agrippa or Meecenas had 
lived’’ (Sen., Ve Ben., vi. 82). The only instance in 
which he is said to have acted with indiscretion as a 
minister was his betrayal to his wife Terentia of his 
knowledge of the conspiracy in which her brother Li- 
cinius Murzena was involved. 

The best summary of his character as a man and a 
statesman is that of Velleius (ii. 88), who describes 
him as ‘‘in critical emergencies of sleepless vigilance 
far-seeing and knowing how to act, but in his relax- 
ation from business more luxurious and effeminate 
than a woman.”’ ‘The latter is the aspect of his char- 
acter on which Seneca chiefly dwells. He draws 
attention to the enervating effect which his good for- 
tune had eyen on his literary style. We need not ask 
how far ‘‘the stately mansion on the Esquiline’’ out- 
did in luxury the ‘‘ gardens of Seneca the millionaire ”’ 
( “‘Senecee praedivitis hortos’’ ).2 Maecenas was cer- 
tainly a man who combined an epicurean love of pleas- 
ure with a thorough devotion to business; and verses 
of his own are quoted against him indicative of an 
unmanly clinging to life after the loss of all that makes 
lite valuable. These may have been writtenin the 
feverish unrest of his last years, when he way mo 
longer himself; but expressions in the Odes of Horace 
(ii. 17, 1), written at a much earlier period, seem 
to imply that he was deficient in the robustness of 
fibre characteristic of the average Roman. His style 
of dress and his indolent lounging walk exposed him 
to animadversion; and the Maltinus of Horace’s 
Satires (i. 2, 25) was supposed by some ancient com 
mentators to be a sketch of the great man, drawn 
before the poet was admitted to hisintimacy. Prob- 
ably there may have been some affectation or politic 
dissimulation in this assumption of a character so alien 
to the standard of the aspirants to public honors at 
Rome. It was an exaggerated form of that indiffer- 
ence to appearances and conyentionalities which made 
him satisfied with the position of an eques, and 
induced him to choose his intimate associates from 
poets of obscure and provincial origin. His ambition 
was to be the second man in the empire, and to enjoy 
the reality without the show of power. A similar 
character is attributed by Tacitus to Sallustius Cris- 
pus, who, after the death of Mzecenas, most enjoyed 
the favor of Augustus. 

His character as a munificent patron of literature is 
not only acknowledged gratefully by the recipients of 
it in his own time, but is attested by the regrets of 
the men of letters of a later age, expressed through 
the mouths of Martial and Juvenal. His patronage 
was exercised, not from vanity or a mere dilettante 
love of letters, but with a view to the higher interest 

1 This is implied by the long speech which Dion Cassius puts 
into his mouth, recommending the establishment and prompting 
the policy of the new empire (Dion Cass., lii. 1440). 

2 Propert., El., iv. 9, 34; ii. 1, 36. 
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of the state. He recognized in the genius of the 
poets of that time, not only the truest ornament of 
the court, but a power of reconciling men’s minds to 
the new order of things, and of investing the actual 
state of affairs with an ideal glory and majesty. The 
change in seriousness of purpose between the Hclogues 
and the Georgics of Virgil was, in a great measure, 
the result of the direction given by the statesman to 
the poet’s genius. A similar change between the ear- 
lier odes of Horace, in which he declares his epicurean 
indifference to affairs of state, and the great national 
odes of the third book is to be ascribed to the same 
guidance. He endeavored also to divert the less mas- 
culine genius of Propertius from harping continually 
on his love to themes of public interest. 

But, if the motive of his patronage had been merely 
politic, it never could have inspired the affection which 
it did in its recipients. The great charm of Maecenas 
in his relation to the men of genius who formed his 
circle was his simplicity, cordiality, and sincerity. 
Although not particular in the choice of some of the 
associates of his pleasures, he admitted none but men 
of worth to his intimacy, and when once admitted they 
were treated like equals. That loyalty which was his 
own distinction in his public life was, if we may trust 
the evidence of Horace, the characteristic of his own 
relations to his intimates, and of their relations to one 
another. But, while loyal to all, to Horace he was 
bound by a closer tie. Among the great friendships 
of history, none is more certainly attested, or more 
honorable to both parties, than that between the poet 
and the statesman. Much of the wisdom of Maecenas 
probably lives in the Satzres and Mpistles of Horace. 

t has fallen to the lot of no other patron of literature 
to have his name associated with works of such last- 
ing interest as the Georgics of Virgil, the first three 
books of Horace’s Odes, and the first book of his 
Epistles. Such a fortune can scarcely have been alto- 
gether undeserved. Accepting as literally true the 
disparaging statements of Seneca, admitting the weak- 
ness, and perhaps the vanity, which were the blots in 
his character, and considering at the same time the 
difficulties of an unprecedented position, we must 
allow that few ministers of an irresponsible monarch 
have accomplished so much with such immunity from 


| the baser and more violent passions, for the gratifica- 


tion ‘of which that position holds out unlimited oppor- 
tunities. As a minister and friend of the emperor he 
compared favorably, both as regards capacity and char- 
acter, not with men of the stamp of Sejanus and 
Tigellinus, but with Seneca. Few men have used the 
influence of a grand seigneur with such enlightened 
beneficence, with such lasting results on human cul- 
ture and civilization, with such genuine simplicity and 
cordial loyalty. (w. Y. 8.) 
MAESTRICHT, or MaAastricut, the chief town 
of the province of Limburg, in the Netherlands, lies, 
as the name expresses, at the treché or crossing of the 
Maas (Meuse), where the Romans erected a military 
post on the road between Bagacum (Bayay) and Colo- 
nia Agrippina (Cologne). Aix-la-Chapelle is 18 
miles east-southeast, and Liége 18 miles south by west. 
The baths discovered in 1840 in the Groote Stokstraat 
show that the settlement at Trajectum ad Mosam 
became a place of some considerable importance. The 
town is divided by the river into two parts—the 
larger portion, or Maestricht proper, on the left bank, 
and the smaller portion, distinguished as Wijk, on the 
right. A stone alee of eight arches connecting the 
two took the place of a wooden structure as early as 
1280, and was greatly improved in 1828 and 1836. 
Formerly a fortress, Maestricht is still a considerable 
garrison town, but its ramparts were dismantled 1871— 
78; formerly the seat of a bishop, it still bears a 
strongly Roman Catholic impress; and, in modern 
times more especially, it has developed into a great 
centre of commerce and industry. e churches and 
religious foundations are almost the only buildings of 
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note, the chief exceptions being the town-house, com- 

leted in 1683, and the solitary Protestant church, 

anskerk (13th century). The church of St. Serva- 
tius was, according to one account, rebuilt and enlarged 
as early as the time of Charles the Great. Itis now 
260 feet in length, and in the varied character of its 
Gothic architecture bears evidence of the frequency 
with which it has been restored and altered. The high 
altar has a great Descent from the Cross by Anthony 
Vandyck. The saint whose name it preserves 
obtained great reputation in Maestricht by transferring 
his bishopric thither from Tongres, and his miracle- 
working relics became the occasion of a great septennial 
fair which was formerly of great service to he city. 
The Church of Our Lady (Lieve-Vrouwe-kerk), pos- 
sibly founded in the 6th century, has two very ancient 
crypts and an 11th century choir of exceptional beauty, 
but in the nave has suffered severely from a restora- 
tion in 1764. St. Matthyskerk was founded by the 
cloth-weavers’ guild in the 13th century ; and, though 
the present Gothic building of St. Martins’ (in Wijk) 
was erected so late as 1859, the original church was 
one of the oldest in the city, and is said by tradition 
to have oceupied the site of one of the old heathen 
temples. The twelve hospitals, the poor-house, the 
orphanage, and most of the other charitable founda- 
tions are Roman Catholic institutions, and neither the 
‘administrative bodies nor the educational establish- 
ments are free from ecclesiastical influence. Though 
Maestricht is no doubt mainly indebted for its com- 
mercial prosperity to its position on the river, it did 
not begin to reap the full advantages of the situation 
till the removal of the fortifications and the opening 
of the railways (Aix-la-Chapelle, 1853; Hasselt, 
1856; Liége, 1861; Vanlo, 1865, ete.), At first a 
trade was carried on in wine, colonial wares, alcoholic 
liquors, and salt ; but now, besides Regot’s well-known 
earthenware, glass, and crystal factories, there are 
establishments for the making of arms, tools, lead, 
copper, and zinc work, ete., as well as tobacco and 
cigar factories. The Maestricht beer also is highly 
esteemed. The population, which was 18,000 in the 
beginning of the century, was 28,918 on January 1, 
1882. 

Maestricht was taken and plundered by the Normans (881 
and 884), by Bishop Henry of Guelders (1267), by Adolph de 
la Marck (1334), and by the people of Liége (1407) and (1408). 
In the war with Spain it, was successively besieged by the 
Spaniards, the prince of Orange, Prince Maurice, and Fred- 
erick Henry (1579, 1580, 1594, 1632), and in the struggle 
between Louis XIV. of France and William III. and again 
during the French Revolution and the Napoleonic period, 
it paid the penalty of its frontier position—witness the 
sieges of 1673, 1676, 1701, and 1793. During the revolution 
of 1830 it was invested by the Belgians. Among the more 
peaceful memories of the place is the marriage of Otto IV. 
with Mary of Brabant. The people of Maestricht have a 
special dialect of their own;! but French and Dutch are in 
use among the upper classes. In the neighborhood of the 
town are the great sandstone quarries of Petersberg, one of 
the most extraordinary labyrinths of subterranean excaya- 
tion in the world. 


MAFFEI, Francesco Scrpronr, MArcuEsr DI 
(1675-1755), Italian archeologist and man of letters, 
was born at Verona on June 1, 1675. He studied for five 
years in Parma at the Jesuit college, and afterwards 


1 While the North Limburg dialects, says Professor Gallée of 
Utrecht, are largely corrupted with Dutch forms and words, the 
Maestricht or South Limburg dialect (to which those of Hasselt, 
St. Fruiden, and Sittand are nearly akin) has remained compara- 
tively free from such admixture. Its phonology is peculiarly 
interesting both in itself and because its history can be traced to 
an early date by authentic documents. The Old Frankish psalms 
and the Limburg sermons are written in it; and it was also the 
original dialect of the St. Servatius Legend (ed. by Bormanns) 
now transcribed in the Belgian penton dialect, and of Veldeke’s 
Aneid (ed. by Behoghel), now in Middle High German. About 
these works consult Cosyn, Taal en letterbode iii., v., vi.; and in 
regard to the modern dialect Mone’s Anz. fiir Kunde der teutschen 
Vorzeit, 1836; Belgisch. Museum, ili.; Franquinet in Jager’s Archies, 
iii.; and Winkler’s Nederduwitsch en Friesch dialecticon, i. Specimens 
will be found in Firmenich’s Volkerstummen and Leopold’s Van de 
Schelde tot de Weichsel. 
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from 1698 at Rome; and in 1703-4 he took part asa 
volunteer in the war of succession, fighting on the Ba- 
varian side at Donauwerth. In 1709 he began at Padua 
along with Apostolo Zeno and Valisnieri the Giornale 
det letterati d Italia, a literary periodical which had 
but a short career; and subsequently an acquaintance 
with the actor Riccoboni led him to exert himself’ for 
the improvement of dramatic art in Italy. His Merope, 
a tragedy, appeared in 1713; Teatro Italiano, a small 
collection of works for presentation on the ‘stage, in 
1723-25; and Le Ceremoiie, an original comedy, in 
1728. Irom 1718 he became specially interested in the 
archzeology of his native town, and his investigations 
resulted in the valuable Verona Jllustrata (1731-32). 
Maffei afterwards devoted four years to travel in France, 
England, Holland, and Germany. He died at Verona 
on February 11, 1755. A list of his very numerous 
works will be found in the Biographie Générale. A 
complete edition of them appeared at Venice (28 vols. 
8vo.) in 1790. 

MAFRA, a town of Portugal, in the province of 
Estremadura and the district of Lisbon, fies near the 
Atlantic coast, about 20 miles to the northwest of Lis- 
bon, and had a population in 1878 of 3231. It is remark- 
able for its cloister-palace, built by John V. in 1717-32, 
in consequence of a vow made during a dangerous 
illness to ‘build a convent for the poorest friary of the 
kingdom,—which proved to be a small Franciscan 
settlement here. The architect, Ludovici, took the 
Escorial for his model; but the imitation is still less 
successful than the original. The building, which is in 
the form of a parallelogram measuring upwards of 800 
feet from aia to south and 700 feet from east to west, 
is said to contain 866 rooms, and to be lighted by no 
fewer than 5200 windows. ‘The centre is occupied by 
the domed church, sumptuously built of marble, and 
richly adorned with statues and other objects of art. 
The conventual buildings (which are no longer used as 
such) contain 300 cells; and the library numbers 30,000 
volumes. Adjoining the palace are fine gardens and 
pleasure grounds. 

MAGDALA (more correctly Makdala), a natural 
stronghold in the country to the south of Abyssinia, 
situated about 200 miles inland from the Gulf of Aden, 
in 11° 22’ N. lat. and 39° 25’ EK. long. The basaltic 
plateau of which it consists rises 9110 feet above the 
level of the sea, and forms along with the neighboring 
height of Salassye (9160 feet), with which it is connected 
by the ridge of Salamgye (8650 feet), a comparatively 
small and narrow outrunner ofthe Amara Seint plateau. 
It is about three quarters of a mile in length by less 
than half a mile in breadth, and lies more than a thou- 
sand feet higher than the neighboring plain of Arogye. 
To the south runs the Kukullo Ravine and to the north 
and the west the Bashilo and the Wark Waha Ravines, 
all of which ultimately drain into the Abai, and thus 
belong to the basin of the Nile. Chosen by King Theo- 
dore of Abyssinia as his principal stronghold in the 
south, Magdala owes its celebrity to the fact that, as 
the place of imprisonment of the English captives, 
it became the goal of the great English expedition of 
1868. At the time of its capture it contained huts for a 
permanent population of about three thousand, a royal 
residence of the most meagre pretensions, a still more 
insignificant church, and a large treasure-house stored 
with arms, ecclesiastical furniture, and vast quantities of 
Abyssinian manuscripts. The whole rock was burned 
bare by order of Sir Robert Napier, and on the depar- 
ture of the English it was seized by Mastwat, queen of 
the Wollo Gallas, in whose country it is situated. 

See Markham, History of the Abyssinian Expedition, 1869; 


and Rassam, British Mission to Theodore, 1869. Both contain 
plans and views of Magdala, 


MAGDEBURG, the capital of the Prussian province 
of Saxony, ‘and one of the strongest fortresses in Ger- 
many, is situated in 52° 8’ N. lat. and 11° 40’ E. long., 
mainly on the left bank of the Elbe, which here divides 
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into three branches. It consists of the town proper 
and of the four suburbs of Friedrichstadt, Neustadt, 
Sudenburg, and Buckau; the last three of these are 
separated from the town by the ramparts and glacis, 
but are all included within the new line of advanced 
bastions. In the Elbe, between the old town and the 


Friedrichstadt, lies an island called the Werder, occu- 
pe by the citadel, and united with both banks by 
ridges. 


With the exception of the Breiter Weg, a 


gdeburg. 


7. Rathhaus. | 
8. St. John’s 


St. James’s 
Chureh. 


2. Walloon Church, Church. | 14. Higher Courts. 
3. St. Catherine's. 9. School of Art. 15. Post-Offices 
4. St. Peter’s. 10. St. Ulrich’s 16. Government 
5, Statue of A. W. Church. Buildings. 
Franke. 11. Town Theatre. 17. Cathedral. 
6. Statue of Otho the | 12. St. Mary’s (Lieb- 
Great. frauenkirche). 


handsome thoroughfare running from north to south, 
the streets of the town proper are narrow and crooked. 
Along the Elbe, however, extends a fine promenade 
named the Fiirstenwall, at one end of which stands a 
monument in commemoration of the Franco-German 
war. ‘T'o the south of the inner town is the Friedrich- 
Wilhelm’s Garten, a beautiful park laid out on the 
site of the celebrated convent of Bergen, which was 
founded in 937 and suppressed in 1810. By far the 
most important building in Magdeburg is the cathedral, 
a handsome and massive structure of the 13th and 
14th centuries, exhibiting an interesting blending of 
Romanesque and Gothic architecture. The two fine 
towers were completed about 1520. The interior con- 
tains the tombs of Otho the Great and his wife Editha, 
an English princess, and the fine monument of Arch- 
bishop Hrnest, executed in 1497 by Peter Vischer of 
Nuremberg. The Liebfrauenkirche, the oldest church 
in Magdeburg, is an interesting Romanesque edifice 
of the 12th and 13th centuries. The chief secular 
buildings are the town-hall, built in 1691 and enlarged 
in 1866, the theatre, the governor’s house, the central 
railway station, and the exchange. The Breiter Weg 
and the old market contain numerous fine private 
houses in the style of the Renaissance. In front of 
the town-hall stands an equestrian statue of the em- 
peror Otho the Great, erected towards the close of the 
13th century. The favorable situation of Magdeburg, 


18. Dutch Reformed 
Church, 
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in the very heart of Germany, and on the Elbe below 
/all its principal affluents, has made it one of the most 
important commercial towns in the empire, and it is 
also the focus of several important railways. The chief 
‘articles of commerce are agricultural and colonial pro- 
ducts, manufactured goods, and wine. The town and 
its suburbs contain numerous manufactories of woollen, 
cotton, and silk goods, sugar, spirits, tobacco, organs, 
and pianos, chocolate and chicory. Magdeburg is the 
head-quarters of the 4th corps of the German 
army, and the seat of the provincial court of ap- 
peal and administrative offices, of a Lutheran 
consistory, and of a superintendent general of 
the Kyangelical (Reformed) Church. It also 
contains two gymnasia, two ‘‘ Realschulen,”’ 
schools of art, medicine, surgery, and mining, 
and numerous scientific and charitable institu- 
tions. The population of Magdeburg in 1880 
was 97,539, or, including Neustadt and Buckau, 
137,109. 


Magdeburg, which was in existence as a small 
trading settlement at the beginning of the 9th cen- 
tury, owes its early prosperity chiefly to the emperor 
Otho I., who established a Benedictine convent here 
in 937 (see above). In 968 it became the seat of an 
archbishop, who was also primate of Germany, and 
exercised sway over an extensive territory By the 
13th century Magdeburg had become a flourishing 
commercial town and an important member of the 
Hanseatic League. Its bench of sheriffs (Schéppen- 
stuhl) became celebrated, and “ Magdeburg law,” se- 
euring the administrative independence of munici- 
palities, was adopted in many parts of Germany, 
Poland, and Bohemia. During the Middle Ages the 
citizens were almost constantly at variance with the 
archbishops, and by the end of the 15th century had 
become nearly independent of them. It should, 
however, be noted that Magdeburg never became a 
free city of the empire. The town embraced the Ref- 
ormation in 1524, and was thenceforth governed by 
Protestant administrators or archbishops. On the 
refusal of the citizens to accept the ‘“ Interim,” 
Magdeburg was besieged by Maurice of Saxony in 
1550, and capitulated in 1551 on favorable terms. 
During the Thirty Years’ War the city was twice 
besieged and suffered terribly. It successfully re- 
sisted Wallenstein for seven months in 1629, but was 
stormed and sacked by Tilly in 1631. The whole 
town, with the exception of the cathedral, the 
Frauenkirche, and about 140 houses was burned 
to the ground, and 30,000 of its 36,000 inhabitants 
were butchered without regard to age or sex. The 
town recovered from this deadly blow with wonderful 
rapidity. In 1648 the archbishopric was converted 
| into a secular duchy, to fall to Brandenburg on the death 
of the last administrator, which happened in 1680, In 
1806 Magdeburg was taken by the French and annexed to 
the kingdom of Westphalia, but it was restored to Prussia 
in 1814, on the downfall of Napoleon. Otto von Guericke, 
the inventor of the air-pump, was burgomaster of Mag- 
deburg at the time of Tilly’s siege. Carnot died here 
in exile, and is buried in the cemetery, and Luther was at 
school here and sang in the streets for bread with other 
poor choristers. 

See Rathmann, Geschichte der Stadt Magdeburg, 1800-17 ; 
Hoffmann, Chronik der Stadt Magdeburg, 1843-50; Barthold, 
Geschichte der deutschen Stadte, 1850. 


MAGELLAN, FERDINAND, in Portuguese FERNAO 
pe MaGALuaEs (ec. 1470-1521), who though he did not 
survive to return home with his ship, well deserves the 
title of the ‘‘first circumnayigator,’’ was born about 
1470, and (according to the somewhat questionable au- 
thority of his will, dating from 1504) at Villa de Sab- 
roza in the district of Villa Real, Traz os Montes. 
His family was ‘‘ hidalgo,’”’ and he seems to have spent 
his boyhood in the household of Queen Leonora, con- 
sort of John IT. of Portugal. For several years he 
was in active service in the Kast Indies. It was he 
who, in 1510, gave Siqueira timely warning of the plot 
of the people of Malacca, thus probably saving his 
countrymen from annihilation ; and, along with Ser- 
rano, he commanded the ships sent out under Abreu 
for the discovery of the Spice Islands. On his return 


MAGGIORE. 


from the East, Magellan was sent to Azamor in Moroc- 
co; and this brief episode in his career is memorable 
for the wound which left him lame for the rest of his 
life, and for the beginning of the troubles which de- 
termined his future course. Contrary to what he had 
a right to expect, the king (Manuel) refused Magellan’s 
application for an increase of the pay assigned to him 
as a member of the royal household; and the manner 


of the refusal added insult to what he considered | 


injury. In company with another malcontent of note, 
Ruy Faleiro the astronomer, he formally renounced 
his nationality, and went to offer his services to the 
court of Spain. | Word was no sooner brought to 
Manuel of the schemes proposed to the Spaniards 
than he felt the mistake he had- committed; but all 
the efforts put forth by the special agents to allure his 
alienated subjects back to their allegiance, or to 
thwart their negotiations, proved of no avail. The 


bishop of Burgos, Juan Rodriguez de Fonseca, had | 


taken the matter up, and things had gone too far for 
Magellan to retrace his steps. On August 10, 1519, 
the expedition set sail; to find his way by a western 
route to the Spice Islands of the Hast was the task 
which its commander had undertaken. When, more 
than three years afterwards, on September 6, 1522, the 
“‘Victoria’’ cast anchor ina Spanish port, the captain, 
Sebastian del Cano, had a strange tale to tell of min- 
gled triumph and tragedy. While the squadron lay 
in Port St. Julian, on the Patagonian coast, three of 
Magellan’s Spanish captains had defied him and con- 
spired against him, and it was only by a rapid execu- 
tion of summary vengeance that he had maintained 
his authority. At a later date the ‘‘ Autonio,’’ at the 
instigation of Gomez, the Portuguese pilot, his per- 
sonal enemy, sailed home to Spain with evil reports, 
at the very moment of success, when the Strait of the 
Eleven Thousand Virgins, or of the Patagonians, now 
known as the Strait of Magellan, had been explored 
almost to the Pacific. The strait was passed on No- 
vember 28, 1520; and, though Magellan had not quite 
reached the Spice Islands when he fell in conflict with 
the people of Zebu, 27th April, 1521, his task was 
virtually accomplished. The name Magellan’s Land— 
long given to Patagonia and that hypothetical conti- 
nent of which Tierra del Fuego was considered only a 
portion—had disappeared from our maps, but has 
again been bestowed by Chili on the territory she 
claims in the extreme south. 


No record of his exploits has been left by Magellan him- 
self; and contemporary accounts are less detailed and con- 
sistent than could be wished. The best is that of Antonio 
Pigafetta, a volunteer in the fleet. It is printed in Ra- 
musio, and exists in four early MS. copies, three in French 
and one in Italian. The Italian was printed in 1801 by 
Amoretti. Along with five minor narratives an English 
version appears in Lord Stanley of Alderley’s First Voyage 
round the World by Magellan, 1874 (Hakluyt Society’s Pub- 
lications, vol. lii). See also J.G. Kohl, Gesch. der Entdeckungs- 
reise... zur Magellan’s Strasse (Berlin, 1877), and Ramon 
Guerrero Vergara, Los descubridores del Estrecho de Magellanes, 
Santiago de Chile, 1880. 


MAGGIORH, Lao (French Lae Majeur ; in Ital- 
jan also frequently Lago Verbano ; Latin, Verbunus), 
is the westmost of the great lakes of northern Italy. In 
accordance with its popular name it has long been re- 


- puted the largest of them all; but though in length it 


« 


somewhat surpasses Lago di Garda, it does not cover 
so an extensive an area. Of the total surface of 82 
square miles, 65 belong to Italy, and the remaining 17 to 
the Swiss canton of aki or Ticino. The length 
from north to south, between 45° 43’ and 46° 10% N. 
at., is 38 miles; the breadth, generally between 2 and 
4 miles, is increased to 6 or 7 at the junction of the 
Toce valley on the west. The Ticino, the leading trib- 
utary of the Po, enters at one end of the lake and es- 
capes at the other. The very interesting geological 
problems which Lago Maggiore suggests are not yet fully 
cleared up. (See Taramelli, // cantone Ticino meri- 
dionale i t paest finitin’, Bern, 1880, forming vol. 
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xvii. of the materials for the geological map of Swit- 
zerland). The whole of the west side and the east side 
as far south as Val Travaglia are shut in by a region of 
gneiss and schists, while the remaining portion pre- 
sents dolomites, calcareous rocks, and conglomerates, 
mingled with strongly developed moraines. On Dutour's 
great map of Switzerland the greatest depth is given 
as 2801 feet, opposite Pino; but this is probably 
much in excess, as in G. B. Maggi’s topographical 
map of the lake (Turin, 1857), the highest figure reg- 
istered along the medial line is only 1233 feet between 
Barbe and Lavello, and at the laying of a telegraph 
line in 1860 Salis found no more than 337 between Vira 
and Locarno. The ordinary height of the surface 
above the sea is 
about 640 feet. 
Between the low- 
est and highest 
water-mark, how- 
ever, there is a 
difference in or- 
dinary years of 
nearly 12 feet, and 
in very exception- 
al cases of twice 
as much. For nos 
only is the Ticino 
subject to floods, 
but the lake re- 
ceives a number 
of considerable 
streams (the Toce, 
the Maggia, the 
Verzasca, the 
Tresa, ete.), and 
some of these 
bring down the 
surplus waters of 
other lakes—Lu- 
gano, Varese, and 
Orta. The flood 
of 1868, which exceeded by about 6 feet the greatest 
that had been known for centuries, so deepened and 
enlarged the outlet of the river that the level of the 
lake was permanently reduced by about a foot and a 
half, and alterations had to be made at the various 
ports to suit the new condition of things. (See Paolo 
Gallizia in Atti del Coll. degli Ingegn. ed Archit. in 
Milano, 1879.) At least twenty-three species of fish 
are caught in Lago Maggiore; and the fisheries are of 
value enough to be closely preserved by the proprietors. 
The principal towns and villages round the lake are 
the following—the first being in Switzerland, and the 
others in Italy: Locarno (population in 1880, 2645), 
at the mouth of the Maggia, one of the alternate capi- 
tals of the canton of Ticino ; Cannobio (2000), famous 
from the 15th century for its tanneries, and with paper- 
mills and silk works; Luino (2000), the original home 
of the Luini family, and the scene of one of Garibaldi’s 
exploits in 1867, commemorated on the spot by a 
statue of the victor; Laveno (1500), formerly an 
Austrian naval harbor; Intra (4500), a busy manu- 
facturing town—cotton, glass, silk, ete.; and Pallanza 
(4200), a flourishing little city with a large cathedral, 
a penitentiary, etc., and altogether the most important 
place on the lake. The celebrated BorRomEAN IsL- 
ANDS, lying off Pallanza, have been already described, 
vol. iv. p. 57; compare Medone, Le isole Borromee, 
with views by Falkenstein (Novara, 1840). As the 
St. Gotthard and St. Bernardino routes meet at Bel- 
linzona, much of the trade between Italy and the north 
used to pass by way of the lake and the highroads 
that skirt its banks; and the opening of the St. Gott- 
hard railway, which joins the Italian system at Pino on 
the east side, and goes as far as Locarno on the west 
side, will bring back some of the traffic which the 
earlier railways diverted into other channels. The first 
steamboat was launched on the lake in 1826. 


Lago Maggiore. 
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See P. Morriggia, Ist. della Nobilta del Lago Maqyiore ; Amo- 
retti, Viaggio ai tre laghi; Vagliano, Rive del Verbuno. 


a 

MAGHIANA, the chief town and headquarters of 
Jhang district, Punjab, India, is situated in 31° 177 N. 
lat. and 72° 21’ K. long., and had a population in 1868 
of 10,525 (Hindus, 5192; Mohammedans, 4698; Sikhs, 
306; and ‘‘ others,’’ 329). It has a considerable trade 
with Kandahar, large exports of country cloth, and a 
fluctuating business in grain from the fertile lowlands 
of the Ravi. The civil station les to the east of the 
town, and consists only of a court-house and treasury, 
sessions bungalow, jail, church, and three or four resi- 
dences of officials. Maghiina forms a single munici- 
pality with Jhang town, which lies 3 miles to the 
north. ‘The united population is 19,649. 

MAGIC? has its name from the mag7, Greek payor, 
the hereditary caste of priests among the 
ancient Persians, thought to be of Median 
origin (Spiegel, Avesta, vol. ii. p. vi.). 
Among the magi the interpretation of dreams was 
practised, as appears from the story of the birth of 
Cyrus (Herodotus, i. 107); later writers describe them 
in both a sacerdotal and magical capacity, Lucian 
(Makrob., 4) calling them a prophetic class and de- 
voted to the gods, while*Cicero (De Divinatione, i. 23, 
41) writes of them as wise men, augurs, and diviners. 
In such supernatural crafts the magi seem to have 
much influenced the Western nations, to judge by 
their name having passed into a set of classical terms 
(uayela, payebo, magia, magice, etc.) applied to sor- 
cery, enchantment, and occult science in general. In 
the New ‘l'estament soothsaying and sorcery are so 
designated (Acts vill. 9, xiii. 6); while the astrologers 
who divine the birth of the King of the Jews by the 
appearance of astar in the east are called magi (Matt. ii. ). 

‘he word magic is still used, as in the ancient world, 

to include a confused mass of beliefs and 
Sepia he: eb hardly agreeing except in being 
practices. | beyond those ordinary actions of cause and 
effect which men accustomed to their regu- 

larity have come to regard as merely natural. Thus 
magical rites are difficult even to arrange in systematic 
order. A large proportion of them belong properly to 
the general th ory of religion, inasmuch as their efhi- 
cacy is ascribed to the intervention of spiritual beings. 
Thus the ghosts of the dead are called up by the neero- 
mancer to give oracles or discover hidden treasures, or 
sent to enter men’s bodies and aftlict them with dis- 
eases or to cure them, or in a score of ways to do the 
behests of the magician, whose spells or incantations 
are thought powerful enough to control the will even 
of such divine beings as can drive the winds and give 
or withhold the rain. It must be noticed, on the other 
hand, that many magical arts show no connection with 
spirits at all, or, even if ghosts or demons or gods have 
to do with them, the nature of these beings does not 
of itself account for the processes employed or the 
effects believed to result. ‘This non-spiritual element 
in magic depends on imagined powers and correspon- 
dences in nature, of which the adepts avail themselves 
in order to discover hidden knowledge, and to act on 
the world around them by means beyond the ordinary 
capabilities of men. Thus by mere effort of will, by 
traditional formulas and rites, or by working on sym- 
bolic fancies, the sorcerer believes he can bewitch 
others to sickness or death, the astrologer reads the 
future in the aspects of the stars, the augur attends to 
omens from the cries of birds and beasts, the haruspex 
prophesies by the heart or liver of a slaughtered ani- 
mal, and other classes of diviners judge of the hidden 
past and the yet more hidden future ie the falling of 
lots or dice, the twitching of their own fingers or the 
tingling of their ears, and a host of other facts of na- 
ture which, as the educated world has now found out, 
have no practical connection with the magical meanings 
or effects assigned to them. The great characteristic 


Origin of 
term, 


1 The etymology of the word is seen in the terms “art magic,” 
or the “magie art’; French, art magique; Latin, magica ars, 
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of magic is its unreality. Its methods have often an 
ideal coherence which may be plainly traced, but prac- 
tical effect they have none, and so they may be altered 
or transposed without being made worse or. better. 
One remarkable consequence of this is the fixity with 
which some magical formulas framed thousands of 
years ago hold on almost unchanged to this day. To 
understand this, it must be borne in mind that, if 
there were any practical use in such rules as those 
for divining by the cries of animals, the old rules 
would have been improved by experience into new 
shapes. But, they being worthless and incapable of 
improvement, this motive of change is absent, and the 
old precepts have held their ground, handed on by 
faithful but stupid tradition, from age to age. When 
the test of practical efficacy comes in upon the magic 
art, it is apt either to destroy it utterly or to transform 
it into something more rational, which passes from 
supernatural into natural science. ‘ 

Magic is to be reckoned among the earliest growths 
of human thought.. The evidence for its 


remote antiquity lies partly in its presence Magic 
Paar of lower 
among all races of mankind, the ruder PACER. 


tribes especially showing it in such intel- 
ligible shapes that the beginnings of magical crafts 
may be fairly supposed to have arisen in the oldest 
and lowest periods of culture. An example may be 
taken from the wild natives of Australia, whose whole 
life is pervaded by the belief, and embittered by the 
terror, of sorcery. They imagine the sorcerers, armed 
with their mysterious power called boyl-ya, to come 
moving along in the sky, invisible except to other sor- 
cerers; they enter the bodies of men, and feed stealthily 
on them, not eating the bones, but consuming the flesh; 
the native feels the pain as the boyl-ya enters him like 
a bit of pointed quartz, and in this shape of quartz 
crystal the evil can be extracted by anatees sorcerer, 
The sorcerer has other means of attacking his victim: 
he can creep near to him when asleep, and bewitch 
him to death by merely poititing at him a leg bone of a 
kangaroo; or he can steal away his kidney fat, where, 
as the natives believe, a man’s power dwells; or he 
can call in the aid of a malignant demon to strike the 
poor wretch with his club behind the neck; or he can 
get a lock of hair, and roast it with fat over the fire 
till its former owner pines away too, and dies. The 
Australians, like other low tribes in the world whose 
minds are thus set on imaginary causes of death, hardly 
believe a man can die unless by being slain or bewitched. 
When a native dies what we call a natural death, they 
ascribe it to magic. Then other magic must reveal the 
hostile sorcerer who has done him to death: either the 
corpse itself will seem to push its bearers in the direc- 
tion of the murderer, or the flames of the grave-fire 
are seen to flicker towards where he is, or some insect 
will be seen creeping towards his home; and, when the 
next of kin thus discover the magic enemy, they set 
off to take vengeance with earthly weapons. The sor- 
cerer has kindlier duties when he sits by a sick man 
and charms and charms till he recovers, or sucks out 
the disease from his body in the shape of a stone spear- 
head or a fish bone, or brings out the ailment along a 
string, the other end of which he draws between his 
own lips till it is covered with blood, telling the by- 
standers (who believe it) that this blood came along 
the string out of the sick man. Not disease and cure 
only, but other events of life, come within the scope 
of native magic. Storm and thunder are the work of 
the sorcerers; they can bring rain and make the rivers 
swell, or burn up the land with drought. Shooting 
stars and comets are to the natives omens of disaster ; 
the great hawk’s ery in the night portends the death 
of achild, whose soul the bird is carrying off; but when 
a man’s finger-joints crack he stretches out his arm, 
for in that direction some one is doing him a kindness.? 
2 For these and other details see Grey, Journals of apes 8 
Waitz, Anthropologie der Naturvolker, vol. vi.; Brough Smyth, 
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Taken together, such a repertory of the demonology 
and witchcraft of a special group of savage tribes shows 
remarkable correspondence in principle with the magic 
which once flourished in the civilized world, and 
which still lingers in peasant folklore. The very de- 
tails often agree so much as to raise the question 
whether the magic of savages may sometimes have 
been borrowed from the lower class of colonists. 
The superstitions of the peasant are in fact what the 
savage would readily assimilate, as belonging to a state 
of mind like his own, and there is even evidence of 
European charms and omens haying been sometimes 
borrowed by native tribes of Australia or America. It 
was necessary to mention this, if merely to point out 
that such borrowing has been only slight and super- 
ficial. It in no way upsets the general principle that 
the magic of the lower races was developed among 
them, fitting as it does with their low level of knowl- 
edge. Hvyery book of travels in savage and barbaric 
countries shows the influence of the native magician, 
who, often at once sorcerer and established priest, and 
sometimes even chief of his tribe, by the aid of’ spirits 
and other supernatural means interferes in every act of 
life. Thus in the Pacifie islands the Europeans found 
a whole class of sorcerers living by making diseases, 
their method being the familiar one of burning or 
otherwise practising on some morsel of hair or remnant 
of food, so as to send disease into its owner, by a 
malignant spirit tying knots in his inside till he 
writhed with agony. Every sick man was a source of 
profit to the sorcerer who was believed to have brought 
on the diseases by burning his rubbish, and of course 
had to be bought off by liberal presents. In these 
Pacific islands a fact most important in the theory of 
magic everywhere comes into view with particular dis- 
tinctness—that such magical arts prove effective 
through the patient’s own imagination; when he 
knows or fancies he has been bewitched he will fall ill, 
and he will actually die unless he can be persuaded 
that he has been cured. Thus, wherever sorcery is 
practised with the belief of its victims, some system of 
exorcism or some protective magical art becomes, not 
only necessary, but actually effective, a mental disease 
being met by a mental remedy to match it.' At the 
discovery of America, the Spaniards found the native 
sorcerers throwing themselves into delirious ecstasy by 
snuffing a narcotic powder, their ravings in this state 
being held to be conversation with departed souls, 
through whose help they were able to cure the sick by 
expelling the disease. The class to which these sor- 
cerers belong extends over South America, and is 
generally known under the name of payé (or allied 
terms). The sorcerer is described as being initiated by 
living in some wild spot till by fasting and self-torture 
he attains his supernatural craft, becoming able to see 
spirits, to consecrate bits of bone or stone into power- 
ful amulets, to make good or bad weather, to gain 
mystic powers over familiar birds and beasts, to take 
omens from their cries or from the itching of his own 
skin, which latter symptom an Abipone diviner de- 
clared to portend an attack from a tribe of enemies, in 
spite of the missionaries, who irreverently set it down 
to fleas. The old arts of the payés, their malicious 
witcherafts with herbs and hair, the use of narcotics to 
produce ecstasy, and their mental excitement by drum- 
ming, rattling, and dancing. are still to be met with in 
the wild districts of Guiana and Brazil. In North 
America practitioners of the same kind are generally 
known as ‘‘ medicine-men,’’ from the French colonists 
calling them médecins, as being the native doctors ; 
the term is really appropriate to barbaric magicians in 
all parts of the Aon ; Phoke arts of causing and curing 
disease generally include considerable knowledge of 
herbs powerful as poisons and remedies, of simple 
stopping of wounds and bandaging hurt limbs, in fact 


2 See Ellis, Polynesian Researches ; Turner, Nineteen years in Poly- 
Le ag gate ‘anners and Customs of New Zealanders; Waitz, 
Vols, V., V. 
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of medicine in its elementary state, as yet not separated 
from the magic with which it was at first inextricably 
mixed up. ‘The medicine-man’s apparatus includes 
the sorcerer’s usual music, the ani and the drum, 
simple and primitive instruments whose constant asso- 
ciation with the lower magic bears witness to the be- 
ginnings of music and magic having been associated 
together when civilization was yet in its low stages of 
development. The American sorcerer carries a ‘‘ medi- 
cine-bag ’’ made with the skin of his guardian animal, 
which protects him in fight, cures the bites of serpents, 
and strikes at a distance as a spiritual weapon. He 
knows magic chants of power over the elements; he 
can by sucking and blowing extract disease-animals 
from the sick; he can make pictures and images and 
pierce them with thorns so as to kill the men or ani- 
mals they represent; and he can compel love by prac- 
tising on the heart of the picture of the beloved one.? 
In Africa the native sorcerer bears the name of 
mganga among the west and central negro tribes, 
nyanya among the Zulus of the south. He is the 
rain-maker, an office of the utmost importance among 
tribes who may perish of famine and disease after a 
long drought. In his craft a principal part is played 
by what the English in Africa (using the Portuguese 
word feitigo, charm or amulet) call ‘‘ fetiches,’’? which 
are claws, fangs, roots, stones, and any other odds and 
ends fancied to be inhabited by spirits or invested 
with superhuman power. These fetiches the negroes 
trust in for good and against evil fortune, with a confi- 
dence which no failure can shake further than to cause 
the unlucky bearer to discard a particular fetich which 
has failed, and to replace it by a more successful one. 
The African mganga has intercourse with demons ; 
and, being called on every day to predict the fortune 
of a fight or bargain, or to discover lost or stolen cat- 
tle, he professes to gain information from the spirits, 
or uses his various modes of divination, such as taking 
omens from the cries of the eagle or the owl, the 
swimming of berries, or the moving of sticks in his 
own hands as they twitch spasmodically in nervous ex- 
citement. As with magicians everywhere, his trade is 
profitable but dangerous, for if his arts of killing haye 
ees successful beyond bearing, or still worse if public 
opinion decides that he has wilfully withheld the rain, 
he may be drowned or burned as miserably as one of 
the many victims he has done to death.* These in- 
stances are selected to give an idea of the sorcerers of 
the lower races and their modes of working, which are 
remarkable for their uniformity in the most distant re- 
gions, among tribes who can have had no communica- 
tion or connection since remote ages. Where, how- 
ever, such races as the African negroes come in con- 
tact with such foreigners as the Arabs, who though 
more civilized than themselves have not outgrown the 
magical stage, they borrow their more cultured magical 
arts, such as divination by lots. In this way the na- 
tives of Madagascar appear to have borrowed from the 
Arabs a system of lucky and unlucky days of birth, 
which, carried out with stupid ferocity, has cost the 
lives of thousands of children, born truly in an evil 
hour, for when the magician declares their birth ill- 
omened their fate is settled at once by putting them to 
death.‘ 

Turning now to the cultured nations of antiquity, 
among whom the art of writing consoli- 
dated and developed false as well as true 
science, we find magic in full vogue, hardly 
differing in principle from that of the illiterate barba- 
rians, but worked into more elaborate system and 
ritual. Of ancient Egyptian magic various oriyinal 
documents have been preserved, containing formulas, 


Egyptian 
magic. 


2 See Waitz, vol. iii.; Martius, Ethnographie Amerikas ; Letters of 
Columbus; Dobrizhoffer, Abipones; Schoolcraft, Indian Tribes of 
North America, 

3 See Burton, Lake Regions of Central Africa; Wood, Natural 
History of Man, vol. i.; Callaway, Religious System of Amazulu, ete. 

4 See Ellis, Madagascar, vol. ii. chaps. vi. xv.; Dahle in Anta- 
nanarivo Annual, 1876. 
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mostly of religious magic, 


that is, acting through the | side. 
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Those seven evil spirits he shall root out, and 


aid of deities invoked. For instance, there are hymns. shall expel them from his body ; and those seven shall 


against dangerous animals in the water, and spells for | 
remaining in the country; and the power ascribed to) 


such formulas appears from passages like the follow- 
ing: ‘‘1 confide in the efficacy of that excellent 
written book given to-day into my hand, which repels 
lions through fascination, disables men, ee 
which muzzles the mouths of lions, hyenas, wolves, 
BY grea bs the mouth of all men who have bad faces, so 
as to paralyze their limbs,’’ ete. Ancient as Hgyptian 
magic is, it has evidently grown up from still earlier 
forms, as is shown by that plainest symptom of old tra- 
ditional lore, the relying on ancient or foreign epithets 
as words of power over the gods. his practice ap- 
pears in the ancient papyri, and goes on to later ages, 
when the god Set is nvoked by other mystically pow- 
erful names which he must obey, such as ‘‘ Joerbeth.”’ 
The medical art in ancient Egypt shows an interesting 
combination of practical and magical remedies. The 
practical recipe might contain nitre or cedar chips, or 
deer horn, or various other ingredients administered 
in ointment or drunk in beer, but with this the magi- 
cal formula was also required to deal with the demon- 
cause of the ailment. Thus an emetic was given with 
the following formula, ‘‘O demon, who art lodged in 
the stomach of M., son of N., thou whose father is 
called Head-smiter, whose name is Death, whose name 
is cursed forever!’’ ete. It must be remembered that 
such formulas, foolish as they seem to modern educa- 
tion, had and still have great efficacy in relieving the 


mind of the superstitious patient, and giving a fair) 
formation t 


chance to diet and medicaments. Their appearance 
in medicine so ancient as that of Hgypt is good histori- 
cal evidence how the old magical treatment was en- 
croached upon by natural remedies, though then and 
for many ages afterwards the physicians, wise in their 
generation, thought it best not to discard the super- 
natural charm. The Egyptians divided out the limbs 
and organs of the human body, putting each under 
the special care of a god, a system which, like many 
other details of their magic, has lasted on to the mod- 
ern world. From the astrological point of view they 
made a calendar of lucky and unlucky days, according 
to which for instance on the 19th of the month Athor 
one must not embark on the Nile, while a child born 
on the 5th of the month Paopi will be killed by a bull; 
traces of this set of precepts may be discerned still in 


the modern Egyptian almanac. Another eee desery- 
ing attention is the appearance in early Hgypt of the 


distinction between good and bad magic. Magical 
curative arts were practised by learned scribes or 
priests, and were doubtless in high esteem, but when 
it came to attracting love by charms or philtres, or 
paralyzing men by secret arts, this was held to be a 
crime. As long ago as the time of Rameses IIL. it is 
recorded that one Hai was accused of making images 
and paralyzing a man’s hand, for which he was con- 
demned to death ; this was doubtless the ordinary be- 
witching by an image or picture, here already men- 
tioned among the lower races, and to be mentioned 
again as not forgotten among ourselves. ! 

Still more prominent among the ancient nations who 
Babylo- brought magic into its pseudo-scientific 
nian-Assy- stage were the Babylonians, whose super- 
man maste- natural arts were adopted and continued 
among the Assyrians. No savage tribe ever filled 
their world with more swarming hosts of nature-spirits 
and demons; only these more cultured nations dealt 
systematically with them by set formulas of propitia- 
tion and expulsion. ‘The cuneiform writings preserve 
numerous documents of this kind, such as ‘‘ From the 
burning spirit of the entrails which devours the man, 
from the spirit of the entrails which works evil, may 
the king of heaven preserve, may the king of earth 
preserve !’’—‘‘ The god . . . . shall stand by his bed- 


1 Records of the Past, vols. vi., x.; Maspero, Hist. Anc. des Peuples | 


del Orient, p. 84; F. Chabas, Le Papyrus Magique Harris. 


never return to the sick man again.” The magic 

power believed to reside in the secret names of the 

gods was recognized by the Babylonians, one of whose 

famous myths relates how by the utterance of these 

mystic names the goddess Ishtar was delivered from 

Hades. In the rites of the magician priests, this kind 

of supernatural power resided in sacred texts, whether 

chanted or tied on as_phylacteries. In divinatory 

magic the Babylonians had elaborate codes of rules, 

of which many have been preserved. Thus omens 

were drawn from prodigies, such as ‘‘ when a woman 

bears a child and at the time of birth its teeth are cut, 

the days of the prince will be long.’’ So with omens 

from animals: ‘‘if a dog goes to the palace and lies 

down on a throne, that palace will be burned.”? A 
remarkable passage, Ezekiel xxi. 21, mentions three. 
modes of divination practised by the king of Babylon 
as he stood at the head of the two ways: ‘‘ he shuf 

fled arrows, he consulted teraphim, he looked in the 
liver.’’ The arrow-divination or belomancy here men- 
tioned was done with pointless arrows marked and 
drawn as lots. They are often represented on Baby- 
lonian and Assyrian cylinders, and their use was kept 
up among the Arabs till the time of Mohammed. 

The Babylonian rules of haruspication, or examining 
the entrails of animals, were most minute, to judge 
from the omens of prosperity or misfortune to be ater 
from the twisting and color of the intestines of an ass. 

Diodorus Siculus (ii. 29, etc.), in his account of the 
Chaldzean priests, mentions with evidently good in- 

Lee hereditary skill in various branches of 

magic, their use of purifications, sacrifices, and chants, 

to avert evil and obtain good, their foretelling by omens, 

dreams, prodigies, etc. But it is on their astrology 
that he deservedly lays the greatest stress. ‘The five 
planets, which they called ‘‘ interpreters,’ they held 
to portend events by their rising and setting and their 
color, foretelling the wind or rain or heat, comets also, 

and eclipses of the sun and moon, and earthquakes, 

and atmospherie- changes, beneficial or harmful, both 
to nations and kings and common men, The Babylo- 
nian calendars still remain to show how eclipses were 
brought into connection with floods, invasions, good 
and bad harvests,—such ideas being worked out, not by 
mere arbitrary fancy, but from such fancied regulari- 
ties as that the same weather and the same famines 
and pestilences tended to recur in a cycle of twelve 
years. To the Babylonian astrological system belong 
the stars of men’s nativities, the planetary houses, the 
twelve signs of the zodiac firobably invented in some 
observatories in Babylon), while the fixed stars are 
associated with the planets and gods in a system which 
is seen at a glance to be the astrology which later 
nations of Asia and Europe have followed since with 
servile faithfulness. ? 

Egypt and Babylon, as these brief notices show, were 
the chief sources whence the world learnt what may 
be called the higher branches of occult science, and 
from the historical point of view the magical rites and 
beliefs of other ancient Eastern nations, such as Asia 
Minor and India, are of little importance. It was 
mainly through Greece and Rome that magic was con- 
solidated and developed in Western civilization. In these 
classic nations there may be traced the rude 
old magic inherited from barbaric ancestors, “Greek and 
to which in later times were added ceremonies meas 
and calculations imported as Oriental wis- 
dom. Ancient literature shows the Greeks as a people 
whose religion ran much into the consultation of oracle- 
gods at many temples, of which the shrine of Apollo 
at Delphi was the chief. No rite could keep up more 
perfectly the habit of savage religion than their necro- 
mancy (vecpowavreia, vexvouavte(a) or consulting ghosts 


2 See Sayce in Records of the Past, vols.i., tii., v.; Trans. Soc. Bib- 
lical Archeology, vols. iii., iv.; Lenormant, Magie chez les Chaldéens, 
and Divination chez les Chaldéens. 
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for prophecy; there was a famous oracle of the dead 
near the river Acheron in Thesprotia, where the de- 
parting souls crossed on their way to Hades (Herod. vy. 
92). ‘he myth of Circe turning the companions of 
Odysseus into swine shows the barbaric belief in magi- 
cal transformation of men into beasts, and the classic 
sorcerer was believed to turn himself into a wolf by 
spells like the medicine man of some modern savage 
tribe. Not less clearly does the story of Medea and 
her caldron typify the witch-doctress with her phar- 
macy (gapyaxeia) powerful both to kill and bring to 
life. ‘The worship of Hecate, the moon, sender of 
midnight phantoms, lent itself especially to the magi- 
cian’s rites, as may be seen from this formula to evoke 
her: ‘‘O friend and companion of night, thou who 
rejoicest in the baying of dogs and spilt blood, who 
wanderest in the midst of shades among the tombs, 
who longest for blood and bringest terror to mortals, 
Gorgo, Mormo, thousand-faced moon, look favorably 
on our sacrifices!’ This magical record, preserved by 
an early Christian writer, may be compared with the 
poetic picture in Theocritus’s idyl of the sorceress 
(/dyll., ii.), where the passionate witch cries in similar 
words to Hecate, the moon, to shine clear while she 
compels by sacrifice her faithless lover, and goes through 
her magie ritual of love and hate, striving to force her 
beloved home to her by whirling the brazen rhomb, 
scattering his bones with the scattered barley, melting 
him to love by the melting wax, casting into the fierce 
flames a torn shred of his cloak and laurels to crackle 
and blaze and be consumed that his flesh shall be con- 
sumed likewise. This ancient witchcraft ascribed magic 
power to such filth as pounded lizards and the blood of 
creatures untimely dead, revolting messes made familiar 
to moderns by Shakespeare, who introduces real magic 
recipes in the witches’ caldron in Macbeth. The early 
Greeks lived in the same fear as southern nations still do 
of the arts of ‘‘ fascination’ (Bacxavia, Lat. fascinatio) 
worked by envious praise, or ill-wishing, or the evil 
eye; and they sought to avert these bad influences by 
the means still in use, spitting and symbolic gestures, 
and the use of charms and amulets. As to ancient 
Rome, much of the magic in the Latin poets, such as 
Virgil and Horace, is only Greek sorcery in a Latin 
dress. But severe Roman laws against those who 
practiced such malefic arts as making hail and spoiling 
the crops show that here also the sorcerer was at his 
usual work. What is more remarkable is the high 
official place given to divination in old Rome, where 
every public act was done under magical sanction. 
The auspex, or bird-viewer, and the augur, whose 
similar name seems to refer also to omens from the 
flight and cries of birds, in fact carried on supernatural 
divination not by omens from birds only, but by a 
variety of magical processes forming a complex tradi- 
tional system, partly adopted from the Ktruscans, as 
to which some curious remarks have come down to us 
in the treatise On Divination by Cicero, himself an 
augur, though living in the days when the ancient lore 
was falling into contempt. The Roman divination was, 
as its naine implies, a religious system of consulting 
the gods, who sent the signs to guide mankind. Jupi- 
ter, the Heaven-father himself, was heard and seen in 
thunder and lightning; wherefore these heavenly 
manifestations were of the highest import, observed 
by the augur in the templum or division of the sky 
marked out with his /twus or curved wand; there was 
no better omen than when Jove lightened on the left. 
Among birds, the fierce eagle, Jove’s messenger, gave 
the highest presage of victory, while the owl with its 
dismal cry was unluckiest. The good or ill signs given 
by many birds depended on whether they were on the 
_vight or left hand, and the sacred chickens gave their 
omens according as they were eager or not to feed, and 
dropped crumbs on the ground. All prodigies were 
recorded as portents in Roman affairs; and those which 
Livy mentions year by year, whether they were real or 
fictitious, in either case had their effect on the minds 
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| of men who saw national signs in a heavy hailstorm, a 
calf born with two heads, or a bullock found when 
sacrificed to have no heart. It was in quest of such 
portents that the haruspex made his professional ex- 
amination of the entrails of the victims, and reported 
the aspects of the head of the liver or cleft of the 
lungs, as a sacred guide to warriors and statesmen in 
the conduct of national affairs. Public divination being 
on this footing, it is not to be wondered at that, in the 
time of the empire, foreign soothsayers thronged to 
Rome to practice their craft among rich and credulous 
dupes. It appears that the magic of Heypt and Baby- 
lon still held a prominent place, for Juvenal refers to 
both in his sixth satire, where he rails at the super- 
stitious women of his time for putting their trust in 


| Chaldzean astrologers, all the more if under the laws 


against magicians they had been put in prison or ban- 
ished, while ladies would not go out for a drive or take 
a meal without consulting their book of lucky and un- 
lucky hours, which bore the Hgyptian name of Peto- 
siris. 

In the classic world, however, the growth of knowl- 
edge and accurate reasoning began to have their effect 
in bringing magic to the test of facts, and proving its 
failure. Greek philosophy, with its physical theories 
of the universe, lea shaken the old religion, and with 
it the old magic. ‘Though the Romans kept it up as a 
matter of statecraft, the judgment of statesmen and 
philosophers revolted from it, holding rather with En- 
nius, who pointed out the absurdity of the hungry for- 
tune-teller promising others wealth and begging a 
drachma for himself, or with Cato, who wondered that 
one diviner could meet another and not burst out laugh- 
ing. These are both quoted by Cicero, with other pas- 
sages argued quite in the modern spirit, as where he asks 
on what principle a rayen’s croak should be propitious 
on the right but a crow’s on the left, or how a chicken 
eating a cake could help dropping crumbs. Historically 
attacks of this kind have a particular value, as record- 
ing many magical details which we do not know from 
the believers themselves. Of such details Pliny’s 
Natural History is full, though he hates magie as the 
most fraudulent of arts; and among the most instruc- 
tive accounts of classic astrology must be reckoned the 
treatise written against it by Sextus Empiricus. Had 
skeptical philosophy had its way, magic would have 
perished ages earlier out of the civilized world. But 
there were other influences already at work, not only 
to preserve it, but even to give it another great ex- 
pansion before its final decay. 

The Pythagorean philosophy, while on the one hand 
bringing in the science of Egypt and Babylon, 
and developing it into Greek mathematics Philosophie 

. and theur- 
and physics, on the other hand favored the gic magic. 
growth of magic by mystical speculations, 
such as those on numbers. Not that the Pythagoreans 
began this delusive science, which had long been at home 
in Babylon, where the occult powers of the planetary 7 
and the zodiacal 12 were recognized, and spiritual arith- 
metic was carried so far as to indicate good deitics by 
whole numbers and evil demons by fractions. But 
the Pythagoreans developed it further in their mystic 
symbolism of the active 1 and the passive 2, the sacred 
4 of space proceeding from the 1, the 7 of intelligence, 
the 8 of love, and the 10 of the universe. Whatever 
rational thought may at first have been veiled under 
all this, its literal nonsense suited the magical mind, 
and its effects may be traced in magical literature ever 
since. With such speculations was combined an ani- 
mistie system of spirits pervading the world, ranging 
from gods and demons down to the souls of beasts and 
plants. Both in mystic symbolism and in the doctrine 
of demons the mind of Plato followed the Pythagorean 
track, and at a later period the tendency towards magi- 
cal speculation came out strongly among the Neo- 
Platonists, when enthusiasts, not content with specu- 


lating about the daemoniac powers of the universe, 
sought to establish personal relations with them, and 
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use them for their own ends. The treatise on the 
Kegyptian mysteries ascribed to Iamblichus is an inter- 
esting record of this phase of thought. Alexandria 
became the especial home of systems of theurgic 
magic, in which invocations, sacrifices, diagrams, talis- 
mans, were employed with rule and method, as though 
they were really effective. Much of this delusive craft 
has perished or become unintelligible, but its once 
considerable hold on men’s minds may be traced in 
such relics as the gem-talismans of the Gnosties, still 
objects of curiosity to archeologists; among their 
formulas is the celebrated Abraxas, the Greek letters 
of which (AGpafac, ABpacak) stand with astronomical 
significance for the number 365. The theurgy which 
came down into medizval and modern Europe is 
strongly marked with Jewish magical speculation. 
After the captivity, the Jews worked out a classifica- 
tion and nomenclature of angels and demons. On the 
one side are ranged such celestial powers as Gabriel 
and Raphael, while against them stand such beings as 
BrELZEBUB (q.v.) and Ashmodai or Asmodeeus (Tobit, 
chap. iii., ete.), who is clearly the great evil demon 
Aeshma-daeva of the Persian religion. Many centu- 
ries afterwards, in Huropean magic books of the Mid- 
dle Ages we find the remains of these theurgic systems 
still handed on. ‘Their elaborate folly may be best 
realized by: looking into such books as Francis Barrett’s 
Magus, or Horst’s Zauber- Bibliothek, where the actual 
rites and formulas for raising demons are given. The 
evocations, with their uncouth jumbles of sacred 
names, have some historical interest from their 
strangely mixed traces of ancient religions, preserved 
by charlatans whose blunders show how little they 
understood the words they copied. We can fancy the 
magician in his black robe embroidered with mystic 
characters, waving his wand as he invokes at one 
breath the great demons ‘‘ Acheront,’’ ‘‘ Ashtaroth,”’ 
“ Asmodi,’’ names which the modern student recog- 


nizes as borrowed from the ancient religions of three | 


different countries—Greece, Phoenicia, Persia. Of all 
the sources of this branch of magic, the Jewish tradi- 
tion is the chief. The magician relies on the power of 
divine Hebrew names, such as the shem hammephorash 
or the name Jehovah in its true pronunciation, with 
which Solomon and other wonder-workers of old did 
marvellous things. He draws powerful spells from the 
KABBALAH (gq. v.) of the later Jews, with its trans- 
posed letters and artificial words,—using for instance 
thename Agla, formed from the initials of the Hebrew 
sentence—* Thou art a mighty God forever.’’ But 
in compelling the spirits he can use Hebrew and Greek 
in admired confusion, as in the following formula 
(copied with its mistakes as an illustration of magical 
scholarship in its lowest stage)—‘‘ Hel Heloym Sother 
Emmanuel Sabaoth Agla Tetragrammaton Agyros 
Otheos Ischyros Athanatos Jehova Va Adonai Saday 
Homousion Messias Hschereheye.’’ One of the most cu- 
rious features of the demon-evocation is the use of the 
pentagram, an essential adjunct of the magic circle 
whose effect in barring the passage of Mephistopheles is 
described in a well-known scene in Goethe’s Faust. This 
symbol is an interesting proof of tradition from the 
Pythagoreans. It isa geometrical figure 

for the construction of the regular pen- 

tagon (Euclid, iv. prop. 11), now fa- 

miliar to school-boys, but which to the 

school of Pythagoras was so wondrous 

a novelty that they used it as a sign of 

fellowship (see Bretschneider, Geome- 

trie vor Huklides, p. 85), and it after- Pentagram. 
wards became a magical symbol, still to be seen in use 
in every country from Ireland to China. 

The magic of the Moslem world is in part adopted 
from Jewish angelology and demonology, and in part 
carries on Babylonian-Greek astrology, as systematized 
by such writers as Paul of Alexandria and Claudius 
Ptolemy. Thus the proceedings of the Moslem magi- 
cian, as met with in the Z’housand and One Nights, 
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mostly run parallel with those familiar in Europe, in 
their fumigations and incantations, talismans (teteAeo- 
uéva), horoscopes, and almanacs or calendars of lucky 
and unlucky days. In fact a modern Zadkiel in Kng- 
land would find himself on common ground with his 
brother practitioner in Baghdad or Delhi.’ In other 
districts of Asia, more peculiar developments of magic 
have been preserved. ‘lo mention a few of the most 
noteworthy, the Sanskrit literature in India is rich in 
ancient magical precepts and hymn-charms.? The an- 
cient Hindu magic is religious, turning on the actions 
of demons (bA@ta) in causing disease by possession, 
and their exorcism and compulsion, as well as power 
obtained over higher spirits by sacrifices, austerities, 
and formulas or charms (mantrw). From their con- 
nection with early Aryan customs, these rites sometimes 
throw light on European practices derived from the 
same stock. ‘Thus the magical practice of going round 
‘‘with the sun,’’ well known as dets?d in Highland su- 
perstition, and kept up in England in the rule of pass- 
ing the decanter “through the button-hole,’”’ appears 
to be a rite of Aryan sun-worship belonging to remote 
antiquity, for (under the name of pradaaina) it forms 
part of the Hindu marriage ceremony handed down 
from Vedic times.* Buddhism as well as Brahmanism 
had its magical side, and its literature of magic for- 
mulas (tantra). The ‘‘red-cap’’ lamas of Tibet, with 
their pretended miracles of breathing fire, swallowing 
knives, and ripping themselves up, are curious as re- 
minding us of the time when these tricks, now come 
down among us to jugglers’ feats, were regarded as 
supernatural. In the low Buddhism of the Mongols, 
mixed with native barbarism, the shamans or sorcerer- 
priests, with their rude sacrifices and demon-dances, 
are among the most remarkable types of their ancient 
class. In this part of Asia, and farther east, a some- 
what remarkable system of divinatory magic has grown 
out of the reckoning of days, months, and years by a 
zodiac-calendar, whose signs ape, horse, dog, ete., are 
combined in series with the elements, male and female, 
so that a year may be called that of the ‘‘ female fire- 
dog.’’ It was inevitable that such a system should 
lead the magicians to draw omens from its signs. They 
do so in a most elaborate way, interfering with their 
presages on every occasion of life, beginning when the 
child undergoes its ceremonial washing, and has its fate 
defined by the signs it is born under, as ‘‘ in the element 
fire, under the red sign in the year of the tiger, in the 
month of the sheep and day of the hog, in the fortieth 
division of the day under the influence of the ninth 
star,’’ etc. This quaint science seems, however, not 
altogether native, for the influence of Babylonian and 
Greek scientific and magical ideas has extended across 
Asia, even into China. The magic of this latter country 
is remarkable for its various and elaborate modes of 
divination. These may be obtained from mediums 
possessed by spirits, and giving oracles by speech or 
writing with the ‘descending pencil,’ as_has lately 
been done by “‘ spiritualists’’ in Europe. But higher 
authority is given to divination by throwing sacred lots, 
as the two wooden ka pwe, which fall with the flat or 
rounded side up. The results of such processes of 
divination, in themselves meagre, may be brought to 
any required elaborateness by the use of the “eight 
diagrams ’’ obtained by combinations of the whole line 
(—)\and the broken line (--). These, primarily in- 
terpreted as representing the male and the female prin- 
ciple (yang, yn), perfect and imperfect, heavenly and 
earthly, are referred by systematic fancy to elements, 
qualities, tempers, etc., and interpreted in the cele- 
brated Chinese classic book called the Y-king into a 
collection of oracular responses. The feng-shui, or 
‘‘ wind-and-water’’ magic, is asystem the practitioners 
of which regulate the building of houses and tombs by 

1 See, for instance, Herklot’s translation of the Qanoon-e-Islam. 

2 See Weber, Omina et Portenta, and volumes of Indische Studien, 

3 Haas, in Indische Studien, vol. v. p. 257; Pictet, Origines Indo- 


Européennes, part ii., p. 498. 
4 Bee Moh). Y-king; Pauthier, Livres Sacrés de I’ Orient. 
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their local aspects; it has of late come under the notice 
of Huropeans from the unexpected impediments it has 
placed in their way when desirous of building or con- 
structing railways on Chinese soil.? 

In the lower stages of civilization the distinction 
between religion and magic hardly appears, 
the functions of priest and sorcerer being 
still blended, as was long since pointed out 
by Meiners ( Geschichte der Religionen, book xii.). As 
established religions were formed among nations of a 
higher grade, the separation became more distinct be- 
tween the official rites of the priesthood and those 
practised by castes of magicians, rivalry often becoming 
serious between them. ‘hus in ancient Hgypt there 
appear, on the one hand, the miracles worked by di- 
vinities under official sanction of the priesthood, and, 
on the other hand, the unlicensed proceedings of sor- 
cerers, who indeed doubtless deserved ill of society by 
practices done by detestable means or for detestable 
ends, such as bewitching by hurtful demons, or admin- 
istering love-potions. Here we come into view of the 
distinction still expressed by the terms ‘‘ white-magic”’ 
and ‘‘ black magic.” Laws were made against magic 
in these ancient times, but it must be remembered that 
then and for thousands of years later, the opposition 
to magic had seldom anything to do with the sceptical 
doubts of its reality which arose among the classic phi- 
losophers. Magic was none the less believed in for 
being hated and proscribed; and when a soothsayer 
was Picked upon as a false prophet the inference was, 

not that magic was unreal, but that this particular 
magician was pretending to supernatural power he did 
not possess. ‘I'he Levitical law prohibits sorcery under 

enalty of death (Levit. xx. 27). Among the early 
Pivistions sorcery was recognized as illegal miracle ; 
and magic acts, such as turning men into beasts, call- 
ing up familiar demons, raising storms, etc., are men- 
tioned, not in a sceptical spirit, but with reprobation. 
In the changed relations of the state to the church 
under Constantine, the laws against magic served the 
new purpose of proscribing the rites of the Greek and 
Roman religion, whose oracles, sacrifices, and auguries, 
once carried on under the highest public sanction, were 
put under the same ban with the low arts of the ne- 
cromancer and the witch.? As Christianity extended 
its sway over Hurope, the same antagonism continued, 
the church striving with considerable success to put 
down at once the old local religions, and the even older 
practices of witchcraft; condemning Thor and Woden 
as demons, they punished their ritesin common with 
those of the sorcerers who bewitched their neighbors, 
and turned themselves into wolves or cats. Thus 
gradually arose the legal persecution of witches, whigh 
went on through the Middle Ages under ecclesiastical 
sanction both Catholic and Protestant. The literature 
of the Middle Ages does not contribute many new ele- 
ments to the study of magic, which was carried on 
under the old traditional systems. But it shows on 
the one hand how unbroken the faith of even the edu- 
cated classes remained in the reality of magic, and on 
the other hand that its more respectable branches, such 
as astrology and alchemy, were largely followed, and 
indeed included in their scope much of the real science 
of the period (see the works of Thomas Aquinas, Ger- 
bert, Roger Bacon, Cornelius Agrippa, etc.). The 
final fall of magic began with the revival of science in 
the 16th and 17th centuries, when the question whether 
the supposed effects of magic really take place or not 
was raised, and decided against it. In our day the 
occult sciences are rapidly dying out in the educated 
classes of the civilized world, though astrology still has 
its votaries, and the communications in “‘ spirit circles ”’ 
by possessed mediums and spirit-writing are what 
would in old times have been classed as necromancy. 


Magic in 
Christen- 
dom. 


ee Ei, Handbook of Chinese Buddhism; Edkins, Folklore of 
ind, P. 6d. 

2 For an excellent account of the classical and medieval his- 
tory of magic see Maury, La Magie etl Astrologie. 
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The magic which holds its place most firmly in Europe 
has come down by tradition in popular folk-lore, which 
is full of precepts for bewitching and averting witch- 
craft, and divining by omens. Among the practices 
which occur to everyone’s mind are foretelling changes 
of the weather by the moon’s quarters, taking omens 
from seeing magpies and hearing adog howl at 
night, the fear of spilling salt, observation of the 
shroud in the candle and the stranger in the tea-cup, 
the girls’ listening to the cuckoo to tell how soon they 
will be married, pulling off the row of leaves to settle 
what the lover’s calling will be, and perhaps even com- 
poline him to come by a pin stuck through the rush- 
ight. Nor has the wizard forgotten how to cure in- 
flammation with a ‘‘ thunderbolt,’’ generally an ancient 
stone or bronze hatchet dug up in the fields, nor how 
to punish an enemy by means of a heart stuck full of 
pins and hung in the chimney. These are but afew 
out of hundreds to be found in Brand’s Popular Ant- 
wities and the volumes published by the Folklore 
Society, or in the similar collections from every country 
of Kurope. If any one wonders that popular magic 
still enjoys much credit in the peasant class, it should be 
remembered that even the educated world still shows a 
remarkable unreasonableness in connecting causes 
and effects. Thus the old magical belief survives that 
a loadstone, because it draws steel, will also draw out 
pain. Peasants may well carry a magnet in their 
trousers’ pocket against rheumatism when _better- 
informed people will wear with as great confidence a 
‘‘calvanic belt,’’ though any electrician will tell them 
it has not the power to hurt or cure a fly. One of the 
most favorable proofs of the changed public opinion in 
England is seen in the laws, where the penalties of the 
old statute against those who keep familiar demons are 
abolished, and the time-honored charge has disap- 
peared from the commission of the peace to inquire of 
all ‘‘inchantments, sorceries, art magic, trespasses, fore- 
stallings, regratings, etc.’’ But persons pretending to 
exercise witchcraft, sorcery, enchantment, or conjura- 
tion, or undertaking to tell fortunes or pretending by 
occult or crafty science to discover lost or stolen goods, 
may be imprisoned under 9 Geo. II. ¢. 5, or fortune- 
tellers dealt with as rogues and vagabonds under 5 
Geo. IV. c. 83, or they may be prosecuted for obtain- 
ing money under false pretences. 

‘Looked at as a series of delusions, magic is distasteful 
to the modern mind, which, once satisfied 
of its practical futility, is apt to discard it 
as folly unworthy of further notice. ‘This, 
however, is hardly doing it justice, for in the early de- 
velopments of the human mind both religion and science 
were intimately connected with magic, whose various 
branches, unfruitful as they may be, are nevertheless 
growths from the tree of knowledge. The universal 
diffusion of magical ideas among mankind, excepting 
only the limited class who have abandoned them 
through higher education, shows that we are here in 
presence of a deep-seated intellectual process, while 
the strong likeness in the principles of magic among 
the rudest tribes points to its having sprung up under 
most ancient and primitive conditions. The connection 
between magic and religion in its lower stages 1s obvious 
from the impossibility of separating them, inasmuch 
as in every country sorcerers and diviners, savage or 
civilized, are found invoking the aid of ghosts, demons, 
or gods, to give them information or execute their will. 
So far as magic is ascribed to the influence of spirits, 
its theory belongs to the animistic philosophy devel- 
oped in the lower levels of civilization, where all the 
powers of life and nature are set down to spiritual be- 
ings (see ANrmism). A chief part of the magician’s 
business being to converse with spirits and gain their 
help, he sets about this in various ways. More often 
than not the spirit is considered to be a human ghost, 
which behaves much as it did while it was still a living 
man’s soul; or if it is called a demon or deity, still 
these are beings modelled on the human soul. ~ Thus 
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their manner of hearing prayers and receiving offerings 
is like human intercourse, especially in the frequent 
cases where the sorcerer is a ‘‘ medium’’ possessed by 
the spirit, who is considered to inhabit his body like 
his ordinary soul, and to give oracles speaking by his 
human voice. In such supposed interviews wah spirits 
there is plenty of delusion and fraud, but nothing 
oe magical; and in fact, were the whole craft of 
the sorcerer of this spiritualistic kind, there would be 
no practical distinction between the sorcerer and the 

riest, and magic would fall into its place as an inferior 
Perish of religion. It is because magical practices are 
by no means accounted for altogether by the doctrine 
of spirits, but involve other special explanations of 
their own, that it is found convenient to make magic 
a department by itself. Such explanation is needed in 
ordinary magical practices, like that of the American 
medicine-man, who draws a deer on a piece of bark 
and shoots at it, expecting thereby to killa real deer 
next day, or of the Tongan soothsayer, who spins a 
cocoa-nut as a teetotum, in order to discover a thief 
by noticing towards whom the monkey-face of the nut 
is looking when it stops. The magical train of thought 
which leads men to resort to such devices is childishly 
simple. It is merely imperfect reasoning, the mistak- 
ing of an ideal connection for a real one, the confusion 
of ineffective analogy with effective cause. Our minds 
go with those of the barbaric magicians so far as to re- 
cognize the analogy between shooting an animal and its 
picture; we see as plainly as they that the cocoa-nut 
as it were looks in a particular direction. The differ- 
ence is that, in the magical stage of thought, these are 
taken to be real connections, while more advanced 
knowledge discards them as ideal. As Wilhelm von 
Humboldt well remarks, ‘‘ Man begins by seeking the 
connection even of external phenomena in the region 
of thought; . . . . pure observation, still more experi- 
ment, follow ata wide distance after ideal or phantastic 
systems. Man’s first attempt is to govern nature 
through its idea.”’ ; 

So much of the intellect of mankind has been spent 
since remote antiquity on magic that it may seem hard 
to believe the chief secret of the occult sciences to be 
afier all nothing but bad reasoning. This at any rate 
is very unlike the theories propounded by those who 
have condemned magic as a real craft made known to 
man by diabolical influence, or by those who have 
thought to find in its mystic precepts relics of antique 
wisdom. The question is not, however, an abstruse one, 
for every reader has the means of satisfying himself 
by inspection of a few magical processes, as to what 
amount of reason really goes to making them. In a 
large proportion of cases there may be perceived, not 
absolute nonsense, but a kind of half-formed sense 
stopping short of practical value. There being an 
evident relation between an object and the thought of 
it, it becomes one of the chief practices of the sorcerer 
to try to make things happen by thinking about them. 
Thus he so ‘‘takes the will for the deed”’ that when 
he ‘‘ill wishes’’ his enemies, and looks upon them 
with the “‘ evil eye,’”’ he believes that he does them 
direct harm. On the other hand, those who know or 
suspect that such influence has been used against them 
suffer in reality from fear, often even dying of it. The 
belief in this mysterious power furnishes an explanation 
which is resorted to when any one falls ill or has any 
misfortune, and thus the belief in witchcraft among 
savages leads to constant enmity and revenge. Nor is 
this state of things to be traced only in what is called 
the uncivilized world, for those who have much inter- 
course with English country folks may still meet with 
instances of some cow or child firmly believed to have 
been ‘‘overlooked,”’ the death of which may possibly 
be revenged ona neighboring cottager, supposed to be 
the witch. Whenever a good or evil wish is uttered in 
words, it becomes a blessing or a curse. When these 
are addressed to some deity or demon, they are in fact 
prayers, but when they are merely expressed wishes, 
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without reference to any spiritual being, then their 
supposed effects are purely magical. Thus, in an an- 
cient Hindu love-charm, the girl expects to bring back 
an offended lover by repeating the formula, ‘‘ May thy 
heart devour itself for me, may thy dry mouth water 
for me!’’ ete. Still more does this kind of magic¢ ex- 
plain itself in the various rites where some object is 
used as a symbol, and the association of ideas transfers 
whatever is done to itto the person it represents. ‘Thus 
Ovid’s sorceress (Heroid., vi. 91.)— 
“simulacraque cerea fingit, 
Et miserum tenuis in jecur urget acus.” 


King James in his Deemonology says that ‘the 
devil teacheth how to make pictures of wax or clay, 
that by roasting thereof the persons that they bear the 
name of may be continually melted or dried away by 
continual sickness.’’ By a similar association of ideas 
any object which has belonged to a person may be thus 
practised on, as has been already here mentioned 
among the South Sea islanders, or, to take a case 
nearer home, when in 1618, two women were executed 
at Lincoln for burying the glove of Henry Lord Rosse, 
so that, ‘‘as that glove did rot and waste, so did the 
liver of the said lord rot and waste.’’ By like reason- 
ing, when internal disease is ascribed to knots within 
the patient’s body, it becomes a branch of witcheraft 
to tie magic knots which produce their corresponding 
effect within the victim. indlier though not less de- 
lusive operations of misunderstood analogy are found 
in attempted cures by sympathetic magic, on the same 
principle which malignant sorcerers would haye used 
in giving the disease itself. Thus knots are untied in 
order to untie internal complications in the sick beast, 
and weapons treated to cure by sympathy the wounds 
they made. 

“But she has ta’en the broken lance, 
And washed it from the clotted gore, 
And salved the splinter o’er and o’er. 
William of Deloraine in trance, 

Whene’er she turned it round and round, 

Twisted, as if she galled his wound, 
Then to her maidens she did say 

That he should be whole man and sound 
Within the course of a night and day.” 

—Lay of the Last Minstrel, iii. 23. 


The herbs used as medicaments in the infancy of 


/medicine appear to have been chosen for magical 


rather than medical motives, by a kind of reasoning 
which comes out very plainly among Chinese physi- 
cians, who administer the heads, middles, and roots 
of plants to cure their patients’ heads, bodies, and 
legs respectively. In like manner European doctors 
long followed the ‘‘ doctrine of signatures,” which was 
in fact mere magic,—prescribing euphrasy or ‘‘ eye- 
bright’’ for complaints of the eyes, because of the 
likeness of an eye in the flower, and treating small-pox 
with mulberries because their color made them proper 
to diseases of the blood (see Pettigrew, Superstitions 
of Medicine and Surgery). The same easily-under- 
stood though practically absurd principle may be seen 
to have guided the processes of divination, many of 
which show plainly the association of ideas that sug- 
gested them. Thus, in the Roman augury already 
mentioned, there is no difficulty in following the fancy 
which made the war-eagle give an omen of victory, 
but attached a doleful forboding to the melancholy owl. 
The same half-rational meaning explains the reversal 
of omens accordingly as they come on the right or left, 
that is, the good or bad hand. Any one who glances 
through one of the cheap dream-books still bought by 
servant-maids, which fairly represent the ancient books 
on onetromancy, such as that of Artemidorus, will find 
many of the analogies still intelligible on which they 
are founded, as that to dream of washing one’s hands 
presages relief from anxiety, while he who dreams of 
losing a tooth will lose a friend. The ancient art of 
chiromancy, or telling fortunes by the hand, goes on 
the evident analogy between the lines of the palm and 
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the diverging courses of human life; closely allied to 
this is scupulimancy or divining by the cracks of a 
shoulder-blade put into the fire. Of divination by lots, 
so common that the term for throwing lots (sortes) has 
passed into sorcery, there are many varieties. Some 
are quite pictorial, such as the Maori diviner’s sticks 
set up in the ground to show by their standing or fall- 
ing the fate of the warriors they represent. But this 
strong analogy is not necessary, for it only requires a 

articular lot to be mentally associated with a particu- 
ar idea to make the diviner believe that the fall of 
that lot makes that idea true. It would be tedious to 
go at length through other details of magic where the 
same key of raperiect analogy applies. But it may be 
pointed out that this explanation is nowhere more con- 
clusive than in astrology. The very foundation of the 
science of the horoscope lies in the mere analogy be- 
tween the rising of a star above the horizon and the 
birth of a man. Such circumstances as whether a 
planet is in conjunction or opposition alter their effect 
on the ‘‘native’’ in corresponding ways. The names 
of gods, happening to be given also to certain planets, 
are taken as omens, as that because a planet bears the 
name of Mercury it is brought into fanciful connection 
with wisdom, and in like manner the planet Venus with 
love. Hach planet having a color assigned to it, the 
aspect of Mars or Saturn is believed to tell one, when 
in quest of a thief, whether he will have on red or 
black clothes. So the arbitrary names of the signs of 
the zodiac are made into presages, a just person being 
found under the sign of Libra, and charms against 
bugs being effective in the sign of Cancer. For con- 
venience some of these examples are taken from mod- 
ern handbooks of astrology, but in principle the old 
stareraft has changed little in the course of ages. In 
the study of magic it is necessary further to notice 
that precepts which seem quite arbitrary, not showing 
even fanciful half-reason, are often explained on fur- 
ther examination, which gives the key to the symbolic 
process by which they are formed. For instance, it 
would hardly be guessed why Cancer should be a sign 
involying movableness, but Scorpio firmness, were it 
not known that this result is obtained by arranging the 
twelve signs in order as they stand, as successively 
movable, fixed, and double (see Proclus, Paraphrasis, 
i. 15). Considering the antiquity of magic, the won- 
der is not that so much of its sense should be lost, but 
that so much is still intelligible.! Various other causes 
may be traced in the occult sciences, among which can 
only be mentioned here rhabdomancy or the use of 
the divining rod, by which the cunning man professes 
to discover water springs, murderers, or hidden trea- 
sure. Here it is evident that the decision is really 
arrived at by the diviner himself, not by the twig, and 
the same is true of various similar arts. From the 
earliest times also tricks of sleight-of-hand, ete., have 
been passed off by magicians as miracles to deceive 
their dupes; our language still testifies to this in the 
use of the word conjwror, the wonder-worker carrying 
on the old juggling, although no longer evoking de- 
mons to give him his mysterious power. 

Hitherto magic has been dealt with on its delusive 
and harmful side, this being what most practically 
manifests itself in history. Yet it must be borne in 
mind that in its early stages it has been a source of 
real knowledge. ‘True as it is that misunderstood 
facts and misleading analogies have produced its delu- 
sions, its imperfect arguments have been steps towards 
more perfect reasoning. Analogy has always been the 
forerunner of scientific thought, and, as experience 
corrected and restricted it into real effectiveness, from 
age to age whole branches of what was magic passed 
into the realm of science. The vague and misleading 

arts which could not be thus transformed were left 
behind as occult science, and thus the very reason why 
magic is almost all bad is because when any of it be- 


1¥or details of the association of ideas in magic see Tylor, 
Early Hist. of Mankind, chap. vi.,and Primitive Cultwre, chap. iv. 
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comes good it ceases to be magic. From this point of 
view the intellectual position of magic is well expressed 
by Adolf Bastian (Rechtsalterthiimer, p. 242) :— 
‘Sorcery, or, in its higher expression, magic, marks 
the first dawning consciousness of mutual connection 
throughout nature, in which man, feeling himself part 
of the whole, thinks himself able to interfere for his 
own wishes or needs. So long as religion fills the 
whole horizon of culture, the vague groping of magic 
contains the first experiments which lead to the results 
of exact science. Magic is the physics of mankind in 
the state of nature. It rests on the beginning of in- 
duction, which remains without result only because in 
its imperfect judgments by analogy it raises the post 
hoe to the propter hoc, etec.’”’ The nature-spirits and 
demons with which the magician has so much to do 
represent indeed the notion of physical cause in the 
rudimentary science of the lower races, while the asso- 
ciation of ideas on which his sorcery and divination is 
based has much the same relation to the scientific in- 
duction which succeeds it. That this view is sound is 
best shown by noticing the great departments of science 
whose early development is known to have taken place 
through magic. Astronomy grew up in Babylon, not 
through quest of mechanical laws of the universe, but 
through observation of the heavens to obtain presages 
of wars and harvest; while even in modern times 
Kepler's discoveries in physical astronomy were led 
up to through mystic magical speculations. In 
alchemy appears the early history of chemistry, which 
only emancipated itself in modern ages from its magi- 
eal surroundings. The astrological connection of the 
metals each with its planet was one of its fundamental 
ideas, of which the traces are still to be found in the 
name of the metal ‘‘ mercury,” and that of ‘‘ lmar 
caustic’? for silver nitrate. Lastly, the history of 
medicine goes back to the times when primitive science 
accepted demoniacal possession as the rational means 
of accounting for disease, and magical operations with 
herbs originated their more practical use in materia 
medica. (EBT) 

MAGIC, Wurtz. Under this head is included the 
art of performing tricks and exhibiting illusions by aid 
of apparatus, excluding feats of dexterity in which 
there is no deception, together with the performances 
of such automaton figures as are actuated in a secret 
and mysterious manner. Conjuring by prestidigitation, 
or sleight of hand, independently of mechanical appa- 
ratus, is referred to under LEGERDEMAIN. 

Whether or not the book of Exodus makes the 
earliest historical reference to this natural magic when 
it records how the magicians of Egypt imitated certain 
miracles of Moses ‘‘by their enchantments,’’ it is 
known that the Egyptian hierophants as well as the 
magicians of ancient Greece and Rome, were accus- 
tomed to astonish their dupes with optical illusions, 
visible representations of the divinities and subdi- 
vinities passing before the spectators in dark sub- 
terranean chambers. From the descriptions of an- 
cient authors we may conjecture that the princi- 
pal optical illusion employed in these effects was 
the throwing of spectral images of living per- 
sons and other objects upon the smoke of burn- 
ing incense by means of concave metal mirrors. 
But, according to the detailed exposure of the tricks 
of the magicians given by Hippolytus (Ltef, Om. Her., 
iv. 35), it appears that the desired effect was often 
produced in a simpler way, by causing the dupe to 
look into a cellar through a basin of water with a 
glass bottom HE under a sky-blue ceiling, or by 
figures on a dark wall drawn in inflammable material 
and suddenly ignited. The flashes of lightning and 
the rolling thunders which sometimes accompanied 
these manifestations were easy tricks, now familiar to 
everybody as the ignition of lycopodium and the 
shaking of asheet of metal. The ancient methods de- 
scribed by Hippolytus (iv. 32) were very similar. - 

Spectral pictures or reflections of moving objects, 
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similar to those of the camera or-magic lantern, were 
described in the 14th and 16th centuries. Thus, in 
the House of Fame, bk. iii., Chaucer speaks of ‘‘ ap- 
pearances such as the subtil tregetours perform at 
feasts’’—pictorial representations of hunting, falconry, 
and knights jousting, with the persons and objects in- 
stantaneously disappearing; exhibitions of the same 
kind are mentioned by Sir John Mandeville, as seen 
by him at the court of ‘“‘the great Chan’’ in Asia; 
and in the middle of the 16th century Benvenuto Cel- 
lini saw phantasmagoric spectres projected upon smoke 
at a nocturnal exhibition in the Colosseum at Rome, 
The existence of a camera at this latter date is a fact ; 
for the instrument is described by Baptista Porta, the 
Neapolitan philosopher, in his Mage Naturalis 
(1558). And the doubt how magic lantern effects 
could have been produced in the 14th century, when 
the lantern itself is alleged to have been invented by 
Athanasius Kircher in the middle of the 17th century, 
is set at rest by the fact that glass lenses were con- 
structed at the earlier of these dates,—Roger Bacon, 
in his Discovery of the Miracles of Art, Nature, and 
Magie (about 1260), writing of glass lenses and per- 
spectives so well made as to give good telescopic and 
microscopic effects, and to be useful to old men and 
those who have weak eyes. Towards the end of 
last century Comus, a French conjuror (the second of 
the name), included in his entertainment a figure 
which suddenly appeared and disappeared about three 
feet above a table,—a trick explained by the circum- 
stance that a concave mirror was among his properties; 
and a contemporary performer, Robert, exhibited the 
raising of the dead by the same agency. Early in the 
present century Philipstal gave a sensation to his 
magic lantern entertainment by lowering, unperceived, 
between the audience and the stage a sheet of gauze, 
upon which fell the vivid moving shadows of phantas- 
magoria. 

A new era in optical tricks began in 1863 when John 
Nevil Maskelyne, a Cheltenham artist in jewellery, in- 
vented a wood cabinet in which persons vanished and 
were made to reappear, although it was placed upon 
high feet, with no passage through which a person 
could pass from the cabinet to the stage floor, the 
scenes, or the ceiling; and this cabinet was examined 
and measured for concealed space, and watched found 
by persons from the audience during the whole of the 
transformations. The general principle undoubtedly 
was this :—if a looking-glass be set upright in a corner 
of a room, bisecting the right angle formed by the 
walls, the side wall reflected will appear as if it were 
the back, and hence an object may be hidden behind 
the glass, yet the space seem to remain unoccupied. 
his principle, however, was so carried out that no 
sign of the existence of any mirror was discernible 
under the closest inspection. Two years later the 
same simple principle appeared in ‘‘'The Cabinet of 
Proteus,’’ patented by Tobin and Pepper of the Poly- 
technic Institution, in which two mirrors were em- 
ployed, meeting in the middle, where an upright pillar 
concealed their edges. In the same year Stodare ex- 
hibited the illusion in an extended form, by placing 
the pair of mirrors in the centre of the stage, sup- 
ported between the legs of a three-legged table having 
the apex towards the audience; and as the side walls 
of his stage were draped exactly like the back, reflec- 
tion showed an apparently clear space below the table 
top, where in reality a man in a sitting position was 
hidden behind the glasses and exhibited his head 
(‘‘The Sphinx’’) above the table. The plane mirror 
illusion is so effective that it has been reproduced with 
modifications by various performers. In one case a 
living bust was shown through an aperture in a 
looking-glass sloping upward from the front  to- 
wards the back of a curtained cabinet; in’ another a 
person stood half-hidden by a vertical mirror, and 
imitation limbs placed in front of it were sundered and 
removed; and in another case a large vertical mirror 
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was pushed forward from a back corner of the stage at 
an angle of 45 degrees, to cover the entrance of a living 
‘““pyhantom,”’ a then withdrawn. Maskelyne im- 
proved upon his original cabinet by taking out a shelf 
which, in conjunction with a mirror, could enclose a 
space, and thus left no apparent place in which a per- 
son could possibly be hidden, He introduced a further 
mystification by secretly conveying a person behind a 
curtain screen, notwithstanding that, during the whole 
time, the existence of a clear space under the stool 
upon which the screen is placed is proved by perform- 
ers continually walking round. And the illusion 
reached its height when he revealed or ‘‘ vanished’’ 
a succession of persons out of a light shell obelisk or 
‘* Cleopatra’s Needle,’’ with a sheet of paper inter- 
posed between this cover and the stool it stood upon, 
thus intercepting the apparently only available avenue 
of approach. The principle of reflecting by means of 
transparent plate-glass the images of highly-illumi- 
nated objects placed in front, so that they appear as if 
among less brilliantly lighted objects behind the glass, 
was employed in the ‘‘ghost”’ illusions of Sylvester, 
of Dircks and Pepper, of Robin, and of some other 
inventors—the transparent plate-glass being, in some 
cases, inclined forwards so as to reflect a lime-lighted 
object placed below the front of the stage, and in other 
arrangements set vertically at an angle so as to reflect 
the object from a lateral position. 

Among the acoustic wonders of antiquity, fabled or 
real, were the speaking head of Orpheus, the golden 
virgins, whose voices resounded through the temple of 
Delphi, and the like. Hippolytus (iv. 4) explains the 
trick of the speaking head as practised in his day; the 
voice was really that of a concealed assistant who spoke 
through the flexible gullet of a crane. Towards the 
close of the 10th century Gerbert (Pope Sylvester II.) 
constructed (says William of Malmesbury) a brazen 
head which answered questions ; and similar inventions 
are ascribed to Roger Bacon, Albertus Magnus, and 
others. In the first half of the 17th century the phi- 
losopher Descartes made a speaking figure which he 
called his daughter Franchina; and the superstitious 
captain of a vessel had it thrown overboard. In the 
latter part of the same century Thomas Irson, an Eng- 
lishman, exhibited at the court of Charles II. a wooden 
figure with a speaking-trumpet in its mouth; and 
questions whispered in its ear were answered through 
a pipe secretly communicating with an apartment 
wherein was a learned priest able to converse in various 
languages. Beckmann, in his /istory of Inventions 
(about 1770), relates his inspection of a speaking figure, 
in which the words really came through a tube from a 
confederate who held a card of signs by which he re- 
ceived intelligence from the exhibitor. Somewhat later 
was shown in England the figure of an infant suspended 
by a ribbon, having a speaking-trumpet in its mouth, 
—an illusion in which two concave mirrors were em- 
ployed, one of them concentrating the rays of sound 
into a focus within the head of the figure; and the 
mirror nearest the figure was hidden by a portion of 
the wall-paper which was perforated with pin-holes, 
In 1783 Giuseppe Pinetti de Wildalle, an Italian con- 
juror of great originality, exhibited among his many 
wonders a toy bird perched upon a bottle, which flut- 
tered, blew out a candle, and warbled any melody pro 
posed or improvised by the audience,—doing this also 
when removed from the bottle to a table, or when held 
in the performer’s hand upon any part of the stage. 
The sounds were produced by a confederate who imi- 
tated song-birds after Rossignol’s method by aid of the 
inner skin of an onion in the mouth; and speaking- 
trumpets directed the sounds to whatever position was 
occupied by the bird. About the year 1825 Charles, 
a Frenchman, exhibited a copper globe, carrying four 
speaking-trumpets, which was suspended in a light 
frame in the centre of a room. Whispers uttered near 
to this apparatus were heard by a confederate in an 
adjoining room by means of a tube passing through the 
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frame and the floor, and answers issued from the trum- 
pets ina loud tone. And of late years have appeared 
more than one illusion of a similar order, in which the 
talking and singing of a distant person issue from an 
isolated head or figure by aid of ear-trumpets secretly 
contained within parts in which, from their outside 
form, the presence of such instruments would not be 
suspected. It is probable that the automaton trum- 
peters of Kaufmann and of Maelzel were clever decep- 
tions of the same kind. As described in the Journal 
de Mode, 1809, Maelzel’s life-size figure had the musi- 
cal instrument fixed inthe mouth; the mechanism was 
wound up, and a set series of marches, army calls, and 
other compositions was performed, accompaniments 
being played by a real band. Mechanical counterparts 
of the human lips, tongue, and breath, both in speech 
and in playing certain musical instruments, have, 
however, been constructed,—as in Vaucanson’s cele- 
brated automaton flute-player, which was completed in 
1736; the same mechanician’s: tambourine and flageo- 
Jet player, which was still more ingenious, as, the 
flageolet having only three holes, some of the notes 
were produced ie half-stopping; Abbé Mical’s heads 
which articulated syllables, and his automata playing 
upon instruments; Kempelen’s and Kratzenstein’s 
4a emanate in the latter part of last century ; 
the speaking-machine made by Fabermann of Vienna, 
closely imitating the human voice, with a fairly good 
pronunciation of varions words; the automaton clar- 
1onet-player constructed by Van Oeckelen, a Dutchman, 
and exhibited in New York in 1860, which played airs 
from a barrel like that of a crank-organ, and could take 
the clarionet from its mouth and replace it; and, lastly, 
Maskelyne’s two automata, ‘‘ Fanfare ”’ (1878) playing 
a cornet, and ‘‘ Labial’’ (1879) playing a euphonium, 
both operated by mechanism inside the figures and 
supplied with wind from a bellows placed separately 
mpon the stage. 

Lucian te'ls of the magician Alexander in the 2d 
century that he received written questions enclosed in 
sealed envelopes, and a few days afterwards delivered 
written responses in the same envelopes, with the seals 
apparently unbroken; and both he and Hippolytus 
explain several methods by which this could be effected. 
In this description we have the germ of ‘‘ spirit-reading”’ 
and “‘spirit-writing,’’ which. introduced in 1840 by 
Anderson, ‘‘'The Wizard of the N orth,’’ became com- 
mon in the répertoire of modern conjurors,—embracing 
a variety of effects from an instantaneous substitution 
which allows the performer or his confederate to see 
what has been secretly written by the audience. The 
so-called ‘‘second-sight’”’ trick depends upon a system 
of signalling between the exhibitor, who moves among 
the audience collecting questions to be answered and 
articles to be described, and the performer, who is 
blindfolded on the stage. As already stated, the speak- 
ing figure which Stock showed to Professor Beckmann, 
at Gottingen, about 1770, was instructed by a code of 
signals. In 1783 Pinetti had an automaton figure 
about 18 inches in height, named the Grand Sultan or 
Wise Little Turk, which answered questions as to cho- 
sen cards and many other things by striking upon a 
bell, intelligence being communicated to a confederate 
by an ingenious ordering of the words, syllables, or 
vowels in the questions put. The teaching of Mesmer 
and feats of alleged clairvoyance suggested to Pinetti 
a more remarkable performance in 1785, when Signora 
Pinetti, sitting blindfold in a front box of a theatre, 
replied to questions and displayed her knowledge of 
articles in the possession of the audience. Half a cen- 
tury later this was developed with greater elaboration, 
and the system of telegraphing cloaked by intermixing 
signals on other methods, first by Robert-Houdin in 
1846, then by Hermann in 1848, and by Anderson at 
a later period. Details of the system of indicating a_ 
very large number of answers by slight and unper- 
ceived variations in the form of question are given by 
F. A. Gandon, La Seconde Vue Dévoilée, Paris, 1849. 

VoL. XV.—696 
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Fire tricks, such as walking on burning coals, breath- 
ing flame and smoke from a gall-nut filled with an 
inflammable composition and wrapped in tow, or dip- 
ping the hands in boiling pitch, were known in early 
times, and are explained by Hippolytus (iv. 33). At 
the close of the 17th century Richardson astonished the 
English public by chewing ignited coals, pouring melted 
lead (really quicksilver) upon his tongue, and swallow 
ing melted glass. Strutt, in Sports and Pastimes of 
the People of England, relates how he saw Powel the 
fire-eater, in 1762, broil a piece of beefsteak laid upon 
his tongue,—a piece of lighted charcoal being placed 
under his tongue which a spectator blew upon with a 
bellows till the meat was sufficiently done. This man 
also drank a melted mixture of pitch, brimstone, and 
lead out of an iron spoon, the stuff blazing furiously. 
These performers anointed their mouths and tongues 
with a protective composition. 

Galen speaks of a person in the second century who 
relighted a blown-out candle by holding it against a 
wall or a stone which had been rubbed with sulphur 
and naphtha; and the instantaneous lighting of can- 
dles beeame a famous feat of later times. Baptista 
Porta gave directions for performing a trick entitled 
‘‘many candles shall be lighted presently.’? Thread 
is boiled in oil with brimstone and_ orpiment, 
and when dry bound to the wicks of candles; 


and, one being lighted, the flame runs to them 
all. He says that on festival days they are wont 
to do this among the Turks. ‘‘Some call it 


Hermes his ointment.’’ In 1783 Pinetti showed two 
figures sketched upon a wall, one of which put out a 
candle, and the other relighted the hot wick, when the 
candle was held to their mouths. By wafers he had 
applied a few grains of gunpowder to the mouth of the 
first, and a bit of phosphorus to that of theother. A 
striking trick of this conjuror was to extinguish two 
wax candles and simultaneously light two others at a 
distance of 3 feet, by firing a pistol. The candles were 
placed in a row, and the pistol fired from the end 
where the lighted candles were placed; the sudden 
blast of hot gas from the pistol blew out the flames and 
lighted the more distant candles, because in the wick 
of each was placed a millet-grain of phosphorus. <A 
more recent conjuror showed a pretty illusion by ap- 
pearing to carry a flame invisibly between his hands 
from a lighted to an unlighted candle. What he did 
was to hold a piece of wire for a second or two in the 
flame of the first candle, and then touch with the 
heated wire a bit of phosphorus which had been in- 
serted in the turpentine-wetted wick of the other. But 
in 1842 Louis Dobler, a German conjuror of much ori- 
ginality, surprised his audience by lighting two hun- 
dred candles instantaneously upon the firing of a-pistol. 
This was the earliest application of electricity to stage 
illusions. The candles were so arranged that each 
wick, black from previous burning, stood a few inches 
in front of a fine nozzle gas-burner projecting hori- 
zontally from a pipe of hydrogen gas, and the two 
hundred jets of gas passed through the same number 
of gaps ina conducting-wire. An electric current leap- 
ing in a spark through each jet of gas ignited all simul- 
taneously, and the gas flames fired the candle wicks. 
Robert-Houdin, who opened his ‘‘ Temple of Magic”’ 
at Paris in 1845, originated the application of electro- 
magnetism for secretly working or controlling mechan- 
ical apparatus in stage illusions. He first exhibited in 
1845 his light and heavy chest, which, when placed 
upon the broad plank or ‘“‘rake’’? among the specta- 
tors, and exactly over a powerful electromagnet hidden 
under the cloth covering of the plank, was held fast at 
pleasure. In order to divert suspicion Houdin showed 
a second experiment with the same box, suspending it 
by a rope which passed over a single small pulley at- 
tached to the ceiling; but any person in the audience 
who took hold of the rope to feel the sudden increase 
in the weight of the box was unaware that the rope, 
while appearing to pass simply over the pulley, really 
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passed upward over a winding-barrel worked as re- 

uired by an assistant. Remarkable ingenuity was 
Caplayed in concealing a small electromagnet in the 
handle of his glass bell, as well as in his drum, the 
electric current passing through wires hidden within 
the cord by which these articles were suspended. In 
one of Houdin’s illusions—throwing eight half-crowns 
into a crystal cash-box previously set swinging—elec- 
tricity was employed in a different manner. ‘Top, bot- 
tom, sides, and ends of an oblong casket were of trans- 
parent glass, held together at all the edges by a light 
metal frame. The coins were concealed under an 
opaque design on the lid, and supported by a false lid 
of glass, which was tied by cotton thread to a piece of 
platinum wire. Upon connecting the electric circuit, 
the platinum, becoming red hot, severed the thread, 
letting fall the glass flap, and dropping the coins into 
the box. 

Down to the latter part of last century no means of 
secretly communicating ad libitum motions to appa- 
rently isolated pieces of mechanism had superseded the 
clumsy device of packing a confederate into a box on 
legs draped to look like an unsophisticated table. 
Pinetti placed three horizontal levers close beside each 
other in the top of a thin table covered by a cloth, 
these levers being actuated by wires passing through 
the legs and feet of the table, and to the confederate 
behind a scene or partition. -In the pedestal of each 
piece of apparatus which was to be operated upon 
when set loosely upon the table were three corre- 
sponding levers hidden by cloth; and, after being ex- 
amined by the audience, the piece of mechanism was 
placed upon a table in such a position that the two 
sets of levers exactly coincided, one being superimposed 
upon the other. In one ‘‘effect’’ the confederate 
worked a small bellows in the base of a lamp, to blow 
out the flame; in another he let go a trigger, causing 
an arrow to fly by a spring from the bow of a doll 
sportsman; he actuated a double-bellows inside a 
bottle, which caused flowers and fruit to protrude from 
among the foliage of an artificial shrub, by distending 
with air a number of small bladders shaped and painted 
to represent them; he opened or shut valyes which 
allowed balls to issue out of various doors in a model 
house as directed by the audience; and he move the 
tiny bellows in the body of a toy bird by which it blew 
out a candle. Other conjurors added more compli- 
cated pieces of apparatus—one being a clock with small 
hand moving upon a glass disk as required by the 
audience. The glass disk carrying the numbers or let- 
ters was in reality two, the back one being isolated by 
ratchet teeth on its periphery hidden by the ring frame 
which supported it, and, though the pillar-pedestal 
was separated into three pieces and shown to the specta- 
tors, movable rods, worked by the table levers, were in 
each section duly covered by cloth faces. Another 
mechanical trick, popular with Torrini, Houdin, Phil- 
ippe, and Robin, and worked in a similar way, was a 
little harlequin figure which rose out of a box set upon 
the table, put his legs over the front of the box and 
sat on the edge, nodded his head, smoked a pipe, blew 
out a candle, and whistled a one-note obbligato to an 
orchestra. Robert-Houdin employed, instead of the 
table levers, vertical rods each arranged to rise and fall 
in a tube, according as it was drawn down by a spiral 
spring or pulled up by whip-cord which passed over a 
pulley at the top of the tube and so down the table-leg 
to the hiding-place of the confederate. In his centre 
table he had ten of these “ pistons,’’ and the ten cords 
parte under the floor of the stage terminated at a key- 

oard. Various ingenious automata were actuated by 
this means of transmitting motion; but the most elabo- 
rate piece of mechanical apparatus constructed by Hou- 
din was his orange tree. ihe oranges, with one excep- 
tion, were real, stuck upon small spikes, and concealed by 
hemispherical screens which were covered with foliage ; 
and the screens, when released by the upward pressure 
of a piston, made half a turn, and disclosed the fruit. 
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The flowers were hidden behind foliage until raised above 
the leaves by the action of another piston. Near the top 
of the tree an artificial orange opened into four portions ; 
while two butterflies aiteched to two light arms of 
brass rose up behind the tree, appeared on each side 
by the spreading of the arms, and drew out of the 
open orange a handkerchief which had been borrowed 
and vanished away. 

It is remarkable how many of the illusions regarded 
as the original inventions of eminent conjurors have 
been really improvements of older tricks. Hocus 
Pocus Junior, The Anatomy of Legerdemain (4th 
edition, 1654), gives an explanatory cut of a method 
of drawing different liquors out of a single tap in a 
barrel, the barrel being divided into compartments, 
each having an air-hole at the top, by means of which 
the liquid in any of the compartments was withheld or 
permitted to flow. Robert-Houdin applied the prin- 
ciple to a wine-bottle held in his hand from which he 
could pour four different liquids regulated by the un- 
stopping of any of the four tiny air-holes which were 
covered by his fingers. A large number of very small 
liqueur glasses being provided on trays, and containing 
drops of certain flavoring essences, enabled him to sup- 
ply imitations of various wines and liquors, according 
to the glasses into which he poured syrup from the 
bottle; while by a skillful substitution of a full bottle 
for an empty one, or by secretly refilling in the act of 
wiping the bottle with a cloth, he produced the im- 
pression that the bottle was ‘‘inexaustible.’’ In 1835 
was first exhibited in England a trick which a Brahman 
had been seen to perform at Madras several years be- 
fore. Ching Lau Lauro sat crossed-legged upon noth- 
ing,—one of his hands only just touching some beads 


hung upon a genuine hollow bamboo which was set 


upright in a hole on the top of a wooden stool. The 
placing of the performer in position was done behind 
a screen; and the explanation of the mysterious sus- 
pension is that he passed through the bamboo a strong 
iron bar, to which he connected a support which, con- 
cealed by the beads, his hand, and his dress, upheld 
his body. In 1849 Robert-Hondin reproduced the idea 
under the title of ethereal suspension,—professedly 
rendering his son’s body devoid of weight by admin- 
istering vapor of ether to his nose, and then, in sight 
of the audience, laying him in a horizontal position in 
the air with one elbow resting upon a staff resembling 
a long walking-stick. The support was a jointed iron 
frame under the boy’s dress, with cushions and belts 
passing round and under the body. Subsequently the 
trick was improved upon by Sylvester—the suspended 
person being shown in several changes of position, 
while the sole supporting upright was finally re- 
moved. For the latter deception the steel upright was 
made with polished angular faces, apex toward the 
spectators, and acted in a dim light on the same princi- 
ple as the mirrors of a Sphinx table. Before lowering 
the light, the reflector bar is covered by the wood staff 
set up before it. 

The mysterious vanishing or appearing of a person 
under a large extinguisher upon the top of a table, and 
without the use of mirrors, was first performed b 
Comus, a French conjuror very expert in the cups-and- 
balls sleight-of-hand, who, appearing in London in 
1789, announced that he would convey his wife under 
a cup in the same manner as he would balls. The feat 
was accomplished by means of a trap in a box table. 
Karly in the present century Chalons, a Swiss con- 
juror, transformed_a bird into a young lady, on the 
same principle. In 1836 Sutton varied the feat by 
causing the vanished body to reappear under the 
crust of a great pie. Houdin ‘‘vanished’’ a person 
standing on a table top which was shown to be only a 
few inches thick; but there was a false top which was 
let down like the side of a bellows, this distension be- 
ing hidden by a table-cloth hanging sufficiently low for 
the purpose, and the person, when covered by the ex- 
tinguisher, entered the table through a trap-door 
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opening upwards. Robin, in 1851, added to the won- 
der of the trick by vanishing two persons in succession, 


without any possibility of either escaping from the 


table, —the two persons really packing themselves into 
a space which, without clever arrangement and prac- 
tice, could not hold more than one. ‘The sword-and- 
basket trick was common in India many years ago. In 
one form it consisted in inverting an empty basket 
over a child upon the ground ; after the child had se- 
creted himself between the basket-bottom and a belt 
concealed by a curtain painted to look like the actual 
wicker bottom, a sword was thrust through both sides 
of the basket, the child screaming, and squeezing upon 
the sword and upon the ground a blood-colored liquid 
from a sponge. When the performer upset the bas: 
ket the child could not be seen; but another child 
similarly costumed suddenly appeared among the spec- 
tators, having been up to that time supported by a 
pair of stirrups under the cloak of a confederate among 
the bystanders. In another form an oblong basket is 
used large at the bottom and tapering to the top, with 
the lid occupying only the central portion of the top, 
and the child is so disposed round the basket that the 
sword plunged downwards avoids him, and the per- 
former can step inside and stamp upon the bottom to 
prove that the basket is empty. | In 1865 Stodare in- 
troduced the trick into England, but in a new manner. 
Upon light tressels he placed a large oblong basket; 
and after a lady attired in a profuse muslin dress had 
composed herself and her abundance of skirt within, 
after the lid had been shut and the sword plunged 
through the sides, the basket was tilted towards the 
audience to show that it was empty, and the lady re- 
appeared in a gallery of the hall. The basket was 
formed with an outer shell to turn down, leaving the 
lady with her dress packed together lying upon the 
basket bottom and behind what had formed a false 
front side,—the principle being the same as in the 
clown’s box, which, when containing a man, is rolled 
over to display the inside empty. The reappearing 
lady was a double, or twin sister. 
mong the most meritorious and celebrated me- 
chanical illusions have been the automaton figures 
secretly influenced in their movements by concealed 
operators. In the 17th century M. Raisin, organist 
of Troyes, took to the French court a harpsichord 
which, played airs as directed by the audience; but, 
upon opening the instrument, Louis XIV. discovered 
a youthful performer inside. In 1769 Baron Kem- 
pelen, of Pressburg, in Hungary, completed his chess- 
layer, which for a long time remained the puzzle of 
Paros. It was an illusion,—the merit consisting in 
the devices by which the confederate player was hid- 
den in the cabinet and body of the figure, while the in- 
terior was opened in successive instalments to the 
scrutiny of the spectators. The first. player was a 
Polish patriot, Worousky, who had lost both legs in a 
campaign; as he was furnished with artificial limbs 
when in public, his appearance, together with the fact 
that no dwarf or child travelled in Kempelen’s 
company, dispelled the suspicion that any person 
could be employed inside the machine. This automa- 
ton, which made more than one tour to the capitals 
and courts of Hurope, and was owned for a_ short 
time by Napoleon I., was exhibited by Maelzel after 
the death of Kempelen in 1819, and ultimately per- 
ished in a fire at Philadelphia in 1854. A revival of 
the trick appeared in Hooper’s ‘‘ Ajeeb,”’ shown a few 
years ago at the Sydenham Crystal Palace and else- 
where. Still more recently a chess-playing figure, ‘‘ Me- 
phisto,”” designed by Gumpel, has been on view. No 
space exists for the accommodation of a living player 
within; but, as there is no attempt at isolating the 
apparatus from mechanical communication through 
the carpet or the floor, there is nothing to preclude the 
moving arm and gripping finger and thumb of the 
figure from being Bened be any convenient connection 
Ue iyreads, wires, rods, and levers. In 1875 Maskelyne 


MAGIC. 


9 


a 


11 


j and Cooke produced at the Egyptian Hall, in London, 


an automaton whist-player, ** Psycho,’’ which, trom 
the manner in which it is placed upon the stage ap- 
pears to be perfectly isolated trom any mechanical com- 
munication from without; there is no room within for 
the concealment of a living player by aid of any opti- 
cal or other illusion, and yet the free motions of both 
arms, especially of the right arm and hand in finding 
any card, taking hold of it, and raising it or lowering 
it to any position and at any speed as demanded by 
the audience, prove that the actions are directed from 
without. ‘The arm has all the compl cated movements 
necessary for chess or draught playing; and 
Psycho calculates any sum up to a total of 
99,000,000. What the mysterious means of 
connection are has not yet been discovered ; 
or, at any rate, down to the time of writing 
this article there has appeared no correct imitation of 
this joint invention of John Nevil Maskelyne and John 
Algernon Clarke. Perhaps a still more original au- 
tomaton is Maskelyne’s figure ‘‘ Zoe,’’? constructed in 
1877, which writes and draws at dictation of the audi- 
ence, yet cannot have a living person within, and could 
not be more completely severed from all conceivable 
means of control without. ‘‘ Zoe,’’ a nearly life-size 
but very light doll, sits loose upon a cushioned skeleton- 
stand, of which the solid feet of the plinth rest upon 
a thick plate of clear glass laid upon the floor-cloth or 
carpet of the stage. ‘‘ Psycho,’ a smaller Oriental 
figure, sitting cross-legged on a box, is supported by a 
single large cylinder of clear glass, which, as originally 
exhibited, stood upon the carpet of the stage, but was 
afterwards set loose upon a small stool, having solid 
wood feet ; moreover, this automaton may be placed in 
almost any number of different ways. ‘Thus, from the 
precautions observed in the isolation of Maskelyne’s 
automata, no current of electricity, no magnetic attrac- 
tion, no hydraulic or pneumatic force can reach them, 
or, if it could, would not account for the many and 
delicate movements which they execute; and there can 
be no wires, threads, or hairs, passing in any direction 
away from the figures, seeing that persons from the 
audience admitted close around the figures while they 
are In operation could not fail to observe them. It may 
be mentioned that, in the same year in which ‘* Psycho”’ 
appeared, the joint inventors patented a method of 
controlling the speed of clock-work mechanism by com- 
pressed air or gas stored in the pedestal of an automa- 
ton, this compressed fluid acting upon a piston in a 
cylinder and also upon a rotating fan when a valve is 
opened by ‘‘an electrical or other connection worked 
by the foot of the performer or an assistant.’’ But it 
is not known whether the principle obscurely described 
in the specification was applicable in any way to the 
invisible agency employed in ‘‘ Psycho”’ or in ‘‘ Zoe,”’ 
or whether it had reference to some other invention 
which has never been realized. The whist-playing au- 
tomaton is affirmed to be the only one of Maskelyne’s 
many subtle inventions in which he received sugges- 
tions from another person. 

That a mysterious and apparently elaborate mechani- 
cal movement may, after all, possess the utmost sim- 
plicity is illustrated by the familiar conjuring trick 
known as ‘‘rising cards.’’ Four cards having been 
chosen by the audience and returned to the pack, this 
is placed end upwards in a glass goblet, or in a thin 
case not deep enough to hide the pack, upon the top 
of a decanter or upon a stick. At command, the cards 
rise, one at a time, out of the pack; one rises part of 
the way and sinks back again; one rises quickly or 
slowly as directed; one comes out feet first, and, on 
being put back again, rises head upwards like the 
others; and one dances in time to music, and finally 
jumps out of the pack. At the conclusion there re- 
main only the goblet or the case and the cards, subject 
to the mimutest examination of any one from the audi- 
ence, without a trace of moving mechanism visible. 
This was one of the chief jeux of Comte, the French 
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conjuror and ventriloquist, at the end of last century, 
and in varied forms has been popular to the present day. 
Probably it was suggested by the earlier device of the 
golden head dancing in a glass tumbler, which is de- 
scribed in Zhe Conjurer Unmasieed, 1790. Several crown 
pieces were put in the glass, a small gilded head above 
them, and a plate or other flat cover laid upon the 
mouth of the glass; yet the head thus isolated jumped 
inside the glass so as to count numbers and answer ques- 
tions. ‘The secret communicator of motion was a fine 
silk thread attached to the head and passing through a 
tiny notch cut in the lip of the glass and so to a con- 
federate who pulls it. In the case of the rising cards the 
whole of the movements are effected by arranging a 
single silk thread in the previously prepared pack, 
passing over some cards and under others, and led 
yxehind the decanter or other support to the stage and 
thence to the confederate. As this infinitely simple 
mechanical agent is drawn altogether out of the pack 
after the last card has risen, literally no trace remains 
of any means of communicating motion to the cards. 
Oriental ingenuity, which furnished the original idea 
of the ethereal suspension trick, contributed the 
Chinese rings introduced into England in 1834; also 
the Chinese feat of producing a bowl of water with 
gold-fish out of a shawl, first seen in England in 1845, 
and the Indian rope-tying and sack feats upon which 
the American brothers Davenport founded a distinct 
order of performances in 1859. Their quick escape 
from rope bonds in which they were tied by represen- 
tatives of the audience, the instantaneous removal of 
their coats ina dark séance, leaying themselves still 
bound, and their various other so-called ‘‘ phenomena’’ 
were exposed and imitated by Maskelyne, who, in 1860, 
greatly surpassed any feats which they had accom- 
plished. He proceeded to exhibit himself floating in 
the air, to show “‘ materialized spirit forms,’’ and to 
present a succession of wonders of the spirit mediums 
in novel performances down to the present time. One 
of Maskelyne’s cleverest inventions was the box which 
he constructed in 1860; it closely fitted when he 
packed himself in a cramped position within; it was 
enclosed in a canvas wrapper, corded with any length 
and complicated meshing of rope, and the knot sealed, 
yet his escape was effected in the brief space of s&ven 
seconds. ‘Taking more time, he performed the con- 
verse of these operations except the sealing. Pro- 
vided with the wrapper and the open box, himself 
standing outside, he ae a curtain before him to con- 
ceal the modus operandi, and ina few minutes was 
found in the box, which, though so small as to permit 


no limb to be moved more than a few inches, he ney- | 


ertheless wrapped and corded as exactly as if he had 
operated from the outside. Partially imitated with 
trick boxes of larger size, this feat has never been 
executed under the same conditions by any other 
conjuror; and the process of escape and repacking 
has never been fully elucidated. (J. A. CL.) 
MAGIC LANTERN is the name given to an 
optical instrument for projecting on a white wall 
or screen largely magnified representations of trans- 
parent pictures painted or photographed on glass. 
The invention of the magic lantern is usually at- 
tributed to Athanasius Kircher, who died in 1680, 
although, according to some, it was known four cen- 
turies earlier to Roger Bacon (see p. 208). For 
long after its discovery the magic lantern was used 
chiefly to exhibit comic pictures, or in the hands of 
so-called wizards to summon up ghosts and perform 
other tricks astonishing to those who were igno- 
rant of the simple optical principles employed. 
Within the last twenty or thirty years, however, 
and mainly on account of the invention of photog- 
raphy, the magic lantern has been greatly im- 
proved in construction, and its use widely extended. 
y its means finely executed photographs on glass 
can be shown greatly magnined to large audiences. The 
scientific lecturer is thus saved the trouble and expense 
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of preparing large diagrams, besides having his subject 
better illustrated. When suitably constructed, the 
magic lantern can be used in the form of a microscope 
to exhibit on a screen the forms and movements of 
minute living organisms, or to show to an audience 
delicate physical and chemical experiments which could 
otherwise be seen only by a few at a time. 

The magic lantern in its simplest form is represented 
in fig. 1. Aisa dark box surmounted by a suitable 
chimney for carrying off the products of combustion 
from the source of light L, which is placed in the focus 
of a spherical reflector. On the side opposite the re- 
flector the box is pierced by a round hole, into which 
is fitted the metal tube D, which may either be eylin- 
drical or slightly tapered. To the inner end of the 
tube D is fitted a ae or combination of lenses C 
called the ‘‘condenser.’’? Immediately in front of the 
condenser, and at right angles to the axis of the tube, 
is a vertical slit S for receiving 
the transparent pictures usually 
called ‘‘slides.”’? To the outer 
end of D is fitted a lens or com- 
bination of lenses O called the 
‘objective’? or ‘‘ projecting 
lens.’’? At a suitable distance 
from © is placed the screen for 
receiving the magnified picture 
—the screen and slit being in the 
conjugate foci of the lens 
Since the objective reverses, the 
picture must be inserted in the 
slit upside down. The objective can be moved back- 
wards and forwards in the tube D by means of a rack 
and pinion. Since the screen and 
slide are in the conjugate foci of O 
the diameter of the picture on the 
screen has the same ratio to the 
screen’s distance from O that the 
diameter of the picture on the slide 
has to the slide’s distance from O. 
The ratio adopted is generally 1 to 
3 or 4. 

Source of Tight.—Almost any 
good source of light can be used in 
the magic lantern. In the earlier 
forms a simple oil light was used ; 
and in the toy forms either an oil 
light or simple gas-flame is still 
employed. Better effects are ob- 
tained from the Argand fountain 
\lamp (fig. 2) or from the common Argand gas burner 
with a glass chimney. In the sciopticon (fig. 3)—a 
‘handy and excellent form recently introduced—a spe- 


Fia. 2,—Argand Foun- 
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Fic. 3.—Sciopticon. 


| cially constructed paraffin lamp is employed with three 
| parallel flat wicks set edgeways to the condenser. With 


MAGIC LANTERN. 


this lamp a clear, well-defined picture varying from 6 | 


to 10 feet in diameter can be readily thrown on the 
screen. For the best effects, however, recourse must 
be had to the oxy-calcium light (fig. 4), in which a 
small cylinder of lime is heated to intense luminosity 
in the flame of a spirit lamp through which a jet of 
oxygen plays; the Oxy-uypRoGEN Liaur (q¢.v.); the 
magnesium light, in which two narrow ribands of 
magnesium are put through slits by a clock-work ar- 
rangement and burn as they advance; or, best of all,— 
unless when sunlight can be used with the aid of a 
heliostat (see HrniograpHy),—the electric light. 
Condenser and Objective. —The object of the condenser 
(fig..5, C) is to collect as much light as possible from the 
source, and 
to pass it 
through the 
trans parent 
picture — in 
theslit. For 
this — pur- 
pose the 
condenser 
should sub- 
tend as large 
an angle as 


possible at 
the source Fic. 4.—Oxy-caleium Lamp, 


of light. To 

secure this, the condenser should be tolerably large, and 
its distance from the light, that is, its focal length, 
small]. Since 
effective sin- 
gle lenses of 
large diame- 
ter are ne- 
cessarily of 
long focus, a 
really good 
condenser of 
considerable 
diameter 
and yet of 
short focus 
must be a 
combination 
of two-or more lenses. 

Let fi and fz be the focal lengths of two lenses, and f the 
focal length of their combination. Then, neglecting the 
thickness of the lenses, we have when the two are close 
together 


Fie. 5.—Condenser and Objective. 
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less than either fi or f2 provided these are not zero. Sup- 
pose, for example, two lenses of 6 and 10 inches focal length 
respectively; the focal length of their combination will be 


6x10 = 
6-- 10 
In the earlier lanterns, as still in the cheaper forms, only 
a single plano-convex lens or bull’s-eye was employed as a 
condenser. Better effects are produced by two such len- 
ses. Perhaps the best condenser for ordinary work is 
that proposed by Herschel and represented in fig. 5, 
O, consisting of a biconvex lens and a meniscus mounted 
together with the concave side of the meniscus next the 
light. The diameter of such a condenser is about 6 in- 
ches, and its focal length a little over 3 inches. The 
focus must not be so short as to bring the lens too near 
the light, and render it liable to crack from the intense 
heat. In some lanterns this is guarded against by plac- 
ing a plate of thin glass between the condenser and 
the light. In the sciopticon (fig. 3) the condenser con- 
_ sists of two plane-convex lenses, each about 4 inches 
in diameter. Condensers of large diameter are not so 
essential now as formerly, seeing that small pictures 
can easily: be produced by photography. 


32 inches. 


| in ordinary photogra 
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screen. In toy lanterns it is a simple double-convex 
lens of short focus. This, however, can only produce 
a small picture, and that not very distinct at the edves. 
The best objective is the portrait combination lens used 
phic cameras. ‘These are carefully 
corrected both for veneien and chromatic aberration, 
which is absolutely essential in the objective, although 
not so necessary in the condenser. It is essential, how- 
ever, that the condenser be free from cracks or flaws, 
as these would appear and mar the picture. 
Slides.—These are pictures, painted with trans- 
parent water or oil colors, or photographed on pieces 
of glass. The pieces of glass are usually fixed in small 
wooden frames for insertion in theslit. If parts of the pic- 
ture are to be movable, two disks of glavs are employed, 
the one movable in front of the other, the fixed part of 
the picture being painted on the fixed disk and the mova- 
ble part on the other. By means of a lever the latter 
disk is moved in its own plane; and in this way a cow 
for instance can be represented drinking, or a donkey 
cutting amusing capers. A lever slide is represented 


Fie, 6.—Lever Slide. 


in fig. 6. In the chromatrope slide (fig. 7) two circu- 
lar disks of glass are placed face to face, each contain- 
ing a design radiating from the centre, and painted 
with brilliant transparent colors. By a small pinion 
gearing in toothed wheels or endless bands the disks 
are made to move in opposite directions in their own 
plane. The effect produced is a singularly beautiful 
change of design and color. In astronomical slides the 
motions of the heavenly bodies, eclipses, the phases 
of the moon, or the like are similarly represented by 
mechanical means. Slides can also be made from nar- 
row glass tanks with parallel sides. When these are 
filled with water containing delicate living organisms the 
forms and movements of the latter are beautifully seen. 
Such tanks can also be employed to show such pheno- 
mena as the gradual abil of crystals, the electrolysis 
of water between platinum electrodes, etc. A great 


Fic. 7.—Chromatrope. 


The function of the objective (fig. 5, O) is to produce | variety of physical and chemical experiments can be 
a magnified inverted image of the picture on the! shown in this way, 
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Dinnoloing View Vor this purpose two mage lantern 
he necesiiry, aerinwed elther aide by aide or the one on the 
top ol the other The fronts of the lanterns ave slightly 
lnulined to ouch other so ae bo make the Wlwintinated disks 
on the seroen due to each lantern colnelde, By means of a 
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Tantlorn Polariseope, 


pul of (hin metallio ahutters terminating In combelile 
feath, and movable by a engl ov lover, the light from either 
lintern Gan be gradually cub off at the same tine that the 


light freon the othor in allowed gradually to fall on the 
neraon, Tn this way one view appears to melt or dissolve 
lito wnolher, Thin arrangement wie feat adopted by Childe 
in tet 


Photon te eran pement the plotures on the 
AOreOn Appou! radially to diereise or dimtaiah ta sive mine 
Wiiphtiow. “Po efoot Chit hk sen b transparent sereen of cot 
(on or other anterial ia ised, Che lantem belong behind wand 
(he wudienee a front, The tuitern is mounted on wheels 
(hit ib oan be wapldly moved ap to or withdrawn from the 
AOTOOR nn bombo aerinipenent is provided whereby 
Hi uteouAly WIth thie the objeetive Ih mnde Co approach 
ov rooade from the wlide so na bo foousa the plebure on the 
nereen Tiny positlon of tlie Tater, In this way a very 
AHA plelive appenve puidinlly to prow to enomnous di 
HOC ALOTES 

Lantern Polorinopae Tila, perhapa the moat bewutiful 
modienton ob bhemaede banter for nelentific purposes, con 
Hidtdof in olhowerhaped (ibe, conten tag im lerors, lenses, ebe,, 
wid athwahed to the front of the lantern tn place of the tube 
oonbitilig Cle ohjeetive, Tb ta vepresentod ii seation ta fp, 
® CY ja the dadal condenmer bolonging to the lantern, 
jn wwe ol Chin pli plates bielined ab the polaviving angle 
Hd dh to the wxie of the tube, he bem of polarized Heht 
from 1, veflectod from Go passat through the lenses 2 and 
the analyving Nicola privm 2) wad fallson the sereen, Phe 
ohjecta to be oxamined by the polwrlwed Tplt wre placed in 
(ho denneverde ali O, When thin plates of selonite ov other 
doubly volmeting chyatila ave placed tO, a iost benwtllad 
dinpliy of couplomontivy color te produced on the sereen 
by volating the NiecoUa pein, Alnor all the experiments 
on poluwived Haht can be well shown by thin aminpoment, 

The acloptoow ip, O) lean oxcellont and convenient lan 
torn, very sullable for all the raquivoments of the lecturer, 
ve woll ie for sohool tie ia teaching poography, ete, 

Hoe Trowaler's Opiew) GQanol'a Jvyalea) and Chadwiale'a Acne 
af the Magle Lantern (J, UL.) 


MAGLIO SQUARK, A ingiesquare is one divided 
into any numbor of oqual squares, like a ehess-board, 
in oneh of which ia placed one of wa series of consecutive 
numbers from tup to the square of the number of 
Gollan av side, in such a manner that the sum of those 
in bho same vow or column and in each of the two dia 
wonaly ia constant, 

Krom a yory carly period these squares engaged the 
altontion of mathematicina, especially such a8 Pos 
somal A love OF Che marvellous, or sought to win for 
thomselves a aniporstitious rogard, ‘They were then 
supposed LO posdowd Magionl propertios, and were worn, 
nv in India at the prasent day, enovaven in metal or 
atone, aa amuleta or talismans, Acoording to the 
yale Thaginings of Che old astrologers relations sub- 
nintod botweon those squares and the planets: a Sc[MaAne 
with only one coll, containing 1, aymbolived the unity 
at the doity } vaquare of two, containing the four elo- 
nionta, was the symbol of matter; while those of 8, 4, 
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5, 6,7, 8 were consecrated respectively to Saturn, Ju- 
piter, Mars, the Sun, Venus, and Mereury. In ‘later 
times such ainerss ranked only as mathematical curi- 
osities; till at last their mode of construction was 
systomatically investigated. ‘hese squares were 
al first mere trimmphs of the same dogged per- 
severance as Was in later times exhibited by the 
Dutchman, Ludolph van Ceulen, who, after ¢al- 
culating w to 85 places of decimals, directed, like 
Archimedes, that it should be engraven on his 
tomb, though his industry was surpassed by M, 
de Lagry, who continued the decimal to 127 
laces, ‘Che earliest. known writer on the sub- 
ject was Mimanuel Moscopulus, a Greek, who 
Jived i in the 4th or 5th century, and whose manu- 
script is preserved in the National Library at 
Paris, After him Frenicle constructed magic 
squares, such that if one or more of the encire- 
ling bands of numbers be taken away the remain- 
ing central squares are still magical, Subse- 
quently M, Poignard constructed squares with 
numbers in arithmetical propceastm having the 
magical summations. ‘The later researe thes of M. 
de la Hire, recorded in the Mémotres de 0 Aca- 
démie Royale in 1706, ave interesting as giving general 
methods of construction, He has there collected the 
results of the labors of earlier pioneers; but the subject 
has now been fully systematized, and e xxtended to cubes, 
In order to understand the rest of this article diagram 
A should be carefully examined, A square of 5 has ad- 
joining it one of the eight equal squares by whieh 
any square may be conceived to be surrounded, each 
of which has two sides resting on adjoining ones, while 
four have sides resting on the surrounding square, and 
four meet it only at its four angles, 1, 2,8 are placed 
along the path ofa knight in chess; 4, along the same 
yath, would 
fall in a cell 
of the outer 
square, and 
is placed i in- 
stead in the 
corresp ond- 
ing cell of 
the original 
square 5 5 
then falls 
within the square, a, b, ¢, d@ are placed diagonally i inthe 
syuare; bub «enters the outer square, and is removed 
thence to the same cell of the square it had left, @, B,y,d, 
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e pursue another, but regular, course; and the diagram 
shows how that course is recorded in. the square they 
have twice lett, Whichever ofthe cight surrounding 
squares may be entered, the corresponding cell of the 
contral square is taken instead, The 1.2) Byer Atenas 
by Gy. 1 se 9 % By Ys 2 » » aFO Bald to lie IM paths 
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; \1 a 2, 20 8 2 i 
9 | 12 | 2b | 8 16 8 
17, | 10 | 18 | Ql f | 1 
6/18} Of 14 22 € 
28 . 10 1 16 5 


Sauares whose Roots are Odd, —-Diagrams B, 0, D 
exhibit one of the earliest methods of constructing 
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magic squares, Vere the 4's in B and 2's in © are 
placed in opposite diagonals to secure the two diagonal 
summations; then tok number in © is multiplied by 
5 and added to that in the corvespondin 


nd acl cnumberin B, 
which gives the square D, 


Dingrume MW, I’, GO give M, 


i, q, 
; 0 20) 10 17 4 fh | 28 | JA 
“w ‘Wb i) 8 | 24 | 12 | 16 | 10 
rr 0 | 2 11 | 20 4 4) 22 
0 1 | 16 2 ae Jan a) OU 6} 
Lb 5 0 25 18 | 10 7 1 


de Ja Wire's method; the squares 1, I", being com 
bined ag above, give the magie square G, M, Bachet 
arranged the numbers as in LU, where there are three 


i; 
1 
F 
2 ‘ 
; ° wial] 7|2} 6 
° 4 4\12} 25} 8| 16 
D ‘ 
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numbers in cach of four surrounding squares; 
these being placed in the corresponding cella of the 
K, 
=f | 6 4 | 2 | 18 | 1 7 
4 |—t i | a} 8} ow | 
3 | 8 6 | 10] 18 | 46 | gt 
=—7 \—10 || 23 | 09 | w@] 6 | 8 
BAN: MAT, eA M ie BO |). OB 


central square, the square Lis formed, We also con- 
structed squares puch that if one or more outer 


M. N, 

013138] 0 1/16/14] 4 
2 i 1 2 12 4 vi i) 
| Q 2 i 8] 10) Wd h 
1] 0 () % 18 Hi] 2) 16 


bands of numbers are removed the remaining central 
squares aro magieal, Tis method of forming them 


P, 
i 1, | 8 JL | =O 
mf 7 |lb Li 
, - ) | J 4 
4s wl 6 | —7 


may be understood from a square of 5, Here each 
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summation ig 6b % 135 if therefore 13 is subtracted 
from each number, the summations will be zero, and 
the twenty-five cella will contain the series {, + 2, 
ie By... de 12, the odd cell having 0, The central 
aquare of 3 is formed with four of the twelve numbers 
with | and==signs and zero in the middle; the band 
is filled up with the rest, as in diagram Js then, 18 
being added in each cell, the magic square IK is ob 
tainad, 

Squares whose Roots ave Keen —hese were con 
sirneted in various ways, similar to 
that of 4 in diagrame Ly M, N, Tho 
numbers in M being multiplied by 
4, and the squares L, M being super 
imposed, give N, The applieation 
Of this method to squares the half 
of whowe roota are odd requires a 
complicated adjustment. — Squares 
whose half root in a multiple of 4, 
and in which there are summations along all the die 
agonal pathy, may be formed, by observing, as when 
the root is 4, that the series | to 16 may be changed 
into the series 15, 18,,...8, 1,-1,-8,...,.— 18, 
15, by multiplying each number by 2 and subtract 
17; and vice versa, by adding 17 to each of the latter, 
and dividing by 2 The dlegenal Mimimnations of a 
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square, filled asin diagram O, make zero; and to ob- 
tain the same in the rows and columns, we mush 
assign such values to the p's and q's aa satisfy the 
equations pyr pyk ay be dy (), py pa ty “Fr MG 
0, py py =a, — ty mm 0, and gy “bk py —tg—ayend, 
‘A solution of which is readily obtained by inspee 
tion, a ina diagram Ps this tate low square, diagram 
(), When the root is 4, the upper four subsidiary rows 
may at ones be written, as in dagram I; then, if the 
square be completed, 65 added to cach, and the sume 
halved, the square is completed, Dn sieh aquares ag 
these, the two opposite squares about the same diago- 
nal (except that of 4) may be tumed through any 
number of right angles, in the same direction, without 
altering the summationg, 

Nasik, Squares, Squares that have many more 
summations than in rows, columne, and diagonals have 
been investigated by the Rey, A. TL Mrost (Cambridge 
Math, Jowr,, 1857), wand ealled Nasik squares, from tho 
town in India where he resided; and he has extended 
the method to cubes, various seetions of which have 
the same singular properties, In order to understand 
their construction 1b will be necessary to consider cares 
fully diagram §, which shows that, when the root is a 
prime, and nob composite, number, as 7, eight letters 
a, 0,... Wamay proceed from any, the same, eoll, sup- 
pose that marked 0, each lettor being vepeated in the 
cells along different paths. These sche paths are 
called normal paths, their number being one more than 
the root, Observe here that excepting the cells from 
which any two letters start, they do not oceupy again 
the same coll, and that two letters, starting from any 
two different cella along different paths, will appear 
together in one and only one cell. Tlence, if py be 
placed in the cells of one of the w--1 normal paths, each 
of the remaining » normal paths will contain one, and 
only one, of these py'6, Lf now we fill each row with 
Py Py os. Prin the game order, commencing from 
the p, in that row, the py's, y4'4, and pas will le each 
ina path similar to that of py, and each of the w nors 
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mal paths will contain one, and only one, of the letters 

Pri) Po, + . » Pn, whose sum 

will be 2p. Similarly, ifq, — 

be placed along any of the] a | 9 | s 

normal paths, different - 

from that of the p’s, and| | @| 9 |e¢ | fF 
é 


A) 
° 
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each row filled as above 
with the letters g2, gs, . . . |—|——-|——|—_ 
gn, the sum of theqg’salong|} a|f]|d@]b|g}]e}|e 
any normal path different }—|—— ale 
from that of the q will be |_ 
Zgq. The n? cells of the}a!o]¢]alelf 
square will now be found --|— -|——|— 
to contain all the combina-| 9 | %] 2 |e] A] A] A 
tions of the p’s and q’s; 
and, if the q’s be multiplied by x, the p’s made equal 
to 1, 2;. . +, and the os to 0) 1, 2; . n—l in 
any order, the Nasik square of 2 will be obtained, and 
the summations along all the normal paths, except 
those traversed by the p’s and q’s, will be the constant 
Sng+p. When the root isan odd composite number, 
as 9, 15, ete., it will be found that in some paths, dift 
ferent from the two along which the p, and q, were 
placed, instead of having each of the p’s and g’s, some 
will be wanting, while some are repeated. ‘Thus, in 
the case of 9, the triplets pypyp7, popsPs, PsPoPo, and 
NUIr %2959% WsIoJo Occur, “thi triplet thrice, along 
paths whose summations should be—Xp, 45, and %r, 
36. Butif we make y,95, . . p=, 3, 6, 5, 4, 7, 
9) /8, 2, and the 97,74,) +. 70, 2) D) 4, 3, 6,8, 14 1 
thrice each of the above sets of triplets will equal = yand 
2q respectively. IPfnow the q's are multiplied * 9, 
and added to the p’s in their several cells, we shall 
have a Nasik square, with a constant summation along 
eight of its ten normal paths. In diagram T, the num- 
bers are in the nonary scale ; that in the centre is the 
middle one of 1 to 9’, and the sum of’ pairs of num- 
bers equidistant from and opposite to the central 45 is 
twice 45; and the sum of any number and the 8 num- 
bers 3 from it, diagonally, and in its row and column, 
is the constant Nasical summation, e.g., 72 and 32, 22, 
76, 77, 26, 87, 36, 27. The numbers in T being kept 
in the nonary scale, it is not necessary to add any nine 
of them together in order to test the Nasical synma- 
tion; for, taking the first column, the figures in the 
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7. 

638 | 88 | 74] 18] 8 | 24 | 58 | 48 | 34 
1} 9| 25 | 61 | 49 | 35 | 61 | 89 | 75 
52 | 47 | 36 | 62 | 87 | 76 | 12] 7 | 26 
68 | 84 | 73/18] 4| 23} 58 | 44 | 3% 
19| 5| 21/59 | 45 | 31 | 69 | 85 | 71 
57 | 46 | 32 | 67 | 86 | 72/37] 6 | 22 
64 | 83 | 78 | 14] 3 | 28. 54 | 48 | 38 
5 | 1| 29] 55 41 | 39 | 65 | 81 | 79 
56 | 42 | 87 | 66 | 82 | 77 | 16] 2 | 27 


place of units are seen at once to form the series, 
1, 2,3,....9, and those in the other place three 


U. 
Pads | PoQe | Pads | Pode oki he 
1% )10) 8) 6 
Padi | Pride | D393 | Pia 4 5 6 ae 
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1 | 687) 18))) 12 
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triplets of 6,1, 5. For the squares of 15 the p's and 
q’s may be respectively 1, 2, 10, 8, 6, 14, 15, 11, 4, 18, 
9, 7, 3, 12, 5, and 0, 1, 9, 7, 5, 13, 14, 10, 3, 12, 8, 6, 


MAGIC SQUARE, 


2, 11, 4, where five times the sum of every third num- 
ber and three times the sum of every fifth number 
makes Sp and Xgq; then, if the g’s are multiplied by 15, 
and added to the p’s, the Nasik square of 15 is obtained. 
When the root isa multiple of 4, the same process 
gives us, for the square of 4, the diagram U. Here 
the columns give Xp, but alternately 2q, 2q3, and 2q, 
2q,; and the rows give %q, but alternately 2p,, 273, an 
2p., 2p,; the diagonals giving =p and Yq. if Py Po» 
Psy Pay And GH, Ge» Ys, Gs be 1, 2, 4, 3, and 0, 1, 3, 2, we 
tae the Nasik square of diagram V. <A square like 
this is engraven in the Sanskrit character on the gate 
of the fort of Gwalior, in India. The squares of higher 
multiples of 4 are readily obtained by a similar adjust- 
ment. 


A Nasik cube is composed of n® small equal cubes, here 
called cubelets, in the centres of which the natural numbers 
from 1 to x’ are so placed that every section of the cube by 
planes perpendicular to an edge has the properties of a 
Nasik square; also sections by planes perpendicular to a 
face, and passing through the cubelet centres of any path 
of Nasical summation in that face. Diagram W shows by 
dots the way in which these cubes are constructed. A dot 
is here placed on three faces of a cubelet at the corner, show- 
ing that this cubelet belongs to each of the faces AOB, BOC, 
COA, of the cube. Dots are placed on the cubelets of some 
path of AOB (here the knight’s path), beginning from O, 
also on the cubelets of a knight’s path in BOC. Dots are 
now placed in the cubelets of similar paths to that on BOC 
in the other six sections parallel to BOC, starting from their 
dots in AOB. Forty-nine of the three hundred and forty- 
three cubelets will now contain a dot; and it will be ob- 
served that the dots in sections perpendicular to BO have 
arranged themselves in similar paths. In this manner, p1, 
qm, v1 being placed in the corner cubelet O, these letters are 
severally placed in the cubelets of three different paths of 
AOB, and again along any similar paths in the seven 
sections perpendicular to AO, starting from the letters’ 
position in AOB. Next peqrrr, psqars, . . . piq7’7 are placed 
in the other: cubelets of the edge AO, and dispersed in the 
same manner as pigim1. Every cubelet will then be found 
to contain a different combination of the p’s, qs, and 7s. 
If therefore the p’s are made equal to 1, 2,...7, and the 
q’s and y’s to 0, 1, 2,. . .6, in any order, and the q’s multi- 
plied by 7, and the r’s by 7%, then, as in the case of the 


Nasik Cube. 


squares, the 7° cubelets will contain the numbers from 1 to 
73, and the Nasical summations will be 37r-- S7q--p. If 
2.4, 5 be values of r,p,q, the number for that cubelet is 
written 245 in the septenary scale, and if all the cubelet 
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numbers are kept thus, the paths along which summations | 


are found can be seen without adding, as the seven numbers 
would contain 1, 2, 3,...7in the unit place, and 0, 1, 2, 
. ..6in each of the other places. In all Nasik cubes, if 
such values are given to the letters on the central cubelet 
that the number is the middle one of the series 1 to n’, the 
sum of all the pairs of numbers opposite to and equidistant 
from the middle number is the double of it. 
a Nasik cube the twenty-six surrounding equal cubes be 
placed with their cells filled with the same numbers, and 
their corresponding faces looking the same way—and if the 
surrounding space be conceived thus filled with similar 
cubes, and a straight line of unlimited length be drawn 
through any two cubelet centres, one in each of any two 
cubes,—the numbers along that line will be found to recur 
in groups of seven, which (except in the three cases where 
the same p, g, or r recur in the group) together make the 
Nasical summation of the cube. Further, if we take n 
similarly filled Nasik cubes of n, n new letters, s1, 82, . . . 8», 
can he so placed, one in each of the n* cubelets of this group 
of n cubes, that each shall contain a different combination 
of the p’s, q’s, 7’s, and s’s. This is done by placing s1 on 
each of the n* cubelets of the first cube that contain pi, and 
on the n? cubelets of the 2d, 3d,. . . and ath cube that con- 
tain po, p3,...pn respectively. This process is repeated 
with s:, beginning with the cube at which we ended, and 
so on with the other s’s; the n+ cubelets, after multiplying 
the q’s, 7’s, and s’s by n, n?, and n® respectively, will now be 
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8 29 | 28 11 | 14 | 23 | 18 
g0|o7; 2] 7 21} 20! 9 | 16 
— oe ie ee, jain | aceon —— 
4 | 5 | 92 | 25 10 | 15 | 22 | 19 
31 | 26| 3| 6 24 | 17 | 12 | 18 


filled with the numbers from 1 to n4, and the constant sum- 
mation will be 3n°s-+-sn?r--xnq-+-zp. This process may be 
carried on without limit; for, if the x cubes are placed in a 
row with their faces resting on each other, and the corre- 
sponding faces looking the same way, x such parallelopipeds 
might be put side by side, and the n® cubelets of this solid 
square be Nasically filled by the introduction of a new 
letter t; while, by introducing another letter, the n® cube- 
lets of the compound cube of x Nasik cubes might be filled 


Z. 
he 
80 | 21 6 | 15 | 28 | 19 
23 | 18 | 11 6 | 25 
2 pl ol ae 7 | 16 | 29 | 20 5 | 14 
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by the numbers from 1 to n°, and so ad infinitum. When 


the root is an odd composite number the values of the three 
groups of letters have to be adjusted as in squares, also in 
cubes of an even root. A similar process enables us to place 
successive numbers in the cells of several equal squares in 
which the Nasical summations are the same in each, as in 
diagrams X. 

Among the many ingenious squares given by various 
writers, this article may justly close with two by Euler, in 
the Histoire del Académie Royule des Sciences, Berlin, 1759. 
In diagram Y the natural numbers show the path of a 
knight that moves within an odd square in such a manner 
that the sum of pairs of numbers opposite to and equidis- 
tant from the middle figure is its double. In diagram Z 
the knight returns to its starting cell in a square of 6, and 
the difference between the pairs of numbers opposite to and 
equidistant from the middle point is 18. 

A model consisting of seven Nasik cubes, constructed by 
Mr. Frost, can be seen in the South Kensington Museum. 
The centres of the cubes are placed at equal distances in a 
straight line, the similar faces looking the same way in a 
plane parallel to that line. Each of the cubes has seven 
parallel glass plates, to which, on one side, the seven num- 
bers in the septenary scale are fixed, and behind each, on 
the other side, its value in the common scale, 1201, the 
middle number from 1 to 7 occupies the central cubelet of 
the middle cube Besides each cube having separately the 
same Nasical summation, this is also obtained by adding 
the numbers in any seven similarly situated cubelets, one 
in each cube. Also, the sum of all pairs of numbers, in a 
straight line through the central cube of the system, equi- 
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distant from it, in whatever cubes they are, is twice 
1201. 

_ A yery complete bibliographical index of writers on this sub- 
eel is given in Professor Lucas’s Récréations Mathematiques, Paris, 


(A. HLF.) 
MAGISTRATE. 


The term magistrate, derived 


uw) ‘from the Latin magistratus is one of more general 
Also, if around | 


and comprehensive meaning than JUSTICE OF THE 
PEACE, which has already been treated of (vol. xiii. p. 
798), and is of far higher antiquity. In its full signiti- 
vance is indicates one side of the universal public rela- 
tion by which men are connected together as governors 
and governed—in other words, as magistrates and 
people. Of magistrates some are supreme, in whom 
the sovereign power and executive government of the 
state reside, as the king or queen regnant, or the presi- 
dent of a republic, as of the United States; and such 
a funetionary would formally be designated the first 
magistrate of the realm or state. Speaking generally, 
a magistrate may be described as a public civil officer 
invested with legal or other authority ; but the term 
is more particularly applied to subordinate officars, as 
justices of the peace and the like, deriving their 
authority solely from the chief of the state or in virtue 
of legislative enactment. During the Roman republic 
the offices of magistrate and judge were distinct and 
separate. A magistrate was appointed cum jurisdic- 
tione et imperio; toa judge belonged only nuda notio 
sine gurisdictione et inperto. ‘The office of the magis- 
trate was to inquire Mito matters of law ; and whatever 
business was transacted before him was.said to be done 
in jure. he office of the judge was to inquire into 
matters of fact; and whatever was transacted before 
him was said to be done /n judicio. This distinction 
is thus clearly defined by Cicero in his well-known ora- 
tion for Cluentius:—'S Legum ministri, magistratus ; 
lezum interpretes, judices.’”’ When the magistrate 
took cognizance both of the law and the fact he was 
said to administer justice extra ordinem; and the 


judgment so administered was called extraordinary. 


The magistrate, when he decided on matters of law, 
was assisted by a council of ten, called decemvird litibus 
judicandis. To these was added in important cases 
another council of one hundred and five persons, selec- 
ted from each tribe, whose judgment was final; this 
was called judicium centumvirale. After the decline 
of the Roman republic the offices of magistrate and 


judge were united, by which means all judgments be- 


came extraordinary, and the distinction of what was 
done in jure and in judicio was abolished. The mag- 
istrates were chosen only from the patricians in the early 
republic, but in the course of time the plebeians shared 
in these honors. The chief magistrates of Athens were 
designated archons. ‘They were nine in number, and 
none were chosen but such as were descended from 
ancestors who had been free citizens of the republic 
for three generations. They took an oath that 
they would observe the laws, administer justice 
with impartiality, and never suffer themselves to 
be corrupted. ‘They all had the power of punishing 
malefactors with death. The chief among them was 
called archon, and the year took its designation from 
him,—the archon eponymus, who was also constituted 
a sort of state protector of those who were unable to 
defend themselves. The Franks, Lombards, and 
Saxons appear to have been jealous of judicial author- 
ity, and averse to removing what concerned a man’s 
private right out of the hands of his neighbors and 
equals; every ten families are supposed to have had a 
magistrate of their own election, the tything man of 
Hngland, the decanus of France and Lombardy. The 
decanus was the lowest species of judge. 

See Blackstone’s Commentaries, 1825; Cowel, Law Dict., 
1717; Geldart’s Hallifax on the Ciwil Law, 1836; Hallam, 
Middle Ages. 


MAGLIABECHI, Anronro (1633-1714), one of 
the most remarkable bibliophiles of his time, was born 
at Florence, October 28, 1633, and followed the trade 
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of a goldsmith until 1673, when he received the ap- 
pointment of librarian to the grand-duke of Tuscany, 
a post for which he had qualified himself by his vast 
stores of self-acquired learning. He died on July 4, 
1714, bequeathing his large private library tothe grand- 
duke, who in turn handed it over to the city. See 
LipraRigs, vol. xiv. pp. 529, 550. 

MAGNA CHARTA. See CHartTER, and ENne- 
LAND, vol. vill. pp. 276, 277. 

MAGNA GRACIA. See Gracta. 

MAGNESIA, in ancient geography, was the name 
of two cities in Asia Minor, both of considerable in- 
terest and importance. 

(1) A city of Tonia, situated on a small stream flow- 
ing into the valley of the Mezander, whence it was 
commonly called Magnesia ad Mzeandrum. It was 
distant 120 stadia or 15 Roman miles from Miletus, 
and rather less from Ephesus. According to tradition, 
as well as the similarity of names, it was founded by 
a body of colonists from the Thessalian tribe of the 
Magnetes, with whom were associated, according to 


Strabo, some Cretan settlers. It was thus not properly | 


an Jonic¢ city, and for this reason apparently was not 
included among the cities of the Ionie¢ league, though 
superior in wealth and prosperity to most of them, 
except Ephesus and Miletus. It was indeed taken 
and destroyed by the Cimmerians in their irruption 
into Asia Minor (about 660 B.c.), but was soon after 
rebuilt, and gradually recovered its former prosperity. 


It was one of the towns assigned by Artaxerxes to. 


Themistocles for his support in his exile, and there the 
latter ended his days (449 B.c.). In later times it was 
chiefly noted for its temple of Artemis Leucophryne, 
which, according to Strabo, surpassed that at Ephesus 
in the beauty of its architecture, though inferior to it 
in size and wealth. The remains of this temple, as 
well as of the ancient city adjoining it, are still extant, 
and have been laid open by recent excavations. They 
are described by M. Texier (Aste Mineure, vol. iii. ). 


Magnesia continued under the kings of Pergamum to | 


be one of the most flourishing cities in this part of 


Asia, but appears to have gradually declined under the | 


Roman empire, and its name disappears from history, 
though its continued existence is attested by coins as 
late as the time of Gallienus. 

(2) A city of Lydia, about 40 miles northeast of 
Smyrna, which stood on the southern bank of the 


river Hermus, at the foot of Mount Sipylus, from | 


which circumstance it was often called for distinction’s 
sake Magnesia ad Sipylum. It is probable from its 
name that it was founded, like the city of the same 
name in the valley of the Meander, by Magnesian 
colonists from Thessaly ; but we have no authority for 
the fact. Noris any mention of the town found in 
history till 190 B.c., when the Syrian king, Antiochus 
the Great, was defeated under its walls by the Roman 
consul L. Scipio, who derived from his success in this 
campaign the surname of Asiaticus. Magnesia became 
a city of importance under the Roman dominion, and, 
though nearly destroyed by an earthquake in the reign 
of Tiberius, was restored by that emperor, and con- 
tinued to flourish throughout the period of the Roman 
empire. It was one of the few towns in this part of 


Asia Minor that retained its prosperify under the | 
Turkish rule; and MANISA (q¢.v.) is at the present day | 


a large and flourishing town with considerable trade. 
MAGNESIUM, a metallic element (symbol Mg) 

forming a basic oxide ‘‘ magnesia,’ MgO, which in 

some form or other is universally disseminated through- 


out the whole of the earth’s crust, apart from the large | 


masses of mineral consisting essentially of magnesia 
compounds. This accounts for the presence of at least 
traces of magnesia in the ashes of all plants and ani- 
mals, and for its presence in almost all. natural waters. 
In these, however, it in general is present only as a 
quasi-contamination of the lime; in certain mineral 
waters, on the other hand, known as bitter waters (as 
those of Epsom, Sedlitz, Piillna), sulphate of mag- 
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nesia forms the principal solid component: All native 
chloride of sodium is accompanied by magnesia salts, 
including the cases of salt-springs and of ocean-water, 
the latter containing about 0.21 per cent. of magnesia 
as sulphate and chloride. 

_ Of magnesium minerals we may name the follow- 
ing: 

A. Silicates.—(1) Olivine, SiO,.2Mg0O, occasionally 
met with in transparent crystals (‘‘chrysolite’’), but 
more frequently imbedded as an admixture in lava, 
basalt, and other rocks; also in meteorites. (2) Augite 
and (3) hornblende, both MgO.SiO,. The latter more 
frequently than the former forms independent rocks; 
both occur abundantly as components of more ordinary 
mixed rocks, all basalts containing augite asa principal 
component. (4) Serpentine, SiO,2H,0.3(Si0,.2M¢0) 
| +2Aq (meaning 2H,0 loosely combined),—a very com- 

Mon mineral; there are mountain masses consisting 
almost of it alone. In all these silicates, and more es- 
pecially in (2) and (3), the MgO is partly replaced by 
FeO, CaO, MnO, and other isomorphous oxides, these 
latter not unfrequently even predominating over the 
MgO itself. Their names, in fact, represent genera of 
minerals comprising each numerous species. Asbestos 
(so remarkable on account of its exceptional structure, 
which lends itself for the production of fire-proof tex- 
tile fabrics, paper, pasteboard, etc.) must be mentioned 
here, as some varieties fall under hornblende, others 
under chrysotil (included in realecrwess, More purely 
magnesian are—(5) tale, 48iO,.3Me¢O0.H,O (Rammels- 
berg), and (6) meerschaum, 3S8iO,.2MgO 4(?) HO 
(same authority). 

B. Carbonates.—Of these the most abundant are 
the dolomites, all compounds of the carbonates of lime 
and magnesia, «Ca.(1 -a)MgO.CO., where « may 
assume almost any value down to zero, which it actually 
has in ‘‘magnesite,’”? MeOCO,. Bitter spar, MgOCO,, 
_is very similar to and isomorphous with Iceland spar, 
'CaOCQ. 
| ©. Soluble Salts, known chiefly as occurring in the 
famous salt-deposits of Stassfurth in Germany :—kies- 
erite, MgOSO;.H,O (Epsom salt minus 6H,O); car- 
nallite, MgCl. KC]+ 6H,0O; kainite, a hydrated com- 
pound of chlorides and sulphates of miagnesium and 
potassium. 

Any of these minerals may be used, and A (4), B, 
and C are actually used for the preparation of mag- 
nesium compounds. Starting from magnesite, we need 
only subject it to gentle ignition to obtain the oxide 
'MgO; treatment with dilute sulphuric or muriatie 
acid produces the sulphate (Kpsom SAL, q.v.) or the 
chloride, as a solution, contaminated in general,— 
chiefly with iron, also with alumina, and perhaps lime. 
The two former, after peroxidation of the iron by chlo- 
_rine, may be eliminated by digestion with powdered 
“magnesite, and filtered off. The acidified muriate so- 
lution, on evaporation and cooling, deposits transparent 
crystals, MgCl,.6H,0, very hygroscopic, very readily 
soluble in water, and (like the anhydrous salt) soluble 

also in alcohol. When dehydrated by heat it loses 
‘acid (HCI), so that the residue is largely contaminated 
| with oxychlorides, MgCl,.cMgO. Certain of these are 
‘industrially important as cements, used by dentists and 
otherwise. A concentrated solution of the chloride, 
made into a paste with the ignited (CO,-free) oxide, ina 
| few hours hardens into a stone susceptible of polishing 
(Sorel). T'o prepare the anhydrous chloride, the erys- 
tallized or dissolved hydrated salt is evaporated with 
-sal-ammonia to dryness, and the residue (a stable 
double salt) is ignited in platinum. Pure chloride, 
MeClh, remains as a clear liquid, solidifying on cooling 
into a compact aggregate of flexible crystal-leaves of a 
mother-of-pearl lustre. From the chloride the metal 
can be produced, either by electrolyzing the fused sub- 
stance, or (more conveniently) by Caron and Deville’s 
/method: 600 grammes of the chloride, 480 grammes 
‘of powdered fluor-spar, and 230 grammes of finely eut- 
/wp sodium are mixed, and thrown, small portions at a 
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time, into a red-hot crucible, which is then well coy- 
ered. When the reaction, which is violent, is over, 
the contents are well stirred with an iron rod to cause 
the small metal-beads to unite into bigger lumps, which, 
after cooling, are picked from the broken-up mass. 
Sonstadt (who along with Mellor, was the first to 

repare magnesium industrially) substitutes for plain 

gCl, the double chloride of potassium and magnesiuin, 
obtainable synthetically from the hydrated components 
without the use of sal-ammoniace, or simply by ignition 
of pure ecarnallite. To purify the crude metal Sonstadt 
and Mellor distil it ‘‘ per descensum’’ out of an iron 
crucible provided with a pipe piercing the bottom and 
reaching up to almost the lid; an atmosphere of coal- 
gas is established to prevent oxidation of the metal in 
this operation, as also in the subsequent casting of the 
ingot. 

The metal magnesium has the color of silver, and 
remains unchanged in dry air; in ordinary air it tar- 
nishes a little more readily than zinc does. It is mal- 
leable and ductile, but has little tenacity. The specific 
gravity is 1.75; thus it is considerably lighter than 
even aluminium, whose specific gravity is 2.6. It 
fuses and distils at about the same temperatures as 
zinc. It is generally sold in the form of thin ribbon, 
being used for the easy production of highly intense 
light. The ribbon kindlés readily in a candle-flame, 
and then continues burning most intensely by itself, the 
solid oxide produced radiating out abundant light. A 
wire 0.3 millimetre (= .012 inch) thick gives out the 
light of 74 stearine candles weighing 100 grammes 
(tb avoirdupois) apiece (Bunsen and Roscoe). It used 
to be employed for photographing at night, but is now 
superseded by the electric light. Magnesium has the 
exceptional property of combining (at a bright red heat) 
directly with nitrogen gas into Mg,N, (Briegleb and 
Geuther), a greenish-yellow powder, which, when 
heated in steam, yields magnesia and ammonia, NH. 

Of magnesium salts the most important is the sul- 
phate, Kpsom Satur (g.r.) This salt serves as a raw 
material for the preparation of two or three medicinally 
important substances, especially magnesia alba. When 
epsom salt solution is precipitated by carbonate of 
soda, the salt MeOCO.,, first formed, loses carbonic acid 
and takes up water, forming a precipitate of the 
approximate composition BMgCOs.Me(OH),-+2 to 3 
times H,O. When prepared by cold precipitation it 
forms a very light, when in the heat a somewhat 
denser, white powder (magnesia alba levis and ponde- 
rosa). This substance holds an important position in 
the history of chemistry, having served, inthe hands of 
Black, to prove finally the- individual existence of 
magnesia as something distinct from lime, and helped 
him in establishing the true relation between ‘‘ caus- 
tic’’ and ‘‘mild”’ alkalies. Before his time the 
‘*causticity’’ was supposed to go into the ‘‘mild”’ 
substance from the fire ; Black showed that it is owing 
to the loss of a ponderable substance, which he called 
“fixed air,’’ that) is, carbonic acid. It was in this 
memorable research that for the first time in chemistry 
the balance was used for the precise determination of 
quantitative relations. 

Magnesia, the oxide MgO, is produced by the gentle 
ignition of magnesia alba. It is a white powder, ab- 
solutely infusible and non-volatile, and not reducible 
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by charcoal, and is used medicinally. The gently ig- 
nited oxide combines very slowly with water into the 
practically insoluble hydrate MgO.H,O. Magnesia 
when boiled with sugar-water dissolves into a solution 
of saccharate, and in this form is sometimes adminis- 
tered medicinally in lieu of plain magnesia. Magnesia 
alba (also the normal carbonate) dissolves rather 
largely in carbonic acid water. According to R. 
Wagner, one part of MgOCO, dissolves in 760 parts 
of water saturated by carbonic acid under 1 atmosphere 
pressure. Under 6 atmospheres pressure it requires 
only 76 parts of carbonic acid water for its solution. 
Dinneford’s “fluid magnesia’’ is a solution of such 
bicarbonate of magnesia. The bicarbonate solution, 
when allowed to stand in air, deposits crystals of hy- 
drated normal carbonate, MeCO,-+3 or 5H,O. 

Magnesia preparations play agreat part in therapeu- 
tics. The oxide and basic carbonate (also the dis- 
solved forms of saccharate and bicarbonate) are used in 
small doses as anti-acids, in larger ones as very mild 
purgatives, for children more especially. For the lat- 
ter purpose, however, the sulphate is generally pre- 
ferred as acting far more energetically. ‘The nauseous 
bitter taste of the salt can be concealed, to some ex- 
tent, by acidification of its solution with dilute sul- 
phuric acid. Citrate of magnesia, being exceptionally 
free of the “‘ Bittererde’’ taste, was introduced some 
thirty years ago by the French as a pleasant substitute 
for Epsom salt, and it has since come much into 
fashion everywhere, although, weight for weight, it is 
far less efficient than the sulphate. The preparation 
of dry soluble citrate offering difficulties, the French 
originally dispensed it exclusively in the dissolved form 
of ‘‘Limonade au citrate de magnésie,”’ a flavored, 
decidedly acid solution of the salt, rendered efferves- 
cent by addition of some bicarbonate of soda immedi- 
ately before corking up. In England it is generally 
preferred to offer the dry ingredients of the ‘* lhmon- 
ade’’ in the form of ‘‘ granular effervescent citrate of 
magnesia.’’ Magnesia alba is pounded up with an ex- 
cess of citric acid crystals and a few drops of water to 
produce a paste of amorphous acid citrate, which is 
dried at a temperature below 30° C. At higher tem- 
yeratures the salt would pass into a crystalline, insolu- 
ble, and consequently therapeutically valueless modifi- 
cation. The citrate is mixed with bicarbonate of soda, 
citric acid, and sugar, made into a ‘‘dough”’ with 
alcohol, granulated, and dried. The granules, when 
thrown into water, dissolve with effervescence. We 
must not omit to state here that much of what is sold 
under the name is a mere concoction in which Epsom 
salt figures as ‘‘ citrate.”’ 

To test a solution for magnesia, remove whatever 
can be precipitated by means of sulphuretted hydrogen 
or sulphide of ammonium; then eliminate lime, 
baryta, and strontia by precipitation with carbonate of 
ammonia in the presence of sal ammoniac. The mag- 
nesia remains dissolved, and can be precipitated (and 
detected) by addition of phosphate of ammonia (or 
soda) and free ammonia; the salt PO,MgNH,.6H.O 
eradually separates out as a crystalline precipitate. 
This method of course fails when the magnesia is 

resent from the first as phosphate; but we cannot 
fe enter into a consideration of this or any other ex- 


ceptionally difficult case. (Ww. D.) 
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HE word magnetism is derived from the Greek 
word uayvyc, which was applied to an ore of iron 
Derivation possessing a remarkable attractive power 
of the word for iron, and supposed to have been origi- 
Weert nally found near the town of Magnesia, in 

Lydia.! Thus Lucretius writes :— 
1 Gilbert, De Magnete, lib. i. chap. ii., says, ‘‘ Magnesia ad Me- 


andrum ;” but it is uncertain whether this or Magnesia ad Sipy- 
lum is meant. 


Quem Magneta vocant patrio de nomine Graii, 

Magnetum quia fit patriis in finibus ortus. 
This name is said by Plato? to have been given to it 
by Euripides, and he adds that most call it the Hera- 
clean stone. It is needless here to criticise the above 
or other derivations that have been given forthe word ; 

2’Ev tH AlOw Hv Evpiridns piv Mayvirw avdumacev, ot S& woddol 

‘HpdxAecav (Ton, 583 D), See Munro's Lucretius, vol. i. p. 662.- The 
other name is from Heraclea in Lydia. 
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we merely remark that it is now applied to all the 
phenomena kindred to that which first drew attention to 
the magneticiron ore, viz., a selective attraction for iron. 
In the following article we shall give, in the first 
place, a sketch of the leading phenomena of strongly 
magnetic bodies. Te shall then describe a 
provisional theory sufficient to render a gen- 
eral account of these phenomena, and shall 
afterwards proceed to render this theory more precise, 
to develop it to its necessary conclusions, and to com- 
pare these with experiment, indicating where the 
theory is either incorrect or incomplete. Then we 
shall discuss the paramagnetic and diamagnetic proper- 
ties of all bodies, as expounded by Faraday; an ac- 
count will be given of the connection between the mag- 
netic and the other physical properties of bodies; 
and, lastly, we shall endeavor to give some idea of the 
different physical theories that have been proposed in 
order to give something more than a mere short-hand 
record of the facts of observation. 


Plan of the 
article. 


LEADING PHENOMENA. 


It appears, from what Lucretius says in the passage 
above quoted,! that the Greeks and Romans 


Magnetic 
knowledge were aware, not only that the loadstone, or 
OCs an- magnetic iron ore, attracted iron, but also 


that it endued iron in contact with it with 
its own peculiar property. Thus an iron ring will 
hang suspended by the attraction of a loadstone, and 
from that ring another, and so on, up to a certain num- 
ber, depending on the power of the stone and the 
weight, ete., of the rings. They were also aware that 
the attraction was confined to iron, or at all events was 
not indiscriminate, and that it was not destroyed by 
the intervention of other bodies, such as brass, between 
the magnet and the iron. It appears, too, from the 
passage— 
Fit quoque ut a lapide hoe ferri natura recedat 
Interdum, fugere atque sequi consueta vicissim, ete.— 
that they had an idea that, under certain cireumstan- 
stances, the attraction might be replaced by a repul- 
sion. If, however, we understand aright the latter 
part of Lucretius’s somewhat obscure description of 
what seems to have been an actual experiment of his 
own, this notion was in reality a hasty generalization, 
not justified by the observed facts.” In any case there 
seems no warrant for assuming, as some have done, 
that the ancients had any definite conception of mag- 
netic polarity. 

What* they wanted in definite experimental knowl- 
edge they supplied by an abundant use of the imagi- 
nation. We are told, for instance, that the magnet 
attracts wood and flesh, which was certainly beyond 
their powers of observation ; that it is effective in the 
cure of disease; that it affects the brain, causing mel- 

_ancholy; that it acts as a love philtre; that it may be 
used in testing the chastity of a woman ; that it loses 
its power when rubbed with garlic, but recovers it when 
treated with goat’s blood; that it will not attract iron 
in the presence of a diamond, and much else that was 
eagerly copied by the wonder-loving writers of the 
Middle Ages. 

The science of magnetism made no real progress till 

the invention of the mariner’s compass. 


Beginnin : Oh : 
of magnetic The early history of this instrument is very 
science. obscure. According to some authorities it 
ues S was invented in China, and found its way 
pass. , us : 
into. Kurope probably through Arabian 
sources. The light thrown by recent researches on the 


literature of the Chinese has apparently thrown doubt 
upon their claim to this invention,’ although the 
knowledge of the loadstone and its attractive property 
may have been older among them than even among the 


1 Bk. yi. line 906 sqg., and 1042 sqg.; comp. Plato, Jon, ut supra, 
whom there is reason to think he is quoting. 

2 See below, p. 226. 

3 See Mélendorff, Z. D. M. G., xxxy. 76. 
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Greeks. The first accounts of the compass in Hurope 
go back to the 12th century, and, although the instru- 
ment described is very rough, it is not spoken of as a 
new invention. In its earliest form it seems to have 
consisted simply of an iron needle which was touched 
with the loadstone and placed upon a pivot, or floated 
on water, so that it could turm more or less freely. It 
was found that such a needle came to rest in a position 
pointing approximately north and south (some accounts 
say east and west, in which case there must have been 
a cross-piece on the needle to indicate what was proba- 
bly the important direction for the mariner), As these 
compasses were made of iron (steel was not used till 
much later), and were probably ill-pivoted, they must 
have been very inaccurate; and the difficulty of using 
them must have been much increased by the want of 
a card, which was a later addition made apparently 
by the Dutch. 

It is unnecessary to enter into more detail here re- 
specting the early history of the compass, as the mat- 
ter has been very fully treated in the article Compass.‘ 
We proceed therefore to show the bearing of the in- 
vention upon the science of magnetism. It will at once 
be seen bu it involves two scientific discoveries of 
capital im portance :—first, that the loadstone can trans- 
mit to iron with which it comes in contact a permanent 
property like its own; and,’secondly, that a loadstone 
or magnet if suspended freely will turn so that a certain 
direction in it assumes a fixed position relative to the 
geographical meridian, a certain part of the magnet 
turning always towards the north, and the part opposite 
towards the south. ‘These opposite parts of the mag- 
net are called its ‘‘ poles.” 

To fix our ideas we shall describe a process by which 
we might definitely determine this direction 


in the magnet. Following the example of _ Axis of a 
Gilbert, let sider a spherical onan magnet ex- 
rilbert, let us consider a spherical magnet. perimental- 


Our reason for dealing with this form in the — ly defined. 
first instance is to make it perfectly clear 
that the phenomena depend essentially on something 
apart from the form of the body. We shall suppose 
that the magnet is homogeneous as to its mass, so that 
its centre of gravity coincides with its centre of figure. 
Suspend this spherical magnet by a fine thread of un- 
twisted silk, attached to any point of its surface, say 
P. After the magnet has come to rest, mark the ver- 
tical plane through the centre which falls in the geo- 
graphical meridian ; this may be done by tracing a great 
circle on the surface of the magnet. Next find the point 
P’ in which the vertical through P cuts the surface 
again, and suspend the magnet by P’, again marking 
the plane which falls in the meridian. Now, find the 
plane which bisects the acute angle between the two 
former planes, mark it by a great circle, and eall it the 
axial plane of P. If we thus find the axial planes of 
any number of points, we shall find that they all inter- 
sect in one common line passing through the centre of 
the sphere. We may call this line the ‘“‘axis’”’ of the 
magnet. Let us mark the points where it 
cuts the surface; we may call these the 
‘“yoles’’ of the magnet. We shall then 
observe that, however we suspend it, the magnet will 
always come to rest so that the vertical plane through 
the axis makes a definite angle with the meridian. 
This angle (0) is called the ‘* declination”’ (also, by 
sailors, the ‘‘ variation ’’); it varies from place to place, 
and from time to time, but very slowly, so that through- 
out a limited area of the earth’s surface, and. for a 
limited time, it may be regarded as constant.® 

4 It may be mentioned that the statement that Peter Adsiger, 
in a letter written in 1296, mentions the magnetic declination, ap- 

ars to be a mistake, arising from the mistranscription of a title. 
Ree Wenckebach, quoted by Lamont, Handbuch des Magnetismus, 
p. 449. The paesoes from Are Frode, quoted by Hansteen, and 
alluded to in last edition of this encyclopedia, appears also to be 
of doubtful antiquity. See Poggendorff, Geschichte der Physik, p. 99, 

6 For the early observations on the declination the reader is re- 
ferred to the treatment of the subject of terrestrial magnetism in 
the article METEOROLOGY. Atthe present time the declination at 


Greenwich is a little over 18°; at Edinburgh it would be about 49 
more. 


Poles, north 
and south, 
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One end of the axis always turns northwards, and 
the other always southwards; we shall call the former 
the ‘‘north”’ and the latter the ‘‘ south pole,’’ although, 
for reasons to be afterwards explained, it would be 
more appropriate to invert the order of these names. 
Henceforth the vertical plane in which the axis of the 
magnet comes to rest will be called the 
magnetic meridian, and the two horizontal 
directions in this plane magnetic north and 
magnetic south respectively. 

t must be carefully noticed that there is a certain 
amount of arbitrariness in our definition of the axis and 
poles of a magnet. In reality it is only the direction 
of the axis that is fixed in the body, and not its absolute 
position. This will be made plain if we repeat all our 
experiments with the spherical magnet after fastening 
to it a piece of wax or other non-magnetic body, so ax 
to leave its magnetic properties unchanged, but to 
throw its centre of gravity out of the centre of figure. 
Kyerything will fall out as before, only the axial planes 
of the different points of suspension will now meet in 
a line, parallel, it is true, to the axis determined before, 
but passing through the new centre of gravity. In point 
of fact, therefore, we might choose any point in the 
body, draw a line through it in the proper direction, 
and call this the axis. Hereafter we shall, unless 
the contrary is stated, draw the axis through the 
centre of gravity of the body, or through its centre 
of figure if it has one; and we define the poles, for the 
present, as the points in which the axis cuts the surface 
of the magnet, supposing, as will be generally the case, 
that the line cuts the surface in two points and no 
more. 

Haying now obtained a definite idea of the axis of a 
magnet, and seen that it has, in the first 
instance at least, nothing to do with the 
external form of the body, let us proceed 
to make an artificial magnet of the particular kind 
usually called a ‘‘ magnetic needle,”’ and briefly examine 
its properties. ‘Take a tolerably thin flat piece of 
pretty hard-tempered steel, of the elongated symmetri- 
cal form NS shown in fig. 1. We suppose it, in the 
first place, in an unmagnetic condition. Let it be 
pierced by a well-turned axis ab, passing accurately 
through its centre of gravity, and perpendicular to its 
plane, so that, when the axis is placed on two horizon- 
tal knife edges, the needle will rest in any position in- 
differently. Further, let four very small hooks, e, d, 
e, f, be attached, two (c, d) to the ends of the axis, and 
other two (e, f) to the edges of the needle in a line 
perpendicular to NS. Now rub the half of the needle 
towards N with the south pole of the spherical magnet 


Magnetic 
meridian, 


Magnetic 
needle. 
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whose properties we have just discussed, beginning the 
stroke at the middle and ending it at the point of the 
needle and for symmetry’s sake let us do the same to the 
other side of the needle, and then repeat this process with 
the north pole of the sphere on the other half towards 
S. Let us examine the properties of the needle thus 
‘““magnetized.’’ If we suspend it first by the hook ¢ 
and then by the hook d, we shall find that in both 
cases the line joining NS' makes very nearly the same 


1 Or the vertical plane through it, should it happen to be not 
quite horizontal. 
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angle with the geographical meridian. Hence the 
magnetic axis must lie in a plane through NS perpen- 
dicular to the plane of the needle. <A similar experi- 
ment with the two hooks e, f will show that the mag- 
netic axis lies approximately in the plane of the strip, 
which we may suppose for the present to be infinitely 
thin. Hence the magnetic axis may be taken to be 
coincident with the line NS joining the points of the 
needle. This coincidence is, however, in general only 
approximate, and in delicate measurements corrections 
have to be made on that account, of which more here- 
after. If we now mount our magnetized needle on a 
piece of cork or two straws, and float it ina basin of 
water, or replace its axle by a small cap and set it ona 
nivot, we have the mariner’s compass in its early form. 
Ve shall call it a magnetic needle, to distinguish it 
from the more elaborate compass of the present day. 
A favorite way of showing the directive property of a 
magnet described by Gilbert, is to magnetize a sewing- 
needle, and lay it very gently, by means of a fork of 
wire, on the surface of water; it will float and turn un- 
til it takes up its position in the magnetic meridian, 

A needle mounted in this way, so as to have great free- 
dom to move in a horizontal plane, is of great use in mag- 
netic experiments. Gilbert calls ita“ versorium,.” When 
very delicate applications are in view, the point of the 
pivot on which it is mounted must be very hard (say of 
hard-tempered steel or iridium), and the cap should be 
fitted with an agate or other hard stone having a polished 
cavity of the form of a blunted cone to receive the pivot. 
A still better arrangement, also used by Gilbert, is to sus- 
pend a short and very light piece of steel wire—a fine sew- 
ing needle may be used—by means of a single fibre of silk. 
The most delicate arrangement of all is to use one of Sir 
W. Thomson’s light galvanometer mirrors with the mag- 
nets attached, and follow its movements by means of the 
lamp and scale as usual. See GALVANOMETER. 


Such, with as much of modern accuracy imported 
into them as was necessary for clearness of exposition, 
were the facts of magnetism as known up to the be- 
ginning of the 16th century. 

Another experiment with our magnetized needle will 
enable us to describe the next important 
magnetic discovery. In its unmagnetized 
condition the needle rested indifferently in 
any position when its axis was placed on two horizontal 
knife edges. In the magnetized state this is no longer 
the case. The axis of the needle now takes up a fixed 

g§ position, with its north end 
ointing downwards (fig. 2), and 
if disturbed will oscillate about 
that position, and finally settle 
intoit again. The angle which 
the axis NS makes with the hor- 
izon is least when the plane of 
the rotation of the needle is in 
the magnetic meridian: the 
angle (¢) in this case is called 
the “‘dip,’’ or (by Continental 
writers) the “‘inclination.’”’ Itis 
greatest, viz., 90°, when the plane 
of rotation of the needle is verti- 
cal and perpendicular to the mag- 
netic meridian. At Cicduich 
the dip is about 67° 30’ at the 
present time. If we place the 
needle with its plane of rotation 
perpendicular to the line of dip, 
the equilibrium will be indiffer- 
ent, asit was in all positions be- 
fore magnetization; but there 
is no other position of the mag- 
netized needle for which this is true. 

The remarks which we made as to variation in 
space and time of the declination apply also to the 
dip. The variation from place to place differs, how- 
ever, in nature from that of the declination. Along 
a line ranning in the neighborhood of the geographi- 
cal equator, partly north and partly south of it, the 


Discovery 
of the dip, 


Fig. 2. 
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dip is zero. 
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North of this line, which is called the) Magnete Tellure Phystologia Nova, first published in 


magnetic equator, the north end of the needle dips | 1600, we find a complete account of what was known 
below the horizon; and the angle of dip increases of magnetic phenomena up to his time, with a large 


as we go northwards, until, at a point in the Hudson's 


Bay Territory, the needle dips with its north pole ver- | 


tically downwards. South of the magnetic equator 
the south end dips below the horizon; and there is 
again a point in the southern hemisphere where the 
south end dips vertically downwards. 
called the ‘‘magetic poles’’ of the earth. For further 
details on this subject we refer the reader to the dis- 
cussion of terrestrial magnetism in the article Mernor- 
OLOGY. 

It was in the accurate observation of the declination 


number of new ideas and new experimental facts added 
by himself. We find in Gilbert’s work, in a more or 
less accurate form, nearly all that we shall lay before 


‘the reader in the first section of this article, described 


These points are | 


very much in the language that we shall use. ‘* How 
far he was ahead of his time is best proved by the 
works of those who wrote on magnetism during the 


‘first few decades after his death. They contributed in 


and dip of the magnetic needle that the science of | 


magnetism arose. 
observed by Georg Hartmann, vicar of the 
church of St. Sebaldus at Nuremberg 
(1489-1564), who seems to have been in advance of 
his age in magnetical matters. In a letter' to Duke 
Albrecht of Prussia, dated 4th March, 1544, he 
writes :— 


Hartmann. 


“ Besides, I find this also in the magnet, that it not only 
turns from the north and deflects to the east about 9° more 
or less, as I have reported, but it points downwards. This 
may be proved as follows. I make a needle, a finger long, 
which stands horizontally on a pointed pivot, so that it 
nowhere inclines toward the earth, but stands horizontal 
on both sides. But as soon as I stroke one of the ends 
(with the loadstone), it matters not which end it be, then 
the needle no longer stands horizontal, but points down- 
wards (fallt unter sich) some 9° more or Jess. The reason 
why this happens was I not able to indicate to his Royal 
Majesty.” 


From this it will be seen that Hartmann had unques- 
tionably observed the tendency of the magnetized 
needle to dip. His method of observing is of course un- 
suited for measurement, and it is not surprising that 
he got a result of 9° instead of somewhere about 70°. 

In 1576 the dip was independently discovered by 
Robert Norman, a skilful seaman and an 
ingenious artificer, according to Gilbert. 
He was in the habit of making compass needles, and 
carefully balancing them so as to play horizontally on 
their pivots before magnetization. He found that, 
after they were magnetized, they constantly dipped 
with the north end downwards, so that a counterpoise 
had to be added to bring them back to the horizon. 
This led him to construct a special instrument, the 
prototype of the modern dipping needle, to show this 
new phenomenon. With this instrument he made the 
first accurate measurement of the dip, and found it to 
be 71° 507 at London.’ 

The early English magnetic observers, of whom Nor- 
man and Burroughs (who wrote an able supplement 
to Norman’s work) were admirable examples, must 
have done much for the introduction of precise ideas 
in magnetism. But their fame was speedily eclipsed 
Pinon by William Gilbert of Colchester® (1540- 
; 1603), whom Poggendorff has justly called 
the Galileo of magnetism, and whom Galileo himself 
thought enviably great. In his great work entitled 
De Mugnete Magneticisque Corporibus et de Magno 


Norman, 


1Brought to light by Moser. See Dove's Repertoriwm der 
Physik, i,, 1888. It does not appear that Hartmann’s letter was 
ever before published. Moser is therefore scarcely justified in 
attacking Norman’s priority in this matter, still less in attempt- 
ing to deny him the credit of first observing the dip by a sound 
method. Had he read the Newe Attractive he could scarcely have 
fallen into such anerror; forin respect of clearness and sci- 
entific precision Hartmann’s letter, interesting as it is, cannot for 
a moment be compared with Norman’s little work. 
2 He published a work, of which the following description is 
iven in the Ronalds’ Catalogue :-—* The Newe Attractive, contain- 
ing a short discourse of the Magnes or Lodestone, and amongst 
other his vertues, of a new discovered secret and subtill propertie 
concernyng the Declyning of the Needle, touched therewith, 
under the plaine of the Horizon. Now first found out by Robert 
Norman Hydrographer, 4to (black letter, scarce), London, 
581. | 
8 For details as to his life, see art. GILBERT. 


The dip appears to have been first | 


reality nothing to the extension of this branch of phy- 
sical science.’’* 

Mutual Action of Like and Unlike Poles.—lf we 
take a magnet whose poles N’, S’ have 


= Like mag- 
been determined and marked as above ex- netic 6c 
plained, and bring its north pole N’ near re els 
the north pole N of a magnetic needle, N iteact. 


will move in a direction indicating repul- 

sion between N and N’. The same result will follow - 
if the south pole 8S’ of the magnet be brought near the 
south pole S of the needle. But if 8’ be brought near 
N, or N’ near 8, attraction will be indicated. Hence 
the following funda- 
mental law of the ac- 
tion between two mag- 
nets:—Like poles re- 
pel each other; unlike 
poles attract each 
other. It would ap- 
pear, therefore, that 
the whole action of 
one magnet upon an- 
other is of asomewhat 
complicated charac- 
ter, even if we take 
the simplest view. of 
it that the experimen- 
tal facts will allow, 
viz., that the action may be represented by forces acting 
between the two pairs of points in each magnet which 
we have defined as north and south poles. On this 
assumption, the action of N’S’ upon NS would con- 
sist of the four forces represented in fig. 3, for all these 
must exist in accordance with the law just established. 
Whether this is a sufficient representation of the most 
general case, and what the exact law of the forces 
ought to be, we are not yet in a position to decide. 
One thing, however, is clear, that the action between 
two poles must diminish when the distance between 
them increases; otherwise we should not have been 
able to make the action of N or S upon N’ prevail, by 
bringing the one or the other nearer. ‘ 

It was perhaps the complexity of this analysis (along 
with the fact that the action of the magnet upon soft 
iron, which was the earliest discovered magnetic phe- 
nomenon, is not a pure case of this action, but involves 
also another phenomenon, viz., magnetic imduction) 
that prevented for so long the discovery of the elemen- 
tary law we are now discussing. At all events, it 
seems to have been a new discovery in the 16th cen- 
tury, if we may judge from a passage in the letter 
of Hartmann above alluded to. He was certainly 
aware of the existence of magnetic repulsion in some 
form or other. It is somewhat difficult to gather from 
his description what it was exactly that he observed, 
and he nowhere states the law full) and explicitly. In 
Norman’s Newe Attractive’ we find it clearly stated, 
and demonstrated by means of a needle floating on 
water or suspended by a thread ;° yet he does not 
appear to claim the fact as his discovery. If, there- 
fore, Hartmann was not the actual discoverer, wé may 
at least conclude that the law became familiar to mag- 
netic philosophers during the thirty years that sepa- 
rated him from Norman. 


N’ 8 


Fia. 3. 


4 Poggendorff, Geschichte der Physik, p. 286. 
5 Chap. i. oe 
6 See also Gilbert, De Magnete, lib. i. cap. v. 


MAGNETISM. 


The Magnetic Field.—We next introduce a method 
of conceiving and describing magnetic ac- 


Mappin, i A zi 
outthe _ tion which was invented and much used by 
ore a Faraday. Since a magnet acts upon a mag- 


netic needle placed anywhere in the sur- 
rounding space,! we call that space the magnetic field 
of the magnet. Neglecting the earth’s magnetism, we 
may map out this field as follows. Con- 


ena ceive any plane drawn through the axis of 
force, the magnet, and place it so that this plane 


shall be horizontal. Then at any point in 
this plane place a very small magnetic needle, and 
note the direction which its axis assumes under the 
action of the magnet; then proceed to move the centre 
of the needle in the direction in which its north pole 
points, and continue the motion so that at each point 
the centre is following the direction indicated by the 


5 Say 


The line thus traced will at last cut the 
surface of the magnet at some point lying towards its 
south pole ; and if we continue the line backwards, by 
following the direction continually indicated by the 


north pole. 


south pole of the needle, it will cut the surface of the 
magnet at some point lying towards the north pole. 
Such a line is called a line of magnetic force; and, 
since one such line can be drawn through every point 
of the plane, and any number of planes can be taken 
through the axis of the magnet, we can conceive the 
whole magnetic field filled with such lines. Fig. 4, 
taken from Faraday, gives an idea of the distribution 
of the lines of force in the field of a bar magnet; fig. 5 
represents the lines in the field due to two neighbor- 
ty tte poles. : 

hese diagrams were not obtained by the method 
we have just deseribed, but by a much simpler process 
which we shall describe by and by. Their use, so far 
as we have gone, is to tell us how a small needle, free 


1 Gilbert uses the phrase orbis virtutis in a somewhat similar 
sense. 
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to move about its centre in any direction, will place 
itself at any part of the field, viz., it will place its axis 
along the tangent to the line of force which passes 
through its centre, its north pole pointing in that 
direction which ultimately leads to the south pole of 
the magnet producing the field. 

Suppose we apply these ideas to a spherical mag- 


net (a terella, or earthkin, as Gilbert Terella 
calls it). The lines of force in any plane or ideal 
earth. 


through its axis would be found to run 
something like the curves in fig. 6. If, therefore, we 
carried a small needle (suspended from a silk fibre so as 
to be perfectly free to move in all directions) round the 
magnet in a meridian plane, its axis would constantly 
remain in the meridian plane, its north pole always 

oint towards the south pole of the spherical magnet, 
ea dip more and more below the tangent plane to the 
sphere as the centre recedes from the equator, 
and end by pointing straight towards the south 
pole when tes centre reaches the magnetic axis 
(see fig. 6). 

When we reflect that in all our experiments the 
properties of magnets, whether native, such as 
the loadstone, or artificial, such as the needles 
magnetized by rubbing with the loadstone, have 
proved alike, and that every purely magnetic 
action on a magnet has its source in some 
other magnetic body, we are naturally led to the 
conclusion that the reason why at every point of 
the earth's surface the axis of a freely sus- 
pended magnet assumes a definite position is 
simply that the earth itself is a great magnet, and 
that in observing the declination and dip we are 
simply exploring the magnetic field of the earth. 
It is true that, according to the experiment 
above described, the declination would every- 
where be zero, and the magnetic equator would 
coincide with the geographical, but that arises merely 
because we assumed our earthkin, for simplicity of 
explanation, to be symmetrically magnetized, so that 
its lines of force ran in planes passing through its axis. 
, It remains to be discussed whether the most general 
assumption, viz., that the earth is a magnetic body, 
will not account for the facts of terrestrial magne- 
tism. The answer to this question has been given, 
as we shall see, by Gauss. 

This idea, whose simplicity is the truest measure 
of its greatness, is due to Gilbert, and was by him 
made the foundation of his work on magnetism. The 
boldness of his theory will be appreciated when we 
remind the reader that in his day the dip was but 
newly discovered, and had been measured only at 
London, so that Gilbert’s very full and clear ex posi- 
tion of this phenomenon, which we have given above, 
was in fact a scientific prediction, which was not fully 
verified till long afterwards.2 Before Gilbert a va- 
riety of wild conjectures had been made as to the 
cause of the directive property of the magnet’. 
Many, like Columbus, Cardan, and Paracelsus, be- 
lieved that the magnet was attracted by a point in 
the heavens, possibly some magnetic star. Others 
supposed that the attracting point was situated in 
the earth; Fracastorius imagined hyperborean mount- 
ains of loadstone situated near but not quite at the 
north pole; and to this theory others contributed the 
detail that the magnetism of these mountains was so 
powerful that ships in those regions have to be built 
with wooden nails instead of iron ones, which would 
be instantly drawn out by the magnetic attraction. 


It is clear that, if we call that magnetic pole of the 
earth which lies in the northern hemisphere its north pole, 
we ought, in accordance with our fundamental law of mag- 
netic action, to call the north-seeking pole of an ordinary 


2 The first verification was by Hudson, who, in 1608, found the 
dip in 75° 22’ N, lat. to be 89° 30’. Gilbert found 72° at London in 
1600. The place of vertical dip in the northern hemisphere was 
first reached by Sir James Ross in 1831. It was found about. 70° 
5/17’ N, lat. and 96° 45/ 48” W. long. 

8 See Gilbert, De Magnete, lib. i, cap. i. 
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magnet a south pole. When it is necessary to speak of mag- 
nets from this point of view, the difficulty is got over by 
calling the north-seeking pole the austral pole, and the 
south-seeking pole the boreal pole. In reality the danger 


Fie. 6. 


of confusion is more imaginary than real. The reader 
should be warned, however, that in some French works 
the ordinary nomenclature is reversed, and that Faraday 
uses ‘‘marked” and “unmarked,” and Airy “red” and 
“Dlue,” in the sense in which north and south are com- 
monly used. 


The Earth's Action on a Magnet is a Couple.—Nor- 
man in his Newe Attractive (chapters v. and 


Earth’s 3 . - 
force of vi.) discusses very acutely the question 
aie atts whether there is any force of translation 


exerted upon a magnet. He advances 
three conclusive experiments to prove the negative. 
First he weighed several small pieces of steel in a deli- 
cate gold balance, and then magnetized them, but 
could not detect the slightest alteration in their weight, 
“though every one of them had received vertue 
sufticient to lift up his fellow.’’ Secondly, he pushed a 
steel wire through a spherical piece of cork, and care- 
fully pared the latter so that the whole sank to a cer- 
tain depth in a vessel of water and remained there, 
taking up any position about the centre indifferently. 
After the wire was magnetized very carefully, without 
disturbing its position in the cork, it sank to the same 
depth as ihetores neither more nor less, the only differ- 
ence being that now the wire set itself persistently in a 
definite fixed direction parallel to the magnetic merid- 
jan, the north end dipping about 71° or 72° below 
the horizon. Thirdly, he arranged a magnetized 
needle on acork so as to float on the surface of 
water, and found that, although it set in the magnetic 
meridian, there was not the slightest tendency to trans- 
lation in any direction.’ He concludes that there is no 
force of translation on the magnet, either vertical or 
horizontal. He was evidently somewhat puzzled how to 
put this result into a positive form, and his ‘‘ point re- 
spective,” as he calls it, is not a very clear explanation 
of the earth’s action. What he wanted was the modern 
idea of a “‘couple,’’ z.e., apair of equal but oppositely 
directed parallel forces acting on the two ends of the 
needle; but such an idea was not conceived in Nor- 
man’s day. Gilbert adopts Norman’s result in this 
matter, adding nothing essential, reproducing. even 
Norman’s diagram of the spherical cork with the wire 
through it. It is clear therefore that Gilbert had a 


1 Hartmann (see his letter above cited) wasin error on this 


subject. He describes a somewhat similar experiment, and dis- 
tinctly states that the needle has a motion of translation, 
“Schwimmt mit dem Ort welcher ist mitternichtlich am Stein, 
his er kam an den Port der Schtissel, da das Wasser in war.” I 
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forerunner in the practice, as Bacon had in the theory, 
of inductive science ; for Norman says, speaking of the 
mass of fables that had passed for truth in geography, 
hydrography, and navigation before his time, ‘‘ I wish 
experience to bee the leader of Writers in those Artes, 
and reason their rule in setting it downe, that the fol- 
lowers bee not led by them into errors, as oftentimes 
have beene seene,”’ i 
The Magnetic Property ’s Molecular.—Apart alto- 
gether from the question as to how we are 


é 4 Magnetis 
to represent the action of a magnet upon flat teaey 
other magnets, there arises another quite lar aly 

erty. 


distinct question, as to where the cause of 
this action resides. That these two questions are 
really distinct, although there has always been a ten- 
dency in the more superficial treatises on the subject 
to confuse them, will be obvious from the fact that 
we shall afterwards obtain more than one perfectly 
general way of representing the action of a magnet at 
external points, whereas there must be one and only 
one cause of this action. A very old experiment? at 


once throws considerable light on this point. If we 
break a bar 
N Ss magnetinto 
| SSNS aaa Ds SE esas SS two pieces, 
Ss’ N g it will be 
a ee phe aes 
eac O 
Ss’ N’ s’’ N’ a . 
N S these is it- 
a eS eee mag- 
Fig. 7. net, its axis 
being = in 


much the same direction as that of the original magnet, 
and its poles in corresponding positions, see fig. 
7. The same holds if we break the bar into any 
number of pieces; and, quite generally, if we remove 
any piece, we small, from a magnet, this piece 
will be found to be magnetic, the direction of its axis 
usually bearing a distinct and easily recognizable rela- 
tion to the direction of the axis of the whole magnet. 
We are therefore driven to the conclusion that the 
magnetic quality of a body is related to its ultimate 
structure, and not simply to its mass as a whole, or to 
its surface alone; and this conclusion is not to be in- 
validated by the fact that we can in general, as will 
afterwards appear, represent the action of the magnet 
at external points by means of a proper distribution of 
centres of attractive and repulsive forces upon its sur- 
face merely. 

Temporary Magnetism of Soft Iron and Steel in the 
Magnetic Field. — Bodies which possess permanent 
magnetic properties, not depending on the 
circumstances in which they are placed, we 
shall henceforth call ‘‘ permanent mag- - 
nets.’’ The law of the action of one permanent mag- 
net upon another, as we have seen, is that like poles 
repel and unlike poles attract each other. The action 
of a permanent magnet on pieces of soft iron is, at first 
sight, different, for either pole attracts them alike. 

To fix our ideas let us take a small thin bar of soft 
iron or of steel, and test it with a delicate 


Magnetic 
induction. 


magnetic needle. It will usually be found, Experi- 
_ 5 st oy IE ments 

more particularly if a steel bar is taken, jyuystratin 
: 5 | ting 

that one end of the bar will repel one or induction: 


other of the poles of the needle. This is a 

sure sign of permanent magnetism. If, however, we 
heat the bar to whiteness and allow it to cool in a po- 
sition perpendicular to the earth’s magnetic force, all 
permanent magnetism will be found to have disap- 
peared. If we now place the bar in a horizontal plane 
(fig. 8) with its axis perpendicular to the axis of the 
needle, and one of its ends A, B near either pole of 
the needle, that pole will be attracted, no matter 
whether it be the north pole or the south pole of the 
needle, or which end of the bar be used. Care must be 
taken in this experiment to avoid using a too strongiy 
magnetized needle, and to keep the needle from touching 

2 Cf. Gilbert, De Magnete, lib. i. cap. v. 
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the bar, otherwise the bar may receive traces of perma- 
nent magnetism 
which will dis- 
turb the result. 
It is very easy, 
repeating the 
above . _experi- 
ment with an un- 
magnetized nee- 
dle, to show that 
the power that 
the bar acquires 
of attracting the 
poles of the nee- 


N 


dle is temporary 
and depends on 
the presence of 
a magnetized 


bet. Fe 

eeping to 
our _ principle 
that a magnetic cause is to be sought for every mag- 
netic action, we are led to explain the above experi- 
ment by saying that in the magnetic field a bar of soft 
iron or of unmagnetized steel becomes magnetic in 
such a way that its north pole points as nearly as 
may be in the positive direction of the lines of force 
passing in its neighborhood (or, in other words, 
in the direction, as nearly as may be, in which a 
magnetic needle would point if placed in its neigh- 
borhood). A body which becomes magnetic in this 
way by the magnetic action of another body is said 
to be ‘‘magnetized’’ by ‘‘induction.’’ We shall 
suppose, in the meantime, that it loses all the mag- 
netism thus acquired when the inducing action is with- 
drawn; although this is not necessarily, and in fact not 


Derma eae eee en 
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Fia, 9. 


generally, the case, as we shall see by and by. The 
reason why soft iron is attracted by a permanent mag- 
net is therefore now said to be that the iron becomes 


8 
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magnetic by induction, and is then acted upon b 
the magnet like any other magnet similarly placed. 
The accuracy of this analysis of the phenomenon may 
be vonfirmed by many simple but striking experiments, 
such as the following. 

Vou. XV.—697 
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In the experiment above described, instead of 
placing the non-magnetic bar in a horizontal plane, 
place it in the plane of the magnetic meridian with its 
axis in the direction of the earth’s force (7.¢., parallel 
to the line of dip). The lower end of the bar will then 
be found to repel and the upper end to attract the 
north pole of the needle (figs. 9, 10). This is at 
once explained on the above hypothesis; for the bar 
will be magnetized inductively by the earth’s force, so 
that its lower end becomes a north pole, and its upper 
end a south pole. 

Let NS (fig. 11) be a bar magnet placed horizontally 
so that its axis produced passes through O, the centre 
of suspension of the endl sn, then the needle will be 
deflected in the direction of the arrow. If now we 


n 
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Til emerens nipecteapnspasenpenen nese 


Fria. 11. 
place between S and O asmall sphere of soft iron, thie 


deflection will be increased, the reason being that the 
sphere is magnetized by induction, having a south 
pole towards O and a north pole towards S, and the 
action of these is added to that of NS. 

Let NS (fig. 12) be a magnet placed in the magnetic 


meridian, 1s” 
t 
\ 
4 


P ; asmall mag- 

eee ee netic needle in 

sil the same hori- 

zontal plane, 

with its centre 

in the line bi- 

secting NS at 

right angles. 

When acted on 

by NS alone, 

Ss n’s’ will place 

itself parallel 

Fig, 12. to NS, with its 

north pole pointing in the direction NS. Let the dot- 

ted line represent a line of force. If we move a small 

iece of soft iron ns along this line in the direction from 

Ni towards §, it will first deflect the needle as in 

fig. 13, and finally as in fig. 14, and in each position 

reversing it end for end will not alter the effect. All 
this is at once explained by the above hypothesis. 

A yariation of the last experiment may be made 

; thus. Place a 

magnet vertical- 

ly, in the neigh- 

borhood of a mag- 

netic needle; by 

moving it up and 

down a position 

will be found in 

which the action 

of the magnet on 

the needle is 
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8 wholly vertical, so 
Fie, 13, . that the needle is 
not deflected from the magnetic meridian. Now take 
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force passing near 
the needle, pro- i 
8 aoe 
north to the n Sacnemmnen anne, 
south pole of the = 
Tt will then be 
found, in accor- 
hypothesis, that 
the north pole 
first repelled, and Fig. 14. 
finally attracted by the soft iron. 
E of each other by parallel threads, they 
Gilbert's wil] be 
experi- 
to re- 
pel one an- 
hang separa- 
ted by a con- 
terval when a : 
magnet 18 
der them (see 
figs. 15 and 
experiment is 
As 
due to Gil- : ®! 
nightly ex- : 
plains it _ by 
- nl! 
the two ends 
nearer the 8 
S become like 
poles of op- 
, while the 
two farther 
poles of the same kind as §. The experiment 
may be varied by placing some little distance 
thin card-board M, and placing below that a 
short piece of soft iron 
hering to the mica, and 
so long as it is alone 
nearly vertical, but when 
another is placed along- 8 
diverge as in fig. 17. n ni 
One of the most in- 


a small piece of soft iron and move it along a line of 
eeeding from the 
vertical magnet. , 
dance with our 
of the needle is 

If we hang two short pieces of iron wire alongside 
ment. found 
other, and to 
siderable in- 
brought un- 
16). This dl 
bert, who 
saying that 
magnetic pole 
eee kind to 
Kk 
ends are like Fria. 15, Fia. 16 
below the pole of a magnet Sa piece of mica or 
wire; it will remain ad- 
will hang more or less 
side of it the two will yy 

) 
teresting ex- 


Experi- , 
rents with amples of : ‘ 
iron filings. magnetic in- Fie, 17. 


duction is furnished by the action of a magnet on iron 
filings. If we plunge a magnet into a quantity of 
iron filings and then remove it, we find it thickly 
fringed around the poles, where the filings adhere 
to the magnet and to one another, so as to form 
short bushy filaments; the thickness of the fringe di- 
minishes very rapidly towards the middle of the mag- 
net, where very few adhere at all. These filaments 
are composed of magnetized particles of iron adhering 
by their unlike poles. a 

If we place a small bar magnet under a piece of 
moderately rough drawing paper, strewn as uniformly 
as possible with fine iron filimgs, and then tap the 
paper very gently soas te relieve the friction, and 
allow each filing to follow the magnetic action, then 


MAGNETISM. 


the filings will be seen to arrange themselves in aseries 
of lines, passing, roughly speaking, from poe to pole, 
asin fig. 4 (p. 223). The explanation of this phenome- 
non is inals that each filing becomes magnetized by 
induction, and, if it were quite free to move about its 
centre, it would not bein equilibrium until it set its 
longest dimension along the line of force through its 
centre, The roughness of the paper effectually pre- 
vents translation, but does not hinder rotation, espe- 
cially when the friction is relieved by tapping; hence 
every filing does actually set as if it werea little mag- 
netic needle, subject of course to some slight disturb- 
ance from the neighboring filings. The whole there- 
fore assumes a grained structure, and the graining 
runs in the direction of the lines of force. e have 
thus an extremely convenient way of representin 
these lines to the eye, which lends itself in a variety o 
ways to the illustration of magnetic phenomena. In 
fig. 5 are shown the lines formed in the field near two 
like magnetic poles. These magnetic figures may be 
fixed in a great variety of ways, and projected on a 
creen so as to be visible to a large audience, but it iss 
Sedge necessary to dwell here upon details of this 
<ind, 

These magnetic curves seem to have fixed the 
attention of natural philosophers at a very early period. 
They were originally called the magnetic currents, from 
an idea that they represented the stream lines of mag- 
netic matter, which explained the magnetic action 
according to the theory thenin vogue. a Hire men- 
tions them, Mém. de ? Acad., 1717. Bazin gives an 
elaborate account of them in his Description des Cou- 
rans Magnétiques dessinés d apres Nature, Strasburg, 
1753. Musschenbroek seems to have been the first to 
give the correct explanation depending on magnetic 
induction, Diss. de Magnete, 1729. 

If the filings be laid very thickly on the paper, and 
one pole of the magnet be brought under 


them at a short distance off, they will ar- el 
range themselves in a pattern, and atthe periment. 


same time bristle up so as to stand more or 

less erect, according as they are nearer or farther from 
the magnet. ‘They have thus the appearance of being 
repelled from the magnet. It was, in all probability, 
this phenomenon that was observed by Lucretius when 
he says (vi. 1042) :— 


“ fxultare etiam Samothracia ferrea vidi, 
Ac ramenta simul ferri furere intus ahenis 
In seaphiis, lapis hie Magnes cum subditus esse.” 


His conclusion, therefore, that iron sometimes flies and 
sometimes follows the magnet, was scarcely justified by 
his experimental facts, and it is a mistake to suppose, 
as some haye done, that he was aware of the polarity 
of permanent magnets. 

f we tap the card in the last experiment a curious 
result may sometimes be observed.’ The 
lines of filings will be seen to ecede from 
the point of the card immediately over the 

ole of the magnet. If, however, the magnet be 

eld over, instead of under, the card, tapping will cause 
the filings to approach the point under the pole of the 
magnet. The most probable explanation? of this is to 
be found in the fact that the erected filings stand in the 
former case as shown in fig. 18, and in the latter as 
shown in fig. 19; that is, in both cases, owing to the 
action of gravity, they are more acutely inclined to the 
card than the lines of force (represented by dotted lines 
in the figure), Consequently, when the filing springs 
up into the air, and is thus free to follow the magnetic 
couple, it turns more into the direction of the line of 
force ; the effect of this is to carry its lower end each 
time a little farther from the axis of the magnet in the 
one case, and a little nearer to it in the other. 


Magnetic 
paradex, 


1 pinus, Tentamen Theoriw Electricitatis et Magnetismi, 1759: 
Cavallo, Treatise on Magnetism, 1787. 
2 Roget, Library of Useful Knowledge, 1882. 
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By far the most important case of magnetic induc- 
tion is the electromagnet. henever an 
electric current flows in a closed circuit, the 
surrounding space becomes a field of mag- 
netic force, and any piece of iron in it will be induc- 


Electro- 
magnets, 


N 
Fig. 18. 


tively magnetized. Such an arrangement of an electric 
circuit and iron is called an electromagnet. The vari- 
ety of form and of application of such instruments in 


S) 


modern science is endless. A few of the more impor- 

tant modifications will be considered below. 
OUo-existence of Induced and Permanent Magnetism. 
—tThe fact that a body is already a perma- 


Me athveaea nent magnet does not prevent its being sus- 
Tanbnt. ceptible to magnetic induction. If we take 
magnet- any piece of iron at random, the chances are 
ae that one end or other of it will repel the 
body. north pole of a magnetic needle,—in other 


words, it will be to some extent permanent- 
ly magnetic; but if we bring it slowly nearer and 
nearer to the pole of the needle, provided its magnet- 
ism be not too strong, it will by and by attract the pole 
which it at first repelled. Again, if we take two steel 
magnets, which may be as powerful as we please, pro- 
vided at all events that they are unequally powerful, 
and bring two like poles together, these poles will at 
first repel each other in accordance with the funda- 
mental law of permanent magnets; but, when the dis- 
tance is less than a certain amount, the repulsion 
passes into an attraction, and when the poles are in 
contact this attraction may be very considerable. These 
phenomena are at once explained by the law of induc- 
tion. The induced or temporary magnetism is super- 
posed on the permanent magnetism, and, when the 
poles are near enough, the opposite magnetism in- 
duced by the pole attracts it more than the per- 
manent like magnetism repels it; and this happens 
even with steel, whose susceptibility for magnetic 
induction is considerably less than that of iron. This 
phenomenon was observed pretty early in the history 
of magnetism, but was not fully explained until the 
idea of magnetic induction was fully developed. 
Michell, in his Treatise of Artificial Magnets,’ gives a 
tolerably clear account of it. Musschenbroek mentions 
it,” along with the fact that a magnet attracts iron 
more thant does another magnet, but offers no ex- 


1 Cambridge, 1750. 
2 Philosophia Naturalis, 22 953, 954, 1762. 
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planation of either fact. The latter result, so far as 
it is true, can of course be explained by the smaller 
susceptibility of steel, particularly of hard steel, to 
magnetic induction, which is the main factor in attrac- 
tion at small distances. Poggendorff* and others have 
experimented on the subject in later times. The 
reader should notice the close analogy between these 
phenomena and the repulsion and attraction at differ- 
ent distances between two similarly electrified conduc- 
tors. See article ELecrricrry, vol. vill. p. 31. 

Induction of Permanent Mugnetism.—The case 
above supposed, in which the induced magnetism is 
wholly temporary, although it can be easily realized 
with small magnetizing forces, is not the general one, 
but in fact the exception. Usually a certain propor- 
tion of the magnetism remains after the inducing force 
isremoved. This happens even with the 
softest iron, when the inducing force is very 
ereat. Just as bodies differ very much in 
their susceptibility for induced magnetism, so they dif- 
fer greatly in their power of retaining this magnetism 
when the inducing force ceases, or, as the phrase is, in 
‘* coercive force.’? Thus, while the inductive suscep- 
tibility of steel is less than that of iron, it retains 
much more of the magnetism imparted to it, and is 
therefore said to have much greater coercive force ; 
and the coercive force is greater the harder the steel is 
tempered. 

It is obvious, therefore, that the principle of ‘‘ in- 
duction,” along with the idea of “‘ retaining power”? 
or ‘‘coercive force,’ furnishes us with the key to the 
explanation of the communication of permanent mag- 
netism, whether by means of natural magnets or of 
artificial magnets, or of the electric current. In par- 
ticular, we see at once the reason why the end of a 
needle which has been touched by the north pole of 
another magnet becomes a south pole, and vice versa, 
—a fact which greatly puzzled the earlier magnetic 
experimenters, and indeed all who were inclined to 
think that, in the process of magnetization, something 
was communicated from the one magnet to the other. 


Coereive 
force. 


MATHEMATICAL THEORY OF THE ACTION OF 
PERMANENTLY MAGNETIZED BODIES. 


In this section we shall suppose the bodies consid- 
ered to be rigidly magnetized; “e., we shall suppose 
that magnetic action exerted on any body produces no 
change in its magnetization. It is further observed 
that we are merely establishing a compendious repre- 
sentation of observed facts, and foreclosing nothing as to 
their physical theory or ultimate cause. Our method 
is therefore to some extent tentative, and its success is 
to be judged by the agreement of the results with ex- 
periment. 

There are two main facts to be borne in mind :—(1) 
that a magnet is polarized, and (2) that the properties 
of its smallest parts are similar to those of the whole. 
Adopting the mathematical fiction of action at a dis- 
tance, we may represent the action of such a body by 
a proper distribution of imaginary positive 


and negative attracting matter throughout — Postv¢ 
its mass. This imaginary matter, following negative 
Sir W. Thomson, we shall call ‘‘ magnet- ee 


ism,’ as we thus avoid suggesting other 

properties of matter than attraction, of which in the 
present case experience has given no evidence. We 
assume that magnetism of any sign repels magnetism 
of the same sign and attracts magnetism of the oppo- 
site sign. Magnetism is supposed to be so associated 
with the matter of the body that magnetic force exerted 
on the magnetism is ponderomotive force exerted on 
the matter. On the other hand, magnetic force is 
always supposed to be exerted by magnetism upon 
magnetism, and never directly by or upon matter. 
Into the nature of this association of magnetism with 


® Pogg. Ann., Xly. p. 375, 1838, 
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matter there is no pretence, indeed no need, to 
enter. 

The elementary law of action assumed is that the at- 
Elementary traction or repulsion (as the case may be) 
law ofaction between two quantities m and nv’ of magnet- 
atadistance. gsm, supposed concentrated in two points at 


4 + min’ Bike ree op a 
a distance r apart %s a s, and is in the line joining the 


two points. This supposes that the unit 
quantity of magnetism is so chosen that 
two units of positive magnetism at unit dis- 
tance apart repel each other with unit force. This 
definition, which is fundamental in the electromagnetic 
system of units, gives for the dimensions of a quantity 


Unit of | 
magnetism. 


7 hei 
of magnetism (ver i. If the electrostatic sys- 


tem be adopted the result would of course be different. 
An accurate meaning can now be given to the phrase 
“strength of a magnetic field,’ or its 


eae ae equivalent ‘‘resultant magnetic force at 
field. a point in the field;’’ it is defined to be 
Resultant. the Jorce exerted upon a unit of positive 
fore. ~~ magnetism supposed concentrated at the 


point. The force exerted on a unit of nega- 
tive magnetism would of course be equal in magnitude, 
* but oppositely directed ; and in general, if R denote the 
resultant magnetic force at the point, the magnetic 
force exerted on a quantity « of magnetism concen- 
trated there is «R. 
We may, asin the corresponding theory of electricity, 
Volume ana introduce the ideas of volume density (p) 


surface . and surface density (¢),—so that pdv and 
ensity 0 antities ism j 
meeneeen, ods denote the quantities of magnetism in 


an element of yolume and on an element of 
surface respectively ; p and o may of course be positive 
or negative according to circumstances. 

It will now be seen that, mathematically speaking, 
the theories of action at a distance for electricity and 
magnetism are identical, and every conclusion drawn 
will have, so far as the physical diversity of the two 
cases may allow, a double application.! In particular 
it will be found that the theory of magnetism, when 
properly interpreted, gives the theory of dielectrics po- 
larized in the way imagined by Faraday. 

The fact of magnetic polarity requires the conception 
Total of negative as well as positive magnetism. 
magnetism ‘The fact that the properties of the smallest 
ZEXO: parts of a magnet are similar to those of 
the whole requires that in every element of the body 
there shall be both negative and positive magnetism. 
From the fact that in a uniform field, 7. e., one in 
which the resultant magnetic force has at every point 
the same magnitude and direction, the force of trans- 
lation upon a magnet is nil, it follows that the algebraic 
sum of all the magnetism in any magnet must be zero ; 
for, if R denote the strength of the field, by the theory 
of parallel forces the whole force on the magnet will be 
_ S(«R),= RE«; hence «=0. In other words, in every 

magnet there must be as much negativeas positive mag- 
netism ; and this conclusion also must be extended to 
the smallest parts of every magnet, so long as we do 
not go behind the mere facts of observation. The 
positive and negative magnetism cannot be coincident 
throughout, otherwise there would be no external mag- 
netic action, but the separation is in the elements of 
the body. Thus, although there is no force of trans- 
lation im a uniform field, there will in general be a 
couple. _ Consider the positive and negative magnetism 
separately, and let « denote any element of the former 
and «’ any element of the latter. Let N be the centre 
of mass of the positive, S the centre of mass of the 
negative magnetism; so that, if the magnet be referred 
a set of rectangular axes, the co-ordinates of N and 

are 


1 To prevent needless repetition, we shall adopt henceforth, 
without further explanation, the definitions, terminology, and 
results given in the article ELECTRICITY, vol. vili. p. 23 sq. 
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Let the distance NS=J/, and let K=/3«, =—([2x’; 
this quantity K is called the ‘‘magnetic 
moment.’’ By the theory of parallel forces, 
if we suspend the magnet in a uniform 
field of strength R, the action upon it reduces to two 
forces RE« and —R2X«, each parallel to the direction of 
the field, acting respectively at N and §, in 


Magnetic 
moment, 


other words to a couple whose moment is Maentic 
R&«siny or KRsinx, where x is the angle uniform 
field. 


between SN and the direction of the field. 
Hence, if the magnet be Bet) free to follow the 
magnetic action of the field, it will set so that the line 


re »—> 

SN or the line NS is parallel to the direction of the 
field, the equilibrium being stable in the former case, 
but unstable in the latter. The line NS is therefore 
parallel to what we have already defined on experi- 
mental grounds as the axial direction in the magnet. 
N, 8, and NS are sometimes called par excellence the 
poles and the axis of the magnet; we have adopted 
the looser definition given above because it is more 
convenient and nearer the popular usage. 


The above results may be applied to some cases very im- 
portant in practice. Let the magnet whose 


centres of positive and negative magnetism Theory of 
are N and S be suspended by the middle point dipping 
of NS, which, for simplicity, may be assumed i 
to be also its centre of gravity. Let OX (fig. 20) be a hori- 


8 


Fie. 20. 


zontal line drawn northwards, OZ a vertical drawn down- 
wards, both in the magnetic meridian. Let the vertical 
plane through NS make an angle @ with the magnetic me- 
ridian, and let ON make an angle ¢ with the horizon. If 
R be the strength of the earth’s magnetic field, and «¢ the 
angle of dip, then the horizontal and vertical components 
of the earth’s force are HR coscand Z—R sin« 

First, suppose the angle ¢ fixed, and the magnet free to 
rotate about OZ only; then the couple tending to diminish 
the angle @ is 


2.2K. Reos: 5 cospsin#, or KReos:cos¢sin#. 


In other words, the directive couple varies as the sine 
of the angle of deviation from the magnetic meridian. 
This conclusion was verified experimentally by Lam- 
bert, and also by Coulomb? by means of his torsion 
balance. It will be seen that, cceteris paribus, the di- 
rective couple is greatest when the magnetic axis is 
horizontal. 

Next suppose the angle @ fixed, and the magnet free to 
rotate about a horizontal axis inclined at an angle 90°-@ to 
OX. The couple tending to diminish the angle ¢ is KR 
(cos: cos@ sing—sin«cos¢). The position of equilibrium 
is given by the equation tan ¢= sec 6 tans. 

2 Mém, dev Acad., 1785. 
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The angle at which the axis is depressed below the 
horizon is therefore least when @=0, and greatest when 
6= 90°, its value being « in the former case, and 90° in 
the latter, as stated above, p. 222 


aa. 


In general, if \’, #’, »’ and), », v be the direction cosines 
of the direction of the field and of the axis of the magnet 
respectively, then, resolving the forces acting at N and §, 
we see at once that the three components of the magnetic 
couple are ; 


KR(v'p-y’r), KR —v'a), KR(u'A—a'p) « . (2). 


These are clearly the same as the components of the 
couple on a system of three magnets whose 


pen axes are parallel to OX, OY, OZ, and whose 
resolved as Magnetic moments are KA, Ku, Kv. Hence, so 
a vector. far as the action of a uniform field is concerned, 


Wwe may resolve the magnetic moment like a 
vector, and replace a given magnet by others the resultant 
of whose moments is the moment of the given magnet. 


It appears therefore that in a uniform field every 
magnet behaves as if it were made up of a certain 
quantity of positive magnetism and an equal quantity 
of negative magnetism placed at such a distance apart 
on a line parallel to the magnetic axis that the product 
of the quantity of magnetism into that distance has a 
value equal to the magnetic moment of the magnet. 
It is very important to observe that the magnetic 
moment alone appears in the above formule for the 
magnetic action. We cannot therefore separately de- 
termine from observations in a uniform field either the 
quantity of positive or negative magnetism ina magnet 
or the distance between the magnetic centres of mass. 

Let M be any magnet, and P a point whose distance 


i ‘ M icin fini ETN 
Biaks from ost a of M is infinitely great com 


ok ae with the linear dimensions of M. 
replaced by Then, since all the lines drawn from P to 
an infinite different points of M are sensibly parallel 
infinitely and equal in length, we may suppose the 
small ositive and negative magnetism of M to 
magnets. rs 


collected at their mass centres, 7.e., M 
to be replaced by an ideal magnet. It is also obvious 
that, throughout a region around P whose linear di- 
mensions are of the same order as those of M, the field 
due to M may be regarded as uniform. Hence we 
conclude that in calculating the mutual action of two 
magnets M and M’ we may replace each of them by 
an ideal magnet, provided the distance between them 
be infinitely great compared with the linear dimensions 
of either. This condition may be satisfied either by 
making the distance between the magnets very great 
if their dimensions be finite, or by making their di- 
mensions infinitely small if the distance between them 
be finite. The second alternative suggests at once a 
method for representing the magnetic action of mag- 
netized bodies at finite distances. We may divide up 
the body into portions whose linear dimensions are in- 
finitely small compared with their distance from any 
point at which their action is to be considered; each of 
these portions is itself a magnet, and may be replaced 
by an ideal magnet having the same axis and moment. 
The whole magnetic action is obtained by integrating 
the action of all the ideal magnets of which the body 
is thus supposed to be composed. 
Let A, “, v be the direction cosines of the magnetic 
axis of any element dv of a magnet, and I 
Intensity of such that Idv is the magnetic moment of 
eee. the element, and let A= A, In =B, b= 
C; then I is called the ‘‘intensity of mag- 
netization’’ at the point where the element is taken. 
I may be regarded as a vector which specifies the 
magnetization of the body; in general it varies con- 
tinuously from point to point; if it has the same 
value and direction at every point, the body is said to 
be uniformly magnetized. A line drawn so that the 
direction of I at every puint of it is tangential to it is 
ed a ‘‘line of magnetization.’’ It is 
clear from what has already been shown 
that we may if we choose replace the ele- 
ment dv by three ideal magnets whose axes are paral- 


. Line of mag- 
netization. 
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lel to the co-ordinate axes, and whose moments are 
Adv, Bdv, Cdv respectively. 


If then K be the magnetic moment of the Resultant 
whole magnet, éK the moment of any element ™agnetic 
év, and p, g, r the direction cosines of the axis peat eed 


of the whole magnet, we have K = Is«, =-[3k’; 


and, remembering that «’ x for every element, 
ie) 
rat X(GKXA)_ STAdy — SAdv 
Zk 70 =! . 


a! 1 > 

K = : i K 1G Sage 
We may therefore write, replacing summation by inte- 

gration, 


‘ Kp =/ffAdr, Kg = f/f Bar, Kq=///Cdv (3). 


Let SN be an ideal magnet of infinitely small length J, let 
m be its magnetic moment, and m=«l. Let 
Q be its middle point, and the angle PQN =e, N Potential of 
being the positive or north-seeking pole; and sniately 
let QP=D. Then the potential at P due to magnet. 
this magnet is 


k { D? — Dicose -++- a} ek D? +- Dicose + 32 i “4. 


Expanding and neglecting powers of f above the first, we 
get for the potential 
mecosé@ . 
ae 
Hence the potential at P (¢, », $) of an infinitely small 
magnet Adv at (2, y, z), having its axis parallel 


(4). 


to the axis of x, is A(f-z)/D® and similarly be ot 
for the other two. We therefore obtain for the pial deny 
potential of the whole magnet : 
-_((r ; ae 
V=fJf [AG-2)+B(r-y) +06-2} pe 
ad) @), a>) 
D D ‘ (5). 
yf el D D D 
fi ( A dx +B +C 


dy dz 
a 


} de 
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Taking the second of these expressions and integrating 
| by parts in the usual way, we get 


vf Se 


(6), 


where o=l1A-+ mB+ nC=Icosé 
pa-(tA 4B, ae 
dz dy as ) 


l, m, n being the direction cosines of the outward normal 
to any element dS of the surface of the magnet, and @ the 
angle between the normal and the direction of magnetiza- 
tion at ds. 

Hence the action of any magnet may be represented 
by means of a certain volume distribution 
(p) and a certain surface distribution (c) of 
free magnetism. This important proposition 
is due to Poisson. 

The fact, in itself obvious, that the sum of all the mag- 
netism of Poisson’s distribution must be zero, gives the 
theorem 


SIG e+ a) dw = {(UA-+ mB + no)as 
={fi cosédS 


which admits of course of direct analytical proof. 


The magnet may also be replaced, so far as its ex- 
ternal action is concerned, by a distribution : 
wholly onits surface, as was shown by Gauss.” PERG kat 
This will be seen at once if we replace the ; 

ositive and negative magnetism throughout the body 
fy positive and negative electricity, and suppose the 
surface of the magnet covered with a conducting layer 
in connection with the earth. The surface will thus be- 
come charged with a distribution of positive and 
negative electricity whose total sum is zero, such 
that the potential of the surface is zero, and hence 
the potential at every external point zero. The potential 
of this surface layer at every point external to the body 


Poisson’s 
distribution, 


(7), 


1 Mém. de?’ Institut, tom. v., 1821. Z 
2 Intensitas Vis, 2 2 (1832), and Allgemeine Lehrstitze, 3 36 (1839). 
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is therefore equal and opposite to that of the internal 
electricity. If, therefore, we change the sign of the 
surface density at every point, we obtain a surface dis- 
tribution whose potential at every external point is 
the same as that of the body. There is of course only 
one such distribution: we may call it Gauss’s distribu- 
Case of fon. 7 

solenoidal Poisson’s distribution will coincide with 
magnetiza- that of Gauss provided the magnetization 


tion. be such that t 
dA , dB, a 
sidesiact So a Cha Bean 8); 
daz ° dy q dz : bg 


when this condition is satisfied at every point of the 
body, A is said to be ‘‘solenoidally’’ magnetized; a4 
particular case is that of uniform magnetization. 

So long as the point considered is exter- 
nal to the magnet there is no difficulty in 
attaching a definite meaning to the result- 
ant magnetic force (4)) at a point; its 
components are given )y 

Ty 
datas: OE th alae 
dx dy dz 
and the values obtained will be the same whether V 
be calculated by means of Poisson’s or of Gauss’s dis- 
tribution. Inside the body the result is otherwise, for 
reasons that are not difficult to understand, when we 
examine the nature of our fundamental assumptions. 
It is therefore necessary to be careful to define what 
we mean by resultant magnetic force in the interior of 
amagnet. It is defined by the above equation (9) on 
the understanding that V is caleulated from Poisson’s 
distribution. We can show that 4) thus defined is the 
resultant force in an infinitely small cylindrical cavity 
within the magnet, whose axis is parallel to the line of 
magnetization, and whose radius @ is infinitely small 
compared with its axis 2b. 

The removal of the matter filling such a cavity will 
affect Poisson’s volume distribution to an infinitely small 
extent; the alteration of the force if any, will therefore 
arise simply from the surface distribution which we must 
place on the walls of the cavity in order to make up the 
complete representation of the action of the magnet in the 
cavity. This distribution reduces to two circular disks of 
radius « at the two ends, the densities of the magnetism on 
which are —-I and -+-I respectively. The action due to 
these is a force 471 (1 — b/V a*+-02) in the direction of mag- 
netization. Ifa be infinitely small compared with b, this 
force becomes zero, which proves our proposition, 

Tf, on the other hand, the cavity in the 
magnet be disk-shaped—say a narrow 
crevasse perpendicular to the line of magnetization— 
then the force due to the distribution on its walls be- 
comes 471, and the resultant force in the cavity is no 
longer 4), but a force ®, whose components are 


a=a-+4rA, b=p-+4rB, c=y+4rC . (10). 

% is called the “magnetic induction”? at the point 
(x, Y, 2). 

From the definition of H it follows that outside the mag- 


net 
ETON ks YD), 
: 
dA, dB, ac 
=-4n( Sot Get 


dx ' dy 
} . . (12). 
dx dz 


At the surface of a magnetized body the tangential 
component of 4 is continuous, but the normal com- 
ponent increases abruptly by 4x1 cosé in passing from 
the inside to the outside of the surface. 

Outside magnetized matter the magnetic 


(nuity of force and the magnetic induction are coin- 
#) 9nd B- cident. Inside we have 


da, db, de__da , dp , dy dA , dB, dC 
Bl _—"" ssl Eh rahe ie -+-_— }\=—=0... fe 
dx ras agi date x( dx ei dy zs dz ’) ‘ Are) 


Resultant 
force inside 
a magnet- 
ized body. 


Magnetic 
induction. 


Inside 


Continuity 
and disecon- 


dz dx 


Hence the magnetic induction satisfies the solenoidal 
condition both inside and outside magnetized matter, 
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It has normal continuity, and, in general, tangential 
discontinuity, at the surface of a magnetized body. 


For if v,7 and n,t be the normal and tangential com- 
ponents of 4 and B just inside, and v’, r’ and w/ t¢’ the eorre- 
spouding components) ust outside the surface near any point, 
we have n=v-+4rIcosé, and n’=»’; but v’=1-+4rIcosé, 
therefore n=n'. On the other hand 7r’=t’, whereas 7 is the 
resultant of ¢ and 47I siné, which is parallel to the surface, 
but otherwise may have any direction according to circum- 
stances; hence, since t/=t, in general r’ is not equal to r. 

In fact there will be tangential discontinuity of the 
magnetic induction unless the line of magnetization be 
perpendicular to the surface of the magnet, in this case 


«| there is complete continuity of the magnetic induction. 


When the magnetization at the surface is tangential, 
there is, on the other hand, complete con- 


aaa: 3 Surface in- 
tinuity of the magnetic force. tegral of 
__ It follows from the above that the surface magnetic 
integral of the magnetic induction taken ““42900 


over any closed surface S vanishes. 

First, let the surface be wholly within or wholly with- 
out continuously magnetized matter. We have, integrat- 
ing all over S and all over the space enclosed by S, the 
analytical theorem 


fJtcbarbaoni= GE +) an 


hence the result follows, for every element of the right- 
hand integral vanishes. Next, suppose S to be partly 
within and partly without a magnetized body, Divide it 
into two parts by adouble partition one of whose walls runs 
outside the surface of the body and infinitely near it, the 
other inside and infinitely near it; then, on account of the 
normal continuity of ®, the surface integral will be the 
same in absolute value over each of these walls. Hence the 
integral over the whole of S differs infinitely little from 
the sum of the integrals over the two surfaces into which 
it is broken up by the double partition, each of which van- 
ishes by the former case. Hence the theorem holds in this 
case also. 


We may therefore apply to lines and tubes of mag- 
netic induction without restriction all the theorems 
proved for lines and tubes of electric force in space free 
from electrified bodies. We may speak of the num- 
ber of lines of magnetic induction instead of the surface 
integral if we choose. And we have this important 
theorem :— 

The number of lines of magnetic induction that pass 
through an unclosed surface depends merely on its 
boundary. 

There must therefore be a vector A, whose line in- 
tegral round the boundary is equal to the Vector po- 
surface integral of % over the surface. tential. 

The components F, G, H of a are connected with those 
of ® by the equations 

patt_aG ,_aP aH 
dy dz’ dx’ 
a has been shown in the article ELEcTRIcITy, vol, viii, p. 


Mutual potential energy and mutual action of two magnetic 
systems.—The potential energy of a small mag- 


aretyr 


net is «(V2-Vi), where Vi and V2 are the values Mutual po- 
of V at its negative and positive poles. If the ee 
magnet be infinitely small, of length ds say, the fed te 
direction cosines of ds being d,u,v, this may be nets. 


written «dsdV/ds, i.e., mdV/ds, or, if we are con- 
sidering a magnetized element of volume dv, 


av, dV, av 
d 
1( ig tay Tae . « SMEG 


Hence the potential energy of the whole magnetic system 
in a field whose potential is given by V is 


w= fase +38 +o 
, =~ (fj (Aa-+ BB+ Cy) dv 


the integration being extended all over the magnetized 
masses supposed to be acted upon. Integrating by parts, 


we get at once 
W=/fVodS + (ffVedo . . « . (18), 


cand p being the surface and volume densities of Poisson’s 


(17), 
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distribution, a result that might have been expected. W 
may also be expressed as asextuple integral; for, if I’, \’, p’, 
v', x’, y’, 2’ refer to the acting system, then 


d pi! d i 
= th Nie oh Sa 1@ \ * dz! dy’ dz’. 
Vv f(x wt igt py dy! dz 
Wheuce 
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A remarkable expression for W may be obtained by sup- 
posing the integration in (17) extended throughout the 
whole of space, on the understanding that A, B, C are zero 
where there is no magnetized matter, and then integrating 
by parts. We get, since the surface integral at infinity 
may be shown to vanish, 


wif T+ F 40%) 
2) 


=e 08 


dz 

where it must be understood that A, B, C vary continu- 
ously, however rapidly. In point of fact, where, as at the 
surface of a magnetized body, there is discontinuity, a finite 
portion of the integral will arise from an infinitely thin 
stratum near the surface. The proper representation of 
this part will be a surface integral, as may be seen by re- 
ferring to (18), from which we might have started. 

If now V’ be the potential of the magnet acted upon, 


then 
ay! | PV’, BV'_, /dA , 4B, dC, 
BT ays ta (Ge tay tae) 
whence 
@y! 
dy? 


w= 2 fifv(Ge+ 
=+ 4 
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where R and R’ are the resultant forces at any point of 
space due to the acting and acted-upon systems respectively, 
and @ the angle between their directions. 

In practice W is expressed as a function of the variables 
(equal in number to the degrees of freedom) that 


d 


1 is) (19). 


(20), 
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dv dv’ 
dy dy 


d 1 
+ V dV 


‘i dz dz 


jae (21), 


pc pepe determine the relative position of the two sys- 
ubpact jn tems; differentiation with respect to any one 


given field, of these then gives the generalized force com- 
ponent tending to decrease that variable. 
We may also calculate the forces directly. For, the com- 
ponents of force on the element dv, being the differences 
of the forces acting on the two poles of the element, are 


da da da 
sche Eg 9 Dr aa : 
(4g+ ay tas) ete. ; 
and the components of couple, in calculating which the 
field may be supposed uniform, are (see above, p. 229) 
(yB -BC)d», ete. 


Hence, integrating, we get, with the chosen origin, for the 
components of the whole force and couple, 


s—ffjenregren)a 


and similarly for J and 2- 


me dy 1 pay, ody 
x A(f iB pC +y( A+ BLOT) 
ne dg dg dp 
(AE +B ign oS } dv, 
and similarly for ¥{{ and J. 


In the important case of a uniform field whose compo- 
nents are a, 8, y, we have 


J W=- K(la + mp + ny) (23), 
K being the moment of the magnet, and J, m, n the direc- 


tion cosines of its axis. From this formula the results 
given above (p. 228) can be deduced with great ease. 


(22). 


P. 


1 See Thomson, Reprint of Papers on Electricity and Magnetism, | an experimental point of view by 
433, | Berlin, 1766. 
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Ezxamples.—Some examples of the application of 
the foregoing theory are here given, partly on account 
of their instrinsic value as types enabling us to con- 
ceive the different varieties of magnetic action, partly 
for the sake of the light they throw on the theory 
itself. The reader who desires more such should con- 
sult Maxwell’s Hlectricity and Magnetism, or Mascart 
and Joubert, Legons sur [ Electricité et le Maynétisme. 

Solenoidal Magnets have already been defined as such that 
the vector I satisfies the solenoidal condition 

dA aBo pd! 2 
dt § dy fe moe 


The lines of magnetization, therefore, have all the pro- 
perties of lines of magnetic induction or electric 


force. In particular, if we consider a portion bidet weg 
of the magnet enclosed by a tube of the lines pate ce 


of magnetization, the product of the intensity 

of magnetization by the section at each point is the same. 
Such a portion of magnetized matter taken by itself is 
called a ‘‘magnetic solenoid,” and the product mentioned 
is called its “strength.” It is clear (from the general de- 
finition, or it may be proved directly from the secondary 
property just mentioned) that the action of the solenoid 
may be represented by the distribution of a certain quan- 
tity oI of positive magnetism on the one end and an equal 
quantity of negative magnetism on the other, I being the 
intensity of magnetization, w the normal section at the end. 
The action therefore depends merely on the strength of 
the solenoid and on the position of its ends. The shape of 


) 


Fig, 21. 


the intervening portion is immaterial. If we suppose it 
straight, and if the section be infinitely small 


so that the magnetism at the ends may be re- Equi ‘ies 
garded as condensed at two points, we have an = lines 
ideal magnet of finite length. The equipoten- of force. 


tial lines of such a magnet in any plane through 
its axis are of course given by the equation 


Lhe, 
—-— const... ... 
7 ns 


r 
where r and r’ are the distances of any point P on the line 
from the poles. 

The equation to the lines of force is easily obtained ;? for, 
if NP and SP (fig. 21) make angles @ and 6’ 
with the axis of the magnet, and ¢ and ¢’ with saeet pee 
the line of force, we must have ee 


sin?/r? — sing’ /r’?=0; 


(24), 


hence, since ‘ 
sind —rdé/ds, sinp' =r'dé/ds, 
we get 
de/r—de' |r’ =0; 1. e., sinédé —sin 6’de’ =0; 
which gives for the equation to a line of force 
cos9 — cosé’ = const. (25). 

We may imagine a magnet of this kind so long that the 
action of one of its poles may be altogether neg- ro 18k 
lected at points which are ata finite distance Lites © 
from the other. We thus effectively realize what 7; 
neyer occurs in nature, viz., a magnet with one pole only. 
If we place the like poles of two such magnets near each 


2 The first mathematical investigations of the equation to the 
lines of force of an ideal magnet appear to have been made by 
Playfair at the request of Robison, and by Leslie, Geom. Analysis, 
1821. They had previously been very carefully considered from 

4 bert, Mém de U Acad. de 
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other, we get a field the equipotential lines and lines of 
force in any axial plane of which are given by the equations 


1 ++ = iCOUSU nisi es (26). 
cos @-+- cos 6’ = const. (27). 


The lines of force given by equations (25) and (27) may 
be traced ina diagram by means of the following simple 
and elegant construction.! Draw twocircles A and B, hay- 
ing equal radii and N and § respectively for centres; pro- 
duce the line NS both ways, and, starting from the centre, 
divide it into any number of equal parts; through these 
draw perpendiculars to meet the circles A and B; from N 
draw a series of lines to the points of division on B, and 
from S asimilarseries tothe points of division on A. These 


lines will form a network of lozenges the loci of the vertices | 


of which will be lines of force, corresponding to (25) or (27) 


Fia, 22, 


according as we pass from point to point along one set of 
lozenge diagonals or along the other. Fig. 22 will give the 
reader an idea of the general appearance of the two sets of 
lines. He may compare the ideal with the actual cases by 
referring to figs. 4 and 5, p. 223. 

In the case of an infinitely small magnet, the equipoten- 
tial lines are of course given by the polar equa- 


eae tion r?=c?cos@, c¢ being a variable parameter. 
net. © It is easily shown that the lines of force, which 


are necessarily orthogonal to these, have for 

their equation r=esin70,2_ If ¢ be the angle between r and 
the tangent of the line of force, we have tan¢=rdo/dr=$ 
tané ; hence the following construction for the direction of 
the line of force at P due to a small magnet at O:—let K 
be the point of trisection of OP nearest O, and let KT, per- 
pendicular to OP, cut the axis of the magnet in T; then TP 
is the tangent to the line of force at P. This construction 
in a slightly different form was given by Hansteen* and by 
Gauss‘; the latter adds that the resultant force at P is given 
by M.PT/OT.OP? where M is the magnetic moment of the 
magnet, a proposition which the reader will easily verify. 
These propositions are of considerable use in rough mag- 
netic calculations. As this is an important case we give a 
diagram of the equipotential lines and lines of force in fig. 23. 
We may, if we choose, consider a filament of matter mag- 
netized longitudinally at every point, but so that the 
strength wl (=J, say) is variable. Such a filament is called 
a complex solenoid. It may clearly be supposed made up 
of a bundle of simple solenoids whose ends are not all coin- 
cident with the ends of the filament. If ds be an element 
of such a filament, the potential is given by : 


ai ae 
ED ie da 1 dJ 
Vad San fi ld. : 
ds Deis Da - 


That is, its action may be represented by two particles of 


1 Roget, Jour. Roy. Inst., 1831. 

2 Hansteen, Magnetismus der Erde, p. 208 (1819). 
3 Magnetismus der Erde, p. 209. 

* Resultate d. Mag. Vereins, 1837 and 1840. 
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magnetism J; and J2 at its two ends, and by a continuous 
distribution of free magnetism along its length whose den- 
sity is —dJ/ds. This is of course merely a particular case 
of Poisson’s distribution. 

When a body is solenoidally magnetized, the magnetic 
force cu) both external and internal depends solely on the 


surface distribution, i.e., merely on the ends of the solenoids 
of which the body is composed. We may therefore suppose 
the two ends of any solenoid joined by a solenoid of equal 
strength lying in the surface of the body. Proceeding thus, 
we may in an infinite number of ways construct a surface 
layer of tangentially magnetized matter which will repre- 
sent the magnetic action of a solenoidally magnetized body. 
Thomson has shown by means of a highly interesting piece 
of analysis how to find the components of this tangential 
magnetization. See Reprint of Papers on Electricity and 
Magnetism, p. 401. 


Fia. 28, 


The magnetic theorems just stated will suggest at once to 
the mind of the reader acquainted with the analysis em- 
ployed in hydro-kinetical problems the close analogy that 
subsists between the two methods. In fact, by proper ar- 
rangement, every problem in the one subject can be con- 
verted into a problem in the other. For details we refer 
the reader to Thomson, who was, so far as we know, the first 
to work out this matter fully ; in the present connection he 
should consult more particularly 3% 573 sq. of the Reprint, 

Uniformly Magnetized Bodies constitute in practice the 
most important case of solenoidal magnets. In 


the first place it is obvious that the whole mag- Foe 
netic moment of such a body is simply its iy peeeees 
volume multiplied by the intensity of magnet- j7eq bodies, 


ization, and that the axis of the whole is par- 
allel to the axis of each of its infinitely small parts. The 
method usually applied to calculate the potential in this 
case may be presented in two ways. The potential is cal- 
culated according to 
_prPoisson’s method in 
P— this case merely 
from a surface dis- 
tribution of varying 
density Icosé. We 
may replace this by 
a layer-of uniform 
density p and vary- 
ing normal thick- 
ness. Let the thick- 
ness at any point 


/ measured parallel to 
/ the magnetic axis be 
{ t; then the normal 
\ thickness is teos0; 


hence ptcosé=I cose, 
and pt=I; i.e, ¢ is 
constant. We may 
therefore suppose 


Fig. 24, 
the magnet replaced by itself (fig. 24) with a uniform 


ellipsoid through (x, y, 2). 
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volume distribution p of positive magnetism, and itself dis- 
placed through a distance ¢t in a direction opposite to that 
of magnetization with a uniform volume distribution —p; 
or, which comes to the same thing, the potential of the 
magnet at P is p/ U—U’), where U is the potential at P of a 
uniform volume distribution of density +1 throughout 
the magnet, and U’ the potential of the same at a point P’ 
displaced through a distance ¢ in the direction of magnet- 
ization. : 

If 1, m,n be the direction cosines of the magnetic axis, 
this gives at once 


pee OO gp eU. aU 
a iG wag dy meas dz a (29) 
weit (; Us nO 4D bite 
(atm dy "de 
=AX-+BY+ CZ 


where X,Y,Z are the components of the resultant force due 
to volume distribution p=+1 throughout the body, and 
A, B, C the components of the magnetization. 

The same result may also be arrived at thus. The part 
of the potential due to the element dv is Idv cos @ r?, but this 
is the component parallel to the direction of I of the re- 
sultant force at P of a volume distribution whose density 
in dw is 1; hence, since the direction of I is everywhere the 
same, the whole potential is the component parallel to the 
magnetic axis of the body of the resultant force at P of a 
volume distribution p=I throughout its whole extent. 
This gives at once the expression of (29) for V. 

In the case of a uniformly magnetized sphere of radius 

Sphere a, the axis being parallel to the axis of a, and 

*_ the.centre at the origin, we get, if r be the dis- 
tance of P from the origin, for external points, 

Vis Srlaralre oe em oo » (680)3 
in other words, the external action is that of a magnet of 
infinitely small dimensions, haying the same moment and 
axis, placed at the centre. 

For internal points 


Wiser liste ry es (31); 
whence it appears that the magnetic force inside the sphere 
is constant in magnitude and in direction, being opposite 
to the uniform magnetization, and equal to —$r1. 

The potential of a uniformly magnetized ellipsoid may 

Ellipsoid be similarly treated. Let the origin be at the 
psoid, oe 4 

centre, and the axes along the principal diame- 

ters of the ellipsoid, whose lengths are 2a, 2b, 2c, and let 


1, m, n he the direction cosines of its magnetic axis. Con- 
sider first an external point. Then,! if 
oo 
L=2rabef dd ___) M=cte:, N=ete.) (82) 
Ya (+9)5(0-+$)(e+4) 
where a is the positive root of 
op y af 
= ; =f 
@fe Prelate : 
we have 
X =Lez, Y= My, Z=Nz, 
and 
V=ALe-+BMy+CNz ... . (33), 


where it must be remembered that L, M, N are functions 
of x, y, Z, inasmuch as a is so. 

If (x, y, z) be an internal point, X, Y, Z are the com- 
ponents of the force due to a similar and similarly situated 
Let its axes be pa, pb, pe; we 
now have ; 

X=|La, Y=My, Z=Nez, 
where 
dp : 


@ 
L=2epaphneS y/ (pa? + 9) DPOF $)(pre? F #)’ 
or, writing ¢= py, 
aN bt dy 

L=2rabef V eRe py’ M=etc., N=etc. (34). 
We thus obtain for V, 

V=ALc-+BMy+CNz, . » + (35), 
where L, M, N are now constants, which remain the same 


so long as the ratios of the axes remain unaltered. The 
components of the force inside the ellipsoid are 
a=-AL,s=-BM, y=-CN .. . (86). 
The force is therefore uniform ; but its direction does not 
coincide with that of the magnetization, unless the latter 
be parallel to one of the principal diameters, and then the 
force is opposite in direction to the magnetization. It will 
be observed that the force inside similar ellipsoids simi- 


1See Thomson and Tait, Natural Philosophy, vol. 1. 2 522, 
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larly magnetized to the same intensity is always the same, 
For an oblate ellipsoid of revolution, in which 


b=e=a/V 1-6, 


For a very flat oblate ellipsoid of revolution 
L=4r, M=N=7%a/c. 
For a prolate or ovary ellipsoid of reyolution, in which 
a=b=cy1—e, 
1 1-é 1+ 
@ 2 


N==4n(—; -1) Gn loge bS24 ). 
e Qik L Se 


From the formule for an ellipsoid we could easily deduce 
those for an infinitely long elliptic or cireular cylinder ; 
we haye merely to make one of the axes infinite. We find 
in this way, for instance, that the force inside a circular 
cylinder of infinite length magnetized transversely is -27I. 

The reader will find it interesting to examine the values 
of the magnetic induction in the foregoing cases, and to 
verify its normal continuity at the surface of the magnet. 

Lamellar Magnets form another very important class. In 
them the components of magnetization are 
derivable by differentiation from a function 


Lamelar 


¢(a, y, 2), Which is sometimes called the “ poten- acest 
tial of magnetization,”? so that 
dp dp p~__d¢ ss 
athe =. C= 37). 
dx’ dy’ dz ep 


It is obvious at once that the family of surfaces ¢(2, y, 2) 
= const. cut the lines of magnetization at right angles; for, 
if dz, dy, dz be the projections of the element of any line on 
the surface, we have by differentiation 

dd dd di 
—da+t+—— =~ dai== 0 
dx y dy yt dz : 
i. e., Adx + Bdy + Cdz=0, 
which is the analytical expression of the property in ques- 


tion. We may therefore suppose a lamellar : 
magnet divided up by these surfaces of magnet- ae 


ization into an infinite number of infinitely 
thin normally magnetized shells or lamelle. It can be 
shown that the product of the intensity of magnetization 
by the thickness at each pointof any such shell is the same; 
for, if (2, y, 2) cand $(a, y,z) = ¢-+ éc be the equations to 
the two surfaces bounding the shell, 6v the normal distance 
between them at any point, we have 


dp 5, dp , dp 5, — 5 

eo ae ae ia 
oe ip d ip d ip ad. 

ap an | ap dy 100 dz 5) __ 5 

dx ahs, Bae =) shies 


i.e., Idv = de = constant for the same shell, which was to be 
proved. This product is called the strength of the shell. 
A shell, which is everywhere normally magnetized, but 
whose strength is not constant, is called a “ complex shell,” 
a magnet made up of such shells is called a “‘ complex lamel- 
lar magnet.” The condition to be satisfied by A, B, Cin 
this case is simply that the lines of magnetization must be 
orthogonal to a family of surfaces, é.e., Adz +- Bdy-+ Caz must 
be convertible into a perfect differential by multiplication 
by a factor ; otherwise that 
)=9 


dB_ dC dC _ dA dA dB 
» B Ls C sf 
A( dz dy Nar dx dz 7 dy dx 


The potential at P of a simple magnetic shell of strength 
iis given by the formula 
dS cosé__ 


_(ficosé@dS __. 
v={f- D? =i] D? Oars 


where is the solid angle subtended at the point P.? There 
is a convention here as to sign, viz., that side of the shell 
is positive towards which the lines of magnetization pass, 
and the solid angle subtended at points infinitely near that 
side is positive, while that subtended at points infinitely 
near the other side is negative. If we cause P to move 
from the positive side away to infinity, then back from in- 
finity to the negative side, or to move anyhow from in- 
finitely near the positive side to a point infinitely near the 
negative side without cutting through the shell, it will de- 


(38), 


2To be distinguished of course from magnetic potential, _ 
3 Gauss, Allgemeine Theorie des Erdmagnetismus, ¢ 38. 


. 
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crease continuously by 477 ; if we pass through the shell from 
a point infinitely near on the negative side to a point in- 
finitely near on the positive side, there will be a sudden 
increase of 477 ; tangentially to the shell there is continuity. 
The potential of a closed shell is evidently zero for any ex- 
ternal point, +477 for an internal point according as the 
positive or negative side is innermost. It appears also that 
the potential of a simple magnetic shell depends merely on 
its strength and on its boundary, just as that of a magnetic 
solenoid depends merely on its strength and the position 
of its ends. 

A lamellar magnet will in general be made up partly of 
closed shells, and partly of shells whose bound- 


iene aries lie on the surface; only the latter of 
magnet. course can influence the potential at external 


points. The general expression for the poten- 


tial at any point P(z, », $) is 
5), (3) 
D ( D 
g ) av 


ayn a - a 
v= ee (p ) dee da anes 
=f) o>) ay ( D) +1 ‘ (>) ds— 
mae) dz dy t z 
{ff eS) dw 


=(( 2008? ag + ang! 
SS speek a 


where @ is the angle between D and the outward normal to 

dS, and #’ the value of ¢ at the point £& 1, § (zero of course 

if ¢, n, be outside the magnet). The value of V thus found 

is not discontinuous at the surface as might be supposed, 

for both the surface integral and 47’ have discontinuities 

there, and they are equal in amount and of opposite sign. 
For an external point the potential is 


f if aes ds. 


The immediate interpretation of this is that the potential 
is the same as that due to a normally magnetized layer on 
the surface of the body whose strength at dS is ¢; in other 
words, qua external action, every lamellar magnet may be 
replaced by a complex shell on its surface. 

There is, however, another way of looking at the result. 
Since A, B, C are derivable from a potential ¢, the differ- 
ence between the values of ¢ at any two points issimply the 
value of the line integral / (Adx-+-Bdy-+-Cdz) along any path 
between these points. Hence if the tangential component 
of magnetization be given in direction and magnitude all 
over any surface, the value of ¢, @ constant prés, is given all 
over that surface. We conclude therefore that, if a body 
be lamellarly magnetized, and we know the tangential 
component of its magnetization all over its surface, its ex- 
ternal action is determined ;! for a constant c added to ¢ 
will simply add to the surface integral 


cosédS 
ch {— pe? 


which, being c times the whole solid angle subtended by 
the surface at any external point, vanishes. 


ue 
aa 


(39), 


Vector po- For another very interesting proof of this result, 
tential of see Thomson, Reprint, p. 398 sq. 
magnet. The vector potential of a lamellar magnet 


may be expressed by means of the formuls 
CB) 2h) 
L(V ODI. ah. ND ) as 
ie dy dz dz dy 
Gy A) 
={ (. ds! 
alt if 4 dz aie dy ) 
=i 1 do 
Sf D (m dz 
These formule furnish an immediate proof of the the- 


orems of Thomson above stated. 
By means of the last of them, it has been 


(40). 


-n at as G= ete. H etc, 
dy 


Beige shown in the article Execrricrry? that the 
Seraph eis vector potential of a simple magnetic shell can, 
shell, etc, asmight be expected, be expressed by means 


of a line integral taken round its boundary ; in 
the same place it has also been shown that the potential 
energy of such a shell in a magnetic field reduces to a simi- 
lar line integral; and that the mutual potential energy of 


1Sir W. Thomson, Reprint of Papers on Electricity and Magnetism, 
. 892. 
3 2 Vol, viii. p. 64. 
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two such shell reduces toa double line intregal taken round 
their boundaries. 

An important approximate expression for the potential 
of a magnet at a point P, whose distance r from 


some chosen point in the magnet is great com- Approxi- 
pared with the greatest linear dimension of the mate ie 
magnet, may be obtained as follows. Let the area 
co-ordinates of P with respect to the chosen potential. 


point and any axes through it be {, 7, 6; and 
let the co-ordinates of any point in the body referred to the 
same axes be @, y, 2. 


Also let D={(¢-2)+ (ny) +(6-2) } 2 and let r= 


(g2 1 42? + a2 s== (a+ y?+ 2%, i=trtny+tz. Then the 
potential U at (x, y, 2) of a unit pole placed at (£, 1, $) is 
given by 


ie 


Ble AAS t 3t?— r282_, 5t3— Btr2s? 
Do te oe 


== +Ui+ Ur + Us-+ete, 


by a well-known theorem, where Uj, U2, Us, ete., are spheri- 
cal harmonies of degrees 1, 2, 3, ete., in a, y, 2, and —2, -3, —-4 
ete., in %,7,%. Now, by the theorem of mutual potential 
energy, the potential V of the magnet at (¢, 7, s) is the 
potential energy of the magnet in the field due to a unit pole 
at (%,7,$); hence by (17) 

POLS MEL), 


LCC WO ed a 
v SfJ(a wii ag +03 av 
Vi, V2, Vs, 


=Vi+V2+ V3 -t ete. 

where Vj arises from Ui, V2 from U2, and so on, 

etc., will be spherical harmonics in {%, n, § of the most 
general kind, involving essentially 3, 5, 7,. . . 2i+1 con- 
stants respectively, their degrees being -2,-3,...—~4 re- 
spectively. These constants will, however, depend in each 
case on a larger number of integrals taken throughout the 
magnetized body, thus the constants in Vi will depend upon 
3(¢ +-1)(¢-+ 2) integral. There is no difficulty in writing 
down these terms except the length of the formule. Putting 


S ff Ado =Kil, SL Baw = Km, Sif Cdw=Kn 
L =//f Aady, M =f{f/f Bydv, N= Aff Czdv 
BP =//f (Bz +Cy)dv, Q=etc., R=ete, 
we get 
venhen Ss CS ete. (43). 


(42), 


It may be shown‘ that, in the most general case, if we 
take the axis of a parallel to the magnetic axis, and the 
origin at the point 


{ @L-M-N)PK, RIK, Q/K }s 


and turn the axesabout an angle tan -'P/(M —N), the above 
reduces to 


ee nn 
Ves - {9 (Mi me ) 1 ete, (44), 
An interesting particular case is that in which the mag- 
net is symmetrical with respect to the three coordinate 
planes. If we take its axis to be in the axis of a, then, 
since all the integrals L, M, N, P, Q, R vanish, V2 disap- 
pears, of the next set only 


Ai =//f Aadn, Ao =/}f Ay-dv, A3 =f//f A2dv . (45) 


remain, and we get v= -b 


3{ Ay (2% — 8n? — 38?) + Aa (4n?— 2 — 9) As (42--2} 5 
Qrt 


: (46). 
The potential to the same degree of approximation of a 
positive and negative pole of strength p, placed on the mag- 
netic axis at distances -+-L and —L from the origin (centre 
of symmetry), is 
Qe Le Qu Lz (222-Bn?2-3e?) 
bi Tin + Qrt 4 


8 This fact is further proof, if that were wanted, that the mag- 
netization of a body cannot be determined from its external 
action. 

4 See Sir W. Thomson, Reprint, p. 368. 

5 This point is sometimes called the centre of the magnet, and 
the new axes of Y and Zits secondary axes. It should be ob- 
served, however, that this centre” is not necessarily the middle 
point of the line joining the mass centres of the positive and neg- 
ative magnetism. On this subject see a paper by Beltrami, “Sul 
Potenziale Magnetico,” Ann.d. Matem., 1882. 
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If we attempt now to find » and L, so that the two mag- 
Idealrepre- netic systems may be equivalent, we find differ- 
sentative ent values for L for different positions of the 
magnet. external point. If, however, the magnet be 
symmetrical about its axis, so that Ag= =As3, then the expres- 
sion for V, sain to 

mS; 3(—A1— Az) F(222-3? -332 
v=Ai+ se (47), 
we then get 2. =K, and 2uL?—3(Ai— A2), whence L?=3 
(Ai —Az)/K. In other words, in the case of a magnet which 
is symmetrical about its axis and also about an equatorial 
plane, we can represent the external action by means of a 
fixed ideal magnet, provided higher powers of the ratio of 
the greatest linear dimension of the magnet to the dis- 
tance of the point considered than the fourth can be neg- 
lected. It is to be observed, however, that if Ai< Ae the 
length of the ideal representative magnet will be imagi- 
nary.! 
i convergent series for the mutual potential energy of 


Series for two magnets M and M’' may be obtained from 
mutual po- the sextuple integral of (19). Let the origin 
tentialen- _ be a fixed point O in M, and let the co-ordinates 
ergy. of a fixed point O’ in M’ with reference to a 


set of axes fixed in O be & n, 6; further, let 2, y, z and 2’ 
y' 2' be the co-ordinates of any elements dv and dv’ in M and 
M’, the axes being in the former case the system already 
indicated, in the latter a parallel system through O’; then, 
if r denote (<2 + 7? + &)4, and cy, é2, ds’ stand for 


pie tk a 
di’ dn’ & 
Waee S df do! Air-} Be} Ob)(A' Bar} 0'6e( + su), 
eer I ie as 
where =F fa! 2%) 51-+-(y'— y) d2+-(2'—2) ds } a 


or 


» we have 


W=Wi-+W.+Wst+. . . . . + ~ © (48), 
where Wi, We, Ws3, are spherical harmonies in £, n, $ of de- 
grees —2, -3,—4, etc. 

If we neglect all the terms except those of the first order, 
which amounts to supposing M and M’ infinitely small, we 
get 

W=-KkK’ } Woe2+t...+(mn'+ m'n)dod3+. . ‘} =. 

If 4, 4, be the angles between the axes of M and M’ and 


the line from the centre of M to the centre of M’, and @2 
the angle between the axes, this reduces to 


8cosicosé2). . . . (49). 


From this formula we can derive at once by differentia- 
tion the force of translation and the couple 


Abe: about the centre of M’, which represent the ac- 
infinitely tion of M upon it. An elegant synthesis of 
smallmag- this action has been given for the most general 
nets. case by Tait.2 It will be sufficient to confine 


ourselves here to the case where the magnetic axes are in 
one plane. In this case 612— 61 — 62, and W becomes KK’ 
(sin@sinéz — 2cos@:cos2)/r3. Denoting by X, Y, L the forces 


of translation parallel to MM’ and perpendicular to MM’ 
(so as to decrease 6),) and the couple tending to decrease 4, 
we have 


ie = — aR (sin@isiné2 — 2cos@1cos6,) 
aw aw. SKK a 
= —= 6 6 50). 
ial dbs a in( + 62) (50) 
Pe aos =a —— (siné@1cos@z + 2coséisiné ) 
2 


One most Pate conclusion follows at once from 
these formule, viz., that the translatory forces 


Force of vary inversely as the fourth power of the dis- 
feneation “tance, whereas the directive couple varies only 

ouple « inversely as the third power. Hence the couple 
(dist)-3, may be quite sensible at distances for which 


the force of translation is inappreciably small. 
These conclusions apply of course equally to any pair of 
magnetized bodies, provided the distance between them be 
sufficiently great as compared with their linear dimensions. 
This, applied to the case of the earth, at once explains the 
phenomena that puzzled Norman and the earlier magnetic 
philosophers so greatly. The following particular cases are 
important (fig. 25) :— 


1 Oe in Pogg. Ann., p.149,1878; and Wied. Ann., p. 8, 1879. 
2 Quart. Jow'. Math., 160; and Quaternions, ? 414. 


235 
, 
(A) =0=0,X=-SKE’ yo, p=, 
iP 
(B) elt saat = RE yo, n=0: 
ae _t pe wt eK, 2 KK’ 
(©) a=0, o=2,x=0,y=3KK 1 — ss ; 
(D) 4 6=0, X=0,° vais L=KX’, 
= 5 r4 Tad 
The last two cases are especially important ; 
the position of the deflecting magnet in (C) is Deflecting 
described as “end on” (erster Hauptlage), in  moagnet 
(D) as “ broadside on” (zweiter Hauptlage); it BA a 
’ broad- 
will be noticed that the couple in the former side on.” 
case is double that in the latter. 
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Fie, 25, 


If the terms of the second and third order be taken into 
account, and the magnet n’s’ be deflected 
through an angle ¢ from its original position 
by a deflecting magnet (I.) originally end on - 
and (II.) originally broadside on, we get for 
the couples on and 


5 cose 2 ana ay ] broadside 
(51), 


IL. coss| + oi + TB aa VJ 


where Ti and T’; are odd me Mme of the relative position 
of Mand M’, but T, and T’2 are even. In the case where 
M and M’ are symmetrical about three orthogonal planes, 
O and O’ being the centres of symmetry, T; and T’; vanish, 
and the writer has obtained for the values of T, and T’2 


T,=~6{ K(BA/1-4A'2}A’s)-K’(2Ar-Az-As) } 


(52) 
T2=-$ { K(12A/1-114/2-A’s)-K/(3A1-4A2-+ As) } 
where Ai, A, etc., have the meanings above assigned in 
(45)8 

Sphere Magnetized in any Manner.—This is the 
most interesting of all the cases that fall 


Closer ap- 
roximation 
r deflecting 
couple end 


Gauss’s 

under the present section, both from its theory of 
terrestria 

being amenable to mathematical treatment | genctian. 


and on account of its historical interest. It 
was first discussed in the beautiful memoir entitled 
Allgemeine Theorie des Erdmagnetismus,* in which 
Gauss laid the foundation of the rational theory of 
terrestial magnetism. The following isa brief account 
of the theory, which has not been greatly added to 
since he left it. 

Let X, Y; Z be the components of the earth’s re- 
sultant magnetic force at any point on its surface, in 
the directions of geographical north, geographical west, 
and vertically upwards respectively. The force is com- 


8 Of. Riecke, I. ¢. 
4 Res. d. Mag. Vereins, 1838, 
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pletely known when these are given; since it depends 
on three elements only. If H, 6,¢ have the meanings 
formerly assigned (pp. 221, 222, 228), we have of course 
H=y/y X24 Y?, tand=Y/X, tant=Z// X?+Y?. 
Again, if V be the magnetic potential of the earth, 
1 the latitude, and 4 the Jongitude of any point on its 
surface, then, supposing the earth to be a sphere of 
radius a, we have 
ind Vi Lede 


ee Y Set Ore ee 
a CE ih 4 acosl dX ’ dr’ 


r denoting the distance of any point from the centre of 
the earth. When V is known, therefore, the force is 
completely determined. 

If now we suppose all the magnetized matter (or its 
equivalent—say, electric currents) to be within the 
earth, it follows, from the theory of spherical harmo- 
nics that we can write down a convergent series for its 
potential at all external points, when the potential at 
every point of its surface is given.! In fact, if the ex- 
pansion of this surface potential in terms of surface 

armonics be 
Sil. Rae tot 


we have for all external points 
: : : 
V=Si( ~)4 &/( a ) aad i ecm a .. GoF 
r r 


The number of terms of this series that must be re- 
tained in order to obtain a sufficiently accurate repre- 
sentation of the phenomena will of course depend on 
circumstances, and can only be ascertained by trial. 
Si, S,,. . . S; are functions of known form, containing 
respectively 3, 5... . 27-+1 constants; hence, if 
terms beyond the 2 order may be neglected, the ex- 
pression for V will contain 7? + 2/ arbitrary constants. 
These must be determined by observation, and then 
the magnetic action at all points on the surface or out- 
side the earth is known irrespective of the internal 
distribution of the magnetic causes. 
ae: Tf we look at the matter from the general 
cient to de- point of view that V is determined when 
termine the its surface value is known, we have the fol- 
earth's ™28- lowing propositions. 

I. V is determined when the vertical 
force is known at every point of the earth’s surface. 


(53), 


For, let the surface value of Z be expanded in a series of 
surface harmonics of which the ith is Zi; then, equating 
this to the ith harmonic in the surface value of Z=-dV, dr 
derived from (54), we have (i-+-1)8;=aZi, which determines 
S; Thus the proposition is proved. 


II. The surface value of V, and hence its general 
value for external points, is determined if the north- 
ward component of the magnetic force be known at 
every point of the earth’s surface. 

This follows at once from the fact that the difference of 
the values of V at any two places is the line integral of the 
magnetic force along any line joining them; thus if Vo be 
the value of V at the geographical north pole, we have 


yes if 'Xdl-+ Vo paca meee 7) 


2 


But the constant Vo does not affect the general value of V; 
hence the proposition is established. 


III. The same conclusion follows if the westward 
horizontal component be known all over the earth’s 
surface and the northward component along any one 
meridian. 


In fact, if V be the potential at any place whose latitude 
is ] and longitude }, then 


v=- if 'Xdl-a XY cosld\-+ Vo, 
T Xo 
2 
the first integration being performed along the given 
1 See Thomson and Tait, vol. i. chap. 1, App. A and B. 


2 The term So of course vanishes, since the sum of the positive 
and negative magnetism within the earth is zero. 
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meridian, the second along the parallel of latitude corre- 
sponding to the place. 


From I., II., and III. we have the remarkable con- 
clusion that, if the vertical component be given all 
over the earth, or the northward component, or the 
westward component and the northward along one 
parallel, then in each case the other two elements are 
determined. 


Gauss gives another interesting application of the line 
integral of magnetic force. If this integral be 


taken all round any closed curve or polygon, pppoe 
the result is zero. Let us express this for any yeanso 
geodesic triangle ABC, at whose vertices the the line in- 
horizontal force has the values Hi, He, H3. If tegral of 
es magnetic 
the inclinations of H to BC at B and C be force. 


2S »— 

a and a’, to CA at Cand A gand £’ to AB at A and B yand 
y', then, if the arcs BC, CA, AB be not too long, we may 
replace the component along BC at every point by the 
average of its values at B and C, and soon. We thus get 

4 BC (H2 cosa-+ Hz cos a’) + 4 CA (Hz coss ++ Hi cos B’) 
+4AB (Hicosy-+H2cosy’)=0. . ..... . (56), 

If we suppose the values of H at B and © to be known, 
and the values of the declination to be known at all three 
places, the above equation determines the value of H at A, 
Calculating in this way from observed values at Gottingen, 
Milan, and Paris, Gauss found for H at Paris 


0.51696, the observed value being 0.51804. External 
. and inter- 

Tt has been supposed hitherto that the nai ee 
magnetic causes are entirely internal to the of carts 
earth. The foregoing theory enables us to ""Etion. 


test how far this assumption is correct. 


If we suppose that there are external causes, then the 
potential at internal points due to these will be 


T+ DE +( 2) re m=) + ing te 


To, Ti, Te : Ti being the different harmonies in the 
surface value of the part of the potential due to external 
causes. Suppose now the whole vertical force deduced from 
observation for all parts of the earth’s surface, and ex- 
panded in a series of surface harmonics, the 74 of which is 
Za; then, since this is the sum of the ith harmonics in the 
parts due to internal and to external causes, we have 


= (6-4) 8:--déTi=a%a. 2 oe eee 
Further, suppose the surface value of V determined from - 
observations of horizontal force, and let the it» harmonie¢ 
in it be Vy, then we have 
G+T=Vi.. . eRe 
From equations (57) and (58) we can determine Si: 
and TT, and thus settle how much is due to external 
and how much to internal causes. It does not appear 
from observation that any sensible part of the mean 
value of V arises from causes external to the earth. 


We have seen already that the action of any body can be 
represented at external points by an ideal 


layer of positive and negative magnetism. oo 
Gauss finds for the surface density of the layer tion for a 
in the case of a spherical body like the earth, sphere. 


the expression (V/a—2Z)/47, which may be s 
deduced immediately from the formule already given. 


If we draw a series of equipotential surfaces corre- 


preg to small equidifferent valuesof V, Magnetic 
these will cut the earth’s surface in a series _ parallels 
of equipotential lines, which are called the to 


‘magnetic parallels.’? These lines obyi- : 
ously have the following properties. The horizontal 
force is everywhere perpendicular to them, and is at 
any point inversely proportional to the distance be- 
tween two consecutive lines there. So that, if these 
lines were drawn upon a terrestrial globe, the crowding 
would indicate increase of horizontal force. The lines 
of horizontal force, or ‘‘ magnetic meridians,”’ the tan- 
gent at every point of which is parallel to the horizon- 
tal component, are everywhere orthogey to the mag- 
netic parallels, and their positive direction is from 
parallels of greater potential to parallels of less poten- 
tial. If, as has been tacitly assumed hitherto in ac- 
cordance with the results of observation, the potential 
on the earth’s surface have but one maximum and one 


« 
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kind there may be, true and false, the whole number 
must be odd. This of course disposes of the notion 
formerly held by some physicists that the earth actu- 
ally had two north poles. As already indicated, Gauss 
concluded from his reduction of the magnetic obserya- 
tions at his disposal that, apart from purely local dis- 
turbances, the earth has, as a matter of fact, only one 
north and one south pole. 

The effect of a deposit of magnetic ore, or 
other cause of thekind, might ofcourse 5,44) ais. 
produce a disturbance, within alimited {(OVunbes 
area, of the equipotential lines. It ofmagnetic 
may assist the practical magnetist to  P&avlels- 
indicate the nature of this disturbance in a par- 
ticular case. Let us suppose that a magnet is 

laced some distance underground, vertical, with 
its north pole uppermost. Then, if its moment 
be sufficiently great, the equipotential lines will 
be as in fig. 27.4. The upper side of the figure is 
supposed to be magnetic north, and it is supposed 
that the undisturbed parallels would be straight 
the former, therefore, the north end of a freely sus-| lines running magnetic east and west, which is sufliciently 

ended needle will dip vertically downwards, ‘at the | near the truth in most cases. It should be observed that 
atter the south end will do the same. This is the | fig. 27 is in reality a transformation of figure 26, one 
simplest possible case fora magnetized sphere. Itiseasy | of the poles being projected to infinity. ‘The reader 
to see that, if we define a north pole! as a point on the | should notice that the double point I’, due south of 
earth’s surface at which the horizontal intensity van- | the point a vertically over the disturbing magnet, is a 
ishes, and the dip is 90°, there might be more than one | point of equilibrium at which the horizontal compo- 
such point. Consider the series of equipotential sur- | nents of the forces of the earth and the magnet de- 
faces 1, 2, 3, 4, 5, 6 in fig. 26,? each of which has two! stroy each other; it will be a false pole, south or north 

according as the magnet or the earth prevails. 
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minimum, then the parallels will be closed curves ex- 
panding successively from the maximum point and 
then closing again round the minimwn point, and the 
magnetic meridians will all run between these two 
points. It is clear that at each of these points the 
equipotential surface and the earth’s surface touch; at 
the minimum point the line of total resultant force will 
pass to the earth, at the maximum point from it; at 


FIG, 26, 


EXPERIMENTAL FOUNDATION FOR THE LAW OF 
THE INVERSE SQUARE. 


From what has already been laid down, it will 
be seen that the determination of the 


elementary law of magnetic action is a BS 
very complex problem. The action be- ~ tion as to 
tween two magnets depends, not only on ae 
their distance apart, but also on their ps 


relative angular position. Then we have 
to distinguish force of translation, which varies in- 


ee __ versely as the fourth power of the distance, and 
a a 


a —_— directive couple, which arises inversely as to the 
TT third power. It must also be remembered that the 


Fra. 27. 


eminences with a depression between them. The lines 
a, b, c, d, e, fare the sections of these by the earth’s 
surface. 1 just touches the surface in a; and, if the 
potential increase in the order in which the surfaces 
are numbered, a will be a north pole. The section by 
2is the single oval b. 3 touches the surface in c’, 
which is clearly another north pole, and also meets the 
surface in a single oval ¢ equipotential with c’. The 
section by 4 is the double oval d, d’. The 
depression on 5 touches the surface at F, 
and meets it in a figure-of-8, e, e’, on which F' is the 
double point. Fis therefore yet another north pole 
according to our definition; it differs, however, from 
an ordinary north pole in one important respect ; for 
the law that the north end of the compass points from 
parallel of greater to parallel of less potential shows at 
once that near F and snside the 8-shaped parallel the 
south end will point to F, whereas at a neighboring 
point outside the north end will point to F. Sucha 
point is called a false north pole, and we see that the 
existence of two true north poles necessitates the ex- 
istence of a false north pole; and in general it may be 
established® that, however many poles of the same 


False poles. 


1 Of course pole as thus defined has nothing to do with pole in 
any of the former senses, ¢.g., the line joining its N and S poles is 
not Nice to the earth’s magnetic axis. 

2 Gauss, l.c.,712. Of. Mascart and Joubert, Legons sur U’Blec- 
tricité et swr le Magnétisme, tom. i. ? 436, 1882, 

8 See Gauss, Al’. Theorie des Erdmagnetismus, 212; Maxwell, vol. 
i. 2.118, vol. ii. 2 468. 


elementary law results in part from an hypothesis 

as to the nature and distribution of the cause 
of the magnetic action, for, until some such hypo- 
| thesis is made, no clear conception is possible of 
what is to be understood by elementary action. Lastly, 
we have the disturbance which arises from magnetic 
induction, the consequence of which is that magneti- 
‘eally speaking two magnets are not the same at dif- 
ferent distances apart. When all these circumstances 
, are considered, it is not surprising to find considerable 
uncertainty and difference of opinion among the ear- 
lier magnetic philosophers. The truth is that the law 
/as now established owes quite as much to the develop- 
ment of magnetic theory as to the work of magnetic 
experimenters. 

he question attracted the notice of Huygens and 
Hooke, but Newton seems to have been 


one of the first who propounded any law  Puysens, 
on the subject. He says (Principia, lib. Newton, 


iii. prop. 6, cor. 5) that some rough ex- 

periments had led him to the conclusion that the mag- 
netic force (vis magnetica) decreases according to the 
law of the inverse cube of the distance. No account 
of the experiments is extant, and it does not appear 
what he means exactly by his vis magnetica. If the 
directive couple is meant, and the action of the entire 
magnet is intended, then, as we have seen, this is in 
agreement with modern theory. 1n a remarkable note 
in the annotated edition of the Principia by Le Sueur 
and Jacquier (assisted by Calandrini?) (1742) on 


4 Gauss, l.c., 2 13. 
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the passage in question, a series of deflection experi- 


LeSueur ments are described, and an accurate discus- 
and sion is given, from which results the law 
Juequier. Gf the inverse cube for the deflecting 
couple. Hawksbee! made experiments with a view to 

determine the law of magnetic action, in 
THawksbee 


which a deflecting magnet was moved at 
various distances round a compass, and 
the corresponding deflections noted. A few years later 
Brook Taylor? and the same experimenter made a 
series of observations in which the ‘‘ end on’’ method 
of deflection still in use was adopted. But in neither 
case was any definite result arrived at. A similar un- 
certainty appeared in the experiments of Whiston, 
Whiston who indicates the inverse 3th power of the 
* distance as the law of decrease. Musschen- 
broek’s experiments, which were extensive, also led to 
no final result. He used the method of Hooke, in 
which the attraction of a vertical bar mag- 
net upon another suspended from one arm 
of a delicate balance is balanced by weights 
attached to the other arm. From some of his experi- 
ments he deduces as low a power as the inverse Ist, 
from others the $th, and so on; but no attempt is 
made to analyze the phenomena. Michell, in his 
treatise on artificial magnets (1750), however, deduces 
the law of the inverse square from Musschenbroek’s 
results. Although A%pinus does not arrive at any 
definite result as to the elementary law, there can be 
no doubt that his Zentamen Theorie Hlectricitatis et 
Magnetismi (1759) contributed powerfully towards the 
solution of the question. Tobias Mayer 
seems to have been the first to publish the 
law of the inverse square as the actual re- 
sult of an experimental investigation. His paper was 
read before the Royal Society of Gottingen, and was 
referred to in the Gottinger Gelehrter Anzeiger for 
1760, but never fully published ; it is best known from 
the criticism of Atpinus, ‘‘ Examen Theoriz Magneti- 
ce a Tob. Mayero proposite’’ (Nov. Comm. Acad. 
Petrop., 1768). The most important of the earlier 
Sibert contributions was undoubtedly that of Lam- 
* bert. He seems to have been the first to 
analyze the physical circumstances of the problem in a 
thorough manner, and to point out the various ele- 
ments of disturbance to be provided for. We regret 
that we are unable to devote space to an exhaustive 
account of his memoirs,° which are most instructive 
reading even now. He showed that the effect of an 
oblique magnetic force on the needle varies as 
the sine of the inclination; and, making allowances 
for this, he deduced the law of the inverse square 
from deflection experiments made at different 
distances. He also described the method of oscil- 
lations, but found difficulties in its practical ap- 
plication. It is upon his theoretical work, however, 
rather than upon his experiments, that his claim to be 
remembered rests. About the same time as Lambert, 

we have Dalla Bella® and Robison,’ the 
Dalla Bella well-known professor of natural philosophy 
Rohigon, in the university of Edinburgh, working at 

the same subject. The former used the 
method of Hooke and Musschenbroek, but discussed 
more carefully the exact nature of the resultant action. 
His results indicated the law of the inverse square. 
Rob'son used both the method of deflection and the 
method of oscillation, the peculiarity in his apparatus 
being the movable magnet, which was composed of two 
magnetized spheres connected by a slender rod, and 
suspended either in the field of the earth alone, or at 
different distances from a large magnet. He made 
several independent investigations, and seems to have 


and Taylor. 


Musschen- 
broek. 


Tobias 
Mayer. 


1 Phil. Trans., 1712. 2 Phil. Trans., 1715 and 1721. 

3 Comp. Hansteen, Mag. a. Erde, p. 283, 1819. 

4 Fist. d.V Acad. Roy. d. Se. Berlin, 1766, 

5 An excellent one will be found in Hansteen, Magnetismus der 
Erde, pp. 295 sq. f 

6 Mém. d. Acad. Real d. Se. d. Lisboa. 

7 See Ency. Brit., supplement to 3d ed., 1801, 
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arrived in each case at the law of the inverse square as 
his final result. 

The researches-of Coulomb,® from which many date 
the commencement of the modern theory, 

resent many features of great interest. 

e used the improved form of Michell’s torsion bal- 
ance, which had served him so well in his electrical ex- 
periments. In order to realize as nearly as possible the 
ideal case of a linear solenoid, whose action can be repre- 
sented by positive and negative magnetism concentrated 
at its ends, he worked with magnets made of thin 
steel wire magnetized longitudinally. The circum- 
stances of the experiment are thus considerably simpli- 
fied, for the acting magnet may be so arranged that 
the action of one of the poles may be neglected, or, 
failing that, the action of both can be easily calculated. 


Coulomb. 


In one of his experiments he took a magnetized steel 
wire 25 inches long, and 14 lines thick, and placed it verti- 
cally in the magnetic meridian before a horizontal magnetic 
needle §0me 3 inches long, delicately suspended by a silk 
fibre. ‘The rod was raised and lowered at a given distance 
from the needle until the attraction on the near pole of the 
needle, as tested by the rapidity of the vibrations, was a 
maximum; it was then found that the lower end of the bar 
was about 1 inch below the needle. Again, the rod being 
placed horizontal and: perpendicular to the magneti¢ meri- 
dian on a level with the needle, it was displaced until the 
needle returned to the magnetic meridian; it was then 
found that the needle was directed to a point about 1 inch 
from the end of the bar. Both these experiments thus 
indicate that the magnetism at one end may be supposed 
concentrated at a point about an inch from the end of the 
bar. It is clear that, in these experiments, provided the 
rod is sufficiently long or the distance between it and 
the needle not too great, the action of the distant pole may 
be neglected, for the double reason that the pole is more 
distant and that the force exerted by it is nearly perpen- 
dicular to the direction in which it can be effective. Mak- 
ing this assumption, Coulomb observed the number of yi- 
brations, when the vertical rod was absent, and when it 
was placed at various distances. 


The forces thence deduced were found to vary 
very nearly as the inverse square of the distance. 
Statical experiments with the torsion balance led to a 
like result. 

Later than Coulomb we have the experiments of 


Bidone,® Hansteen,'’® Steinhauser,"’ and 
Scoresby. By far the most important Later re- 
f : searches, 
among these is Hansteen, whose methods  fansteen, 

were a great step towards the more com- 
lete treatment finally adopted by Gauss. He uses 


Taylor's ‘‘endon’’ method of deflection, and also the 
method of Hooke and Musschenbroek. The acting 
magnet was a bar magnet, the action of which he 
represents by a distribution of positive and negative 
magnetism on its two halves whose density at a distance 
x from the centre is 2x”. The force at distance D due 
to an element du of positive magnetism he assumes to 
be du/D". He finds that in all his experiments the 
value n = 2 best represents the results obtained; but 
that various values of 7» may be adopted with almost 
equal advantage; he inclines, however, to the value 
r= 2, 

In his classical memoir on the absolute measurement 
of the earth’s magnetic force, Gauss took up the ques- 
tion in the most general manner yet at- 
tempted. Assuming that the force due to 
an element of positive magnetism varies as the inverse 
nth power of the distance, he showed that,when the dis- 
tance between the magnets is sufficiently great com- 

ared with the greatest linear dimensions of either 
more than four times as great in his own experiments), 
the deflections ¢ and 9 for the ‘Send on”’ and ‘‘ broad- 
side on ”’ positions of the deflecting magnet are given by 
tang = Lyr-("+1) + Lgr-("+2) + ete., 
tang! = Ly'r-("+1) tgs’) + ete. ; 
8 Mém. del’ Inst., 1785, 1788. 
® Gren’'s Journal, 1811; Gilb. Ann., 1820, 
10 Magnetismus der Erde, 1819. 


1 De Magnettsmo Tellwris, 1806-10, 
12 Jamieson’s New Edinburgh Journal, 1881. 


Gauss. 


- tive or absolute. 
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where I,/L’1:=n. He made a series of deflection ex- 
periments, and found that his results could be repre- 
sented with sufficient accuracy by the formulze ' 
tand =0.086870r—* — 0,002185r— , 
tang’ = 0.043435r— +- 0.002449r— , 
The following table shows the closeness of the agree- 
ment between theory and experiment (7 is measured in 
metres; © and % denote observed and ¢ and 9” caleu- 


- lated values) :— 


r © o> o’ 6-4! 
“ “ 
11 1 97 24.8 + 38 
12 nS Vogt is 1 29° 40.5 ~ 6.0 
13 2 13 61.2 + 68 1 10 19.3 + 6.0 
14 147 28.6 a5 0 55 58.9 + 0.2 
15 127 19.1 = +916 0 45 14.3 = 6.6 
16 112 7.6 - 33 0 37 12.2 - 32 
17 10 9.9 - 50 0 30 57.9 Ait 
1:8 0 50 52.5 + 42 0 25 59.5 - 34 
1.9 0 43 21:8 + 78 022 9.2 + 2.6 
2.0 0 387 16.2 + 10.6 019 1.6 + 5.9 
21 032 46 + 0.9 0 16 24.7 +49 
25 0 18 51.9 - 10.2 0 9 36.1 - 25 
3.0 01 0.7 avai 0 5 38.7 - 0.2 
3.5 0 656.9 Se 0 328.9 Bard 
4.0 0 435.9 - 87 0 222.2 +17 


We have here a double proof of the law of the in- 
yerse square,—first, in the fact that tang and tand’ can 
be expressed so accurately by two terms of a 
series, the first of which contains 7-*; second, in 
the fact that the coefficient of the first term in 
tan¢ is exactly double that in tand’. These re- 
searches of Gauss are remarkable, not only for 
the great generality of the theory, but also 
for the novelty of the experimental method, and 
the exceeding accuracy and refinement of the 
observations. The law of the inverse square 
has in fact been regarded as settled ever since 
they were made. They are important from 
another point of view, to which we shall return 
presently. 


Maa@netic MEASUREMENTS, RELATIVE AND 
ABSOLUTE. 


The most important magnetic determinations 
that have to be made are the direction of the axis 
of a magnet relatively to its mass, the magnetic 
moment of a magnet, the direction 


Chief Fabte 
magnetic of a magnetic field, and the strength 
mee’ ~=—oof a magnetic field, or its component 


in any given direction. In most of 
these cases the measurement may be either rela- 
For example, we may deter- 
mine the moment of a magnet either relatively, in 
terms of the moment of some other magnet arbi- 
trarily chosen, or absolutely, in terms of the fun- 
damental units of space, mass, and time. The 
complete theory of measurements of the latter 
kind is due to Gauss, and the carrying of them 
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be guessed to begin with; this arrangement is used 
with dipping needles and also for horizontal needles 
when no great accuracy is required. Tor declination 
needles two contrivances of greater refinement are 
used, 

1. A mirror is rigidly attached to the magnet, so 
that the normal to its surface is nearly parallel to the 
magnetic axis. The image of a fixed hori- 
zontal scale in this mirror is observed by 
means of a fixed telescope, and the angular 
motion of the magnet deduced from the motion of the 
scale divisions over the wires of the telescope, ‘his 
is called the mirror method.’ 

2. A more compact arrangement is to attach to the 
magnet a small photographie scale and a lens, the 
former being placed at the principal focus of 
the latter, so that the line joining the mid- 
dle division of the scale to the optical centre 
of the lens is nearly parallel to the axis of the magnet. 
The scale is viewed through the lens by means of a 
fixed telescope, and it is clear that the line just men- 
tioned gives us a fixed direction in the magnet, and 
that the motion of the magnet can be followed by 
observing the apparent motion of the scale across the 
wires of the telescope. his may be called the colli- 
mator method.,® 


Mirror 
method, 


Collimator 
magnet, 


The apparatus usually employed inthe United Kingdom 


into practice to him-in conjunction with Weber 


and the Magnetischer Verein, of which these two 
German philosophers were the leading spirits. 
Weshall discuss the matter here only in so far as 
it concerns the work of a physical laboratory, the 
rest belonging more properly to the subject of 


Terrestrial Magnetism (see MrrroroLoay). 


Axial Direction and Magnetic Declination.— 
The magnet is suspended, usually by means of one or 
more fibres of unspun silk, so as to be free to 


Inination move about a vertical axis. We shall 
of mag- suppose, for simplicity, that the magnetic 
netic axis is in a horizontal plane. If this is not 
axis, and 5 > mee ‘5 ‘ 

of the so, instead of determining the axial direc- 
pgactic tion, we determine a vertical oe through 
ton. it. In order to obtain a fixed line of refer- 


_ ence in the magnet, two marks may be 
made on it as nearly in the direction of the axis as can 


1 Intensitas Vis Magneticx, etc., 7 21, 1833. 


Fic, 28,—Unifilar Magnetometer, arranged to indicate declination, 


for observing the magnetic declination,‘ and also for other 


2 The mirror method was first suggested by Poggendorff (Pogg, 
Am, vii., 1826), It was carried out in practice x4 Gauss, 

2 There seems to be some doubt to whom the collimator method 
is due. Airy, Lloyd, Lamont, and Weber, all did something for 
it. See Lamont, Handb, d, Magnetismus, r 14, 

4 Want of space compels us to omit all but the leading points, 
Readers in search of full practical details must be referred to The 
Admiralty Manual of Setentifle Enquiry, pp, 84 aq. ; Maxwell, Llectrt- 
city and Magnetism, 7% 449 2q.; Lamont, Handbuch der Magnetlismus, 
and Erd-Magnetismur, where references to all the authorities u 
to his time will be found. They should also study the classica 
memoirs of Gauss to be found in the fifth yoluune of his collected, 
works, 
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absolute magnetic measurements, is the portable unifilar 
magnetometer, the upper part of which is 


weeps shown in figs. 28, 29. The lower part consists sim- 
meter. ply of a tripod stand supporting three V-shaped 


groves into which the points of the levelling 
screws attached to the fixed limb of the instrument are set. 
In making an observation of the declination the instru- 
ment is arranged as in fig. 28. The declination collimator 
magnet is suspended in the box A (the sides of which are 
removed to allow the interior to be seen) by means of the 
suspension fibre D, attached to the torsion head PH. The 
scale of the magnet is observed through the small telescope 
QBG. The first step is to remove the torsion as far as pos- 
sible from the suspension fibre by hanging to it a brass 
plummet E of the same weight as the declination magnet, 
After this weight has come to rest, it is replaced by the de- 
clination magnet, so that the latter shall rest as nearly as 
possible in the magnetic meridian without introducing tor- 
sion of the fibre. The movable limb is now turned till 
some division of the magnet scale is on the cross wires of 
the telescope. It is then clamped. The magnet is now in- 
verted, and the number of the scale division on the wires 
again read. The mean of these readings gives the point of 
the scale the line from which to the centre of the collimat- 
ing lens is parallel to the axis of the magnet. This point 
of the scale (axial point) will remain the same so long as 
the magnetism of the magnet does not alter, or the adjust- 
ment of the scale and collimating lens is not interfered 


with, The tangent screw is now worked until the cross 
wires of the telescope are on the axial point of the scale. 
The verniers of the limb are then read. The 
next step is to observe the azimuth of the sun 


or of some other heavenly body, by means of which we can 
refer the azimuth of the magnetic meridian to the true 
north. For this purpose the instrument is provided with a 
small transit mirror NO, which has a motion in altitude so 
as to bring any object into the field of the telescope. To 
use it, the limb is unclamped, and it and the mirror mbyved 
until the sun or star comes into the field of the telescope; 
the limb is then clamped and the time noted at which the 
heavenly body passes the intersection of the cross wires. 
The verniers are again read. ‘The differences of the read- 
ings, added to the azimuth of the heavenly body found by 
means of the time from the Nautical Almanac, gives the de- 
clination at the time and place of observation, 

There are several causes of error to be guarded against. 
(1) Torsion is reduced within as small limits as possible to 
begin with, and if there is reason to suspect any residual 
error we may test the apparatus by turning the torsion head 
of the suspension tube first 90° one way and then 90° the 
other. If the deflection of the magnet is exactly the same 
and oppositely directed in the two cases, then we may con- 
clude that the torsion is zero in the azimuth of equilibrium. 
If not, then we may turn the torsion head so as to reduce 
the error still further; or we may calculate its amount (as- 
suming torsion to be proportional to twist) from the two 
observations, and allow for it. (2) If the axis of the mag- 
net is not very nearly parallel to the line of collimation of 
the telescope to begin with, and consequently the two scale 
readings far apart, an error may arise! from the vertical 
axis of suspension not being exactly reversed by the inver- 
sion, This error is reduced by repeating the observation, 
after adjusting the axis of the magnet and telescope ‘so as 
to be more nearly parallel. (3) If mean declination for a 
given day be desired, correction must be made for the 
diurnal variation, and under certain circumstances this 
variation may even produce disturbances in the course of a 
single observation, 


Magnetic Moment, Horizontal Intensity of the Earth’ s 


Magnetic 
moment 
and hori- 
zontal in- 
tensity. 


the magnetic moment K of a given magnet, 
or of the horizontal intensity H of the 
earth’s force, are desired, there are two 
methods of obtaining them. The first is 
the method of vibrations. Having found the moment 
of inertia A of the magnet M about its vertical axis of 
suspension, and the time T of its vibration under the 
earth’s force, we obtain the product KH,=p, say. 
Secondly, by the method of deflection, of which two 
varieties, tangent deflection and sine deflection, are in 
use, the value of the quotient K /H,=g, say, is found. 
In this method K is used as the deflecting magnet, and 
the moment K’ of the deflected magnet does not ap- 
pear in the result.? Is is obvious that, if we know the 
value of H, or may assume it constant, either of these 


1 See Swan, Trans. Roy. Soc. Edin., vol. xxi., 1855, 
2 This important fact was first noticed by Lambert, 


Jorce.—If merely relative measurements of 
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methods will enable us to express the moment of any 
magnet in terms of that of another arbitrarily chosen 
as a unit; and, reciprocally, if we operate with a 
magnet of known or of constant moment, we can de- 
termine the values of H at different times and places in 
terms of its value at an arbitrarily chosen time and place. . 

By combining two observations, in one of which a 
magnet K is the vibrating and in the other the deflect- 
ing magnet, we can obtain both K and H in absolute 
measure, for we have two equations KH =p, and 
K/H =g, which give 

K=y py and H=/yp/q. 

Vibration Experiments.—If 6 be the angle between the 

axis of the magnet and H at time f, y the angle 


between the axis and H in the position of no Leet 
torsion, 7KH the coefficient of torsion, then meter ; 
the equation of motion of the magnet, when vibration 
the are of oscillation is very small, may be Geats, 
written pte 
Aé+KHe+7KH(e-y)=0 .. . (69). 
This gives for the period of a complete vibration 

T? = 477A /KH (1-4 7) (60). 


The observations are made with the magnetometer ar- 
ranged as for the declination experiment. The swinging 
magnet is brought to rest, and the circle so clamped that 
the axial point of the magnet scale is on the cross wire 
of the telescope; the magnet is then slightly disturbed 
so as to oscillate through a small are (16’ or so). The time 
of vibration is found first roughly, by taking the time of 
a single vibration, then more accurately by counting a 
large number of vibrations and timing the end of the last 
as accurately as possible. 7 is found by observing the de- 
flection 6’ and 0’ caused by turning the torsion head 
through an angle 8 in one direction and then through an an- 
gle in the opposite direction ; we thus get from equation (59) 

KH 5 TKH (6' -y-@)=0, 

KH¢ +-rKH (6” -y+)=0; 
and r =(# —0@)/(28—6-+-6”). From the same equation 
we may also determine y when necessary. 

The most troublesome part of the whole process still re- 
mains, viz., the determination of A. This is effected by 
attaching to the magnet a body whose moment of inertia 
B can be calculated from its dimensions. For this pur- 
pose Gauss fixed a cross bar of wood to the magnet, and at-- 
tached to it at known equal distances from the axis of sus- 
pension two cylindrical weights of known mass and 
dimension. Sometimes a cylinder of gun metal is slung 
below the magnet by means of two loops. Perhaps the 
best method is to use aring of gun metal attached to the 
magnet so that its plane is horizontal and its centre as 
nearly as possible in the line of suspension. The new time 
of vibration being Ti, and the new coeflicient of torsion (if 
different) 7’, we have the new equation 


"Ty = 4s2(A + B)/KH(1+ 7) 
From this and (60) we get 


aap /(E,.M 1). 


There are several corrections, which, although in general 
negligible, may sometimes require to be considered. (1) H 
may vary so much during the experiment as to cause a 
sensible error; (2) if the arc of vibration be too large, it 
may be necessary to apply the reduction to infinitely small 
arcs; (3) if the amplitude of the vibrations decrease too 
rapidly, account must be taken of the resistance to the 
motion arising from the viscosity of the air, ete.;3 (4) a 
correction has to be made for the alteration of the moment 
of the magnet by the earth’s induction,* and (5) a tempe- 
rature correction for the magnetic moment and the mo- 
ment of inertia. 

Deflection Experiments—In Gauss’s arrange- 


ment the deflecting magnet was placed in an Bi ee 
east-west direction, i.e., end on to the original ment with 
position of the deflected magnet. The equa- unitilar 
tion of equilibrium in this case is [see equa- san 


tion (51)] ‘ 
K’/H(1-+ r) sin a=cose( =e TT, : -) 


or 
. (61), 


H(1 ++ T) Sa, PAG 
peas alu, @=1--1 Atal haes 
r aK tan 1 73 + a 
where Pi} =1)/2K’K, P2=T,/2K’K, ete. 


8 In this connection see more especially Lamont, Handb. d. 
Magnetismus, pp 282 sq. uf 
1 8ee Lamont, Handb., p. 871; Maxwell, vol. iii. 2 457. 
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In the method of sines the deflecting magnet is turned 
until it is perpendicular to the axis of the deflected mag- 
net in its final position of equilibrium; the equation of 
equilibrium in this case is 


The advantage of the method of tangents is that the 


Fic, 29,—Unifilar Magnetometer, arranged to show 
. 


ted cross bar D, which is so set in its sockets as to be per- 
pendicular to the line of collimation of the telescope A. 
The box is opened, and the torsion removed from the sus- 
pending fibre by means of a plummet as already explained. 
The deflected magnet is then suspended so as to be at the 
same height as the deflecting magnet when the latter is 
placed in its carriage on the cross bar. The sides of the 
box are now closed, and the circle of the instrument turned 
until the middle division of the scale B, seen by reflection 
from a mirror attached to the deflected magnet, is on the 
cross wires of the telescope A; the circle is then clamped, 
and the verniers read. The deflecting magnet K (the same 
as that used in the vibration experiments) is next placed in 
its carriage L on the cross bar at a distance 7; (30 em. or so) 
east ; the circle is then turned until the middle division of 
the scale is again on the cross wires; the verniers are read 


once more. ‘The difference between the two readings being 
61, we bave . 
rT sin 44 Pi , Pe 
=1—+-+... . (68). 
OK ar (63) 


The deflecting magnet is reversed in its carriage, and the 
whole operation repeated, If the deflection now be 6», irre- 
spective of sign, then 


rH _: Pi | Pe 
- + Oy — — . . . 
a in = 1+ 7 TH + (64) 
The mean of these gives 
rpH ,.. ; P2 
ee 6 6.) = : 65). 
4K (sin 61 +- sin 62) =1 Tat (65) 


The magnet is finally removed to a distance 7 west, and 
the previous observations repeated; we thus get 


rye ;.: : Pe ; 
m'** (sin 6 a=H=1t-t . ; 
ai (sin 3 +- sin 64) 1 - (66) 


The mean of (65) and (66) is then taken, and we get 
a Po 
S=1+=. ieee tC. rey 


where Si =} (sin 0:-++-sin 02 -+-sin 03 -+-sin 04), or, what is 
practically the same, the sine of the mean of 64, 2, 95, and 
%. The object in taking the mean of (65) and (66) is to 
eliminate any error arising from the non-coincidence of the 
middle point of the cross bar with the axis of suspension. 

Tn order to eliminate P», another set of observations are 
made with a new distance 72 (26cm. or so), giving the 
equation 

Vou. XV.—08 
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moment of the deflector is not affected inductively by the 
earth’s force. In the method of sines a correction has on 
this account to be made; but, on the other hand, there is 
no torsion, and, from the symmetry of the position of the 
two magnets, the approximate formule have a more 
exact application, 

The new pattern of the unifilar magnetometer is adapted 
for the method of sines. The instrument arranged as in 
fig. 29 is first carefully levelled, and fitted with the gradua- 


ro P2 ; 
8.1 -+- - ah hiete ‘ 
2K +r re? vee) 


From (67) and (68) we have finally 
K __ 71581 - 12°Se , 

Ho (n= nf) 

—_ ry2r2?(728Se — 171381) 


rPS1 — 72°Sz 

When great accuracy is required, several corrections 
have to be applied :—(1) the moment of the deflector must 
be corrected for induction ; (2) the moment of the deflector 
must be corrected for temperature; (3) the lengths and 
rz on the cross bar must be corrected for temperature. 


Statical Method.—There is another method by 
which we may determine the product KH, Statical 
viz., We may oppose a statical couple to instru- 
the couple exerted by the earth on the ments. 
magnet in a given position, so that there may be equili- 
brium; the statical couple, which may arise from 
the torsion of a fibre, from a bifilar suspension, or 
other gravitational force, thus becomes the measure of 
the magnetic couple; and hence KH can be deter- 
mined in absolute measure. Coulomb’s torsion balance 
experiments are an example of this method. It finds 
numerous applications in the variation instruments of 
fixed magnetical observatories and also in instruments 
for magnetic observations at sea, but it is very little 
used in the ordinary work of a physical laboratory. 

Magnetic Measurement of Hlectromagnetic Induc- 
tion.—It has been explained in the article 


Py . . Mea e- 
Kxcrricrry that, if, either owing to the — ments by 
variation of the magnetic field, or owing to electro- 
he motion of a closed li ductor in ,maagneric 
the motion of a closed linear conductor in jpavetion, 


it, the number of" lines of magnetic force N 

passing in the positive direction through the conduc- 
tor vary, this variation will cause an electromotive 
force-dN/dt in the positive direction round the cir- 
cuit. Let us suppose, to take a simple case, that we 
have a coil of wire made up of a number of parallel 
plane circular windings, and that the sum of all the 
areas of the separate windings is A. If we place this 
in a field of uniform intensity R, so that the normal 
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to the windings makes an angle « with R, the number 
of lines of force passing through the coil will be 
N,=AReoso, If we now suddenly reverse the coil, 
by turning it through 180° about an axis perpendicular 
to its normal, the yalue of N in the new position is N, 
=-~ARcose, Hence the integral electromotive force 
during the motion is—/dtdN /dt = Ng-N,=-2 AR cose, 
and the whole quantity Q of electricity which passes will 
be () =—2ARcose/S, where § is the resistance of the 
coil, If Q be found in absolute measure,' and A and 
S beknown, we thus obtain the value of Reosé, Thisis 

the principle of Weber’s “ earth inductor ’’? 


bh ngs by means of which the horizontal and verti- 
ductor, cal components of the earth’s force can 


be measured, and in consequence the de- 

clination and inclination determined, 
If the test coil be made very small, so that the por- 
tion of the field which it oceupies may be 


Verdet's ts ’ 
exploring supposed uniform, this method may be ap- 
cou, plied to measure the intensity at different 


parts of a non-uniform field.* The small coil is placed 
with its windings perpendicular to the lines of force, 
and then suddenly reversed, or, if that be impossible, 
suddenly removed to a part of the field where the 
number of lines of force passing through it is zero. 
The integral electromotive force is of course in the 
latter case only half what it is in the former. This 
method is often of use where, owing to the great 
strength of the field and the consequent disturbances 
arising from induction, any other method would be 
utterly useless. 
‘he method of electromagnetic induction may also 
be applied to measure the component of the 
magnetic moment of any Eade parallel to 
a given line, 


Magnetic 
moment 
deter- 


mined by 
electror Let aa'bb' (fig. 80) be the section of a euni- 
MALNeLG form cylindrical coil of length 2/, made up of a 


induction, single layer of flat circular windings of radius 


6b, to the centimetre, Let the axis of the coil be taken 
for w-axis,and let K be any magnet within the coil, 


Fie. 80, 


placed with the given line parallel to the axis of the coil. 
Let pq be any single winding of the coil, then the surface 
integral of the magnetic induction for pq is giyen by 
Sfadydz ; henee the whole number of lines of force through 


the coil is given by 
N= ff ndeff adydz,* 


=n /) lf adadydz, 


the integration being extended all over the cylindrical space 
abb'a', Now, since @=a~-4rA=— dV /da --4rA, we get 


1 See arta, Ennornrrry and GALVANOMETER, 
2 Pong, Ann, XC,, 1858, ' 
8 (Y, Verdet, Ann, a. Chim, et d. Phys,, xli., 1854. 
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N=-n(((™ dedyde + 4 dndyd: 
=-nf{ dy, Ce 7m | | Adadyda, 


=n // Vdyde-/f V'dydz) + 4mnK, 

=-+ 4rnK -n(S-S’) 
where K is the component parallel to the axis of the coil of 
the moment of the magnet, and S and S’ the values of the 
surface integral of the potential of the magnet (derived 
from Poisson’s distribution) over the two ends of the coil. 
When there are more layers than one, we must of course 
sum the different parts of N arising from the different 
layers. 


(69), 


The formulee are quite general, and some applica- 
tions will be given later. Meantime we see that, if the 
coil be so long that the magnetic potential of the body 
at its two ends may be neglected, then the integral 
electromotive force caused by the sudden removal of 
the body, or by the sudden destruction of its magne- 
tism, is 47 times the component of the magnetic mo- 
ment parallel to the axis of the coil, n being the num- 
ber of windings per unit of length of the coil. 

Historical Remarks on the Progress of Magnetic 
Measurements.—The method of vibrations 


came very early into use in magnetic meas- Pazly vibra: 
urements. Whiston and Graham made vi- vations. 


bration observations with a dipping needle. 
Musschenbroek and Mallet also used a horizontal nee- 
dle. Lambert appears, however, to have been the first 
to thoroughly understand and appreciate the method. 
For long it was the only accurate process in use for 
obtaining relative measures of the earth’s force. It 
was so used by Rossel, D’ Hntrecasteaux, and Humboldt. 
Coulomb, Hansteen, and Poisson, all contributed more 
or less to its improvement; and it finally reached per- 
fection in the hands of Gauss,‘ who gave the experi- 
mental process for obtaining the moment of inertia, 
investigated the correction for resistance, and, by the 
introduction of the mirror and scale method, imparted 
astronomical accuracy to the determination of the period 
of vibration. 

The method of deflection, in one form or another, is 
very old. Its existence as a thoroughly scientific 
method, however, dates from Hansteen. ‘The essential 
improvement of eliminating the constants depending 
on the magnetic distribution by observations at differ- 
ent distances is due to Gauss. ‘The advantages of the 
fee method were first pointed out by Lamont in 
1841. 

Poisson seems to have been the first to conceive the 
idea of absolute magnetic measurement. In ‘ean 
a short but luminous article at the end of a pa 
the Connaissance des Temps for 1828, he solute mag- 
describes a method for obtaining the value farts eh 
of H in absolute measure. orizontal } 
vibration experiments are to be made with two mag- 
nets A and A’, whose moments of inertia A and A’ are 
known. The times of vibration ¢ and ¢ of A and A’, 
each suspended alone, are to be observed. Then both 
are to be placed in the magnetic meridian at a distance 
r hele in the same horizontal line, and the periods 6 
and 0’ observed, of A when A/ is fixed, and of A’ 
when A is fixed. If x be very great compared with 
the linear dimensions of A and A’, then 

Fo __8700'V AA 
ritt! V (2 — 02) (1/2 — 6/2) 
He recommends, however, that comparatively small 
values of 7 be taken, and the constants of distribution 
eliminated by experimenting at different distances. 
His fundamental units are the gramme, metre and 
second. 

Nothing came of Poisson’s proposal until Gauss 
took up the subject, both theoretically and experi- 
mentally, as above described. The first absolute mea- 
sure of the earth’s horizontal force was made by him 
at Gottingen on the 18th September, 1832; the value 

4See his memoir, “ Anleitung zur Bestimmung der Schwing- 


ungsdauer einer Magnetnadel,” in Res. d. Mag. Ver., 1837. 
6 Handd. d Magnetismus, p. 309. 
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found was 1.782' in millimetre milligramme second | magnets are within a moderate distance of each other, 


units. 
weighing about 1tb) had for its moment 100877000? in 
the same units. 

The determination of the distribution of magnetism 
within a body, in other words, the determi- 
nation of the magnetic moments of its indi- 
vidual elements, by observations of mag- 
netic force at external points, is, as we have 
seen, an indeterminate problem. Never- 
theless, a considerable part of the literature of magnetic 


Determina- 
tion of mag- 
netie distri- 


‘science relates to it; and we must give some account 


of what has been done, although the results obtained 
are of comparatively slight physical interest, and of 
small practical value, 

Kixperimenters have been somewhat slow in recog- 
nizing the essential indeterminateness of the 


“Free mag~ : : , 

ot problem. This no doubt has arisen from 
different their tahoe analysis of the phenomena. 
oot Thus, although we cannot determine the 


actual internal distribution, yet the prob- 
lem to determine the Gaussian surface distribution 
which will represent the magnetic action at all exter- 
nal points, however difficult, is quite determinate. 
This surface distribution has been called by some the 


. “free magnetism’’ of the body; and some, all the 


powerful contrary evidence notwithstanding, have im- 
agined that this distribution has a physical existence, 
and have even spoken of the devil to which the free 
magnetism penetrates into the magnet. Others have 
confounded the free magnetism of Gauss’s distribution 
with that of Poisson’s; and in many cases it is impos- 
sible to gather what the experimenter meant to indi- 
cate exactly by the phrase. 

The case in which, from the circumstances, the 
variation of the internal distribution is confined within 
the narrowest limits is that of bar magnets, whose 
length considerably exceeds their lateral dimensions ; 
and this is practically the only case that has been much 
studied. The most natural way of attempting to re- 
present the action of such a magnet would be to sup- 
pose it replaceable by a fixed ideal magnet, and then 
to determine by experiment the strength and position 
of the poles of this magnet. The earliest: notion was 
that the poles were situated exactly at the ends of the 
bar. It was soon found, however, that, if the poles 
did exist, they were not in general exactly at the ends. 
Lambert and Kupfer’ concluded from their experi- 
ments that in many cases the poles lay outside the bar, 
while in weak magnets they lay inside. Coulomb, as 
we have seen, and also Dalla Bella, inferred from their 
results that: the poles fell within. Recent experiments 
have been made by Pouillet,* by Benoit,® tr Petru- 
scheffsky,° and by others on the same subject; but it 
is needless to describe them here. 


_ The word “pole,” like the phrase “ free magnet- 
“Poles,” ism,’’ has been used by different writers in 
different very different senses. Some have applied 
meanings that name to the mass centres of the posi- 
oF tive and negative magnetism of the actual 
molecules. But, although as a matter of convenience 


we have used these points in our theoretical develop- 
ment, they have, as far as physical observations are 
concerned, no existence, tiers have defined the 
poles to be the mass centres of the positive and nepa- 
tive parts of Gauss’s surface distribution, ‘These might 
of course be determined, although the process would 
be extremely troublesome, and the result of no prac- 
tical value whatever. In point of fact, if the magnet 
be in a uniform field, 7.¢., at a very great distance from 
the system that acts on it, the action depends solely 
on the magnetic moment, and the magnetic distribution 
has nothing to do with it; the poles in this case are 
physically indeterminate. If, on the other hand, two 
1 17821, 0.4, 8. 


2 10087.7, C. GS. 
{Bee fesent, Tandb, d. Magnetismus, PY 294 aq. 


A i Comptes Rond,, 1875. 
© Pogg, Ann, clil,, 1874, and clx., 1877, 


The magnet he used (about a foot long and | 


we may set to ourselves the problem to find two points 
in each of them such that the mutual action will be 
represented by quantities of positive and negative mag- 
netism concentrated there. Then, in general, such 
points may or may not exist. Riecke has shown (see 
above, p. 234) that, if the distance between the mag- 
nets exceed a certain limit, then, as a matter of ap- 
proximation, these equivalent poles, as he calls them, 
do exist. Except, however, in the case of magnets 
symmetrical about an axis, and also about an equatorial 
plane, they are not fixed in the magnets, but depend 
upon their relative position. Although his results are 
extremely interesting from a mathematical and theo- 
retical pointof view, we do not see that much practical 
advantage would attend the use of these equivalent 
poles; and we are inclined to think that, except in the 
vopular usage for distinguishing one end of a magnet 
ee the other, and in the case of ideal magnets, the 
word pole had better be abandoned altogether. 

The idea of representing the action of a linear mag- 
net by a continuous distribution of free 
magnetism, positive in one half and nega 
tive in the other, is very old. It appears in 
Bazin’s work on the magnetic curves pub 
lished in 1753; and Tobias Mayer, in his memoir above 
quoted, assumes that the density of the distribution is 
yroportional to the distance from the middle of the bar, 
Nour distinct methods have been used in attempting to 
determine the law of distribution. 

1. The deflections of a small needle in different posi- 
tions near the magnet haye been observed, nuit by 
means of these the constants in some formuleo assumed 
for the distribution have been caleulated. This was 
the process adopted by Lambert and Hangteen, and, 
in some of his experiments, by Lamont." 

2, Instead of measuring deflection, we may count the 
oscillations of the needle, and proceed as before. ‘his 
method was used by Coulomb, Beequerel, and Kupfer. 
but it led to no satisfactory results, partly owing to the 
disturbances arising from induetion and the force of 
translation upon the needle, partly owing to the diffi- 
culty of putting a satisfactory theoretical interpretation 
upon the results. 

8. Some observers have measured the force required 
to detach a small armature of soft iron or 
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steel from different parts of the bar, think- — Pilferent 
ing thereby to obtain a direct measure of — employed. 


the free magnetism. It is not very easy to 
say what is measured by this process, but it is obvious, 


‘on a little consideration, that the effect is complex, 


depending greatly on the nature and extent of the sur- 
faces in contact, and also upon the mutual induction 
between the magnet and the armature. Mxperiments 
of this kind have been made by Dub, Lamont, and 
others, 

4, Another method frequently employed is to slide 
along the bar a small ring-shaped coil embracing it as 
closely as possible, and to measure the induction cur. 
rents for a given displacement. ‘The assumption usu 
ally made is that the integral electromotive force is 
proportional to the free magnetism on the portion ot 
the bar passed over, or, what amounts to the same 
thing, to the difference between the magnetic moments 
per unit of length of the sections of the bar on which 
the coil rests at the beginning and end of the motion. 
This is, however, only an approximation to the truth, 
and the aceuracy of this approximation is very difficult 
to estimate in the practical case where the lateral di- 
mensions of the bar are finite. The following investi- 
gation will show the nature of the difficulty. 


The integral electromotive force is ~ (Ni ~ Nz), where Ny 
and Ne are the surface integrals of magnetic induction 
taken over the coil in its initial and final positions. Let 
us take first a linear solenoid SN (fig. 31) of length /, and 
magnetic moment m, and a coil of a single winding PQ, 


7 See also Alry and Stuart, Phil, Mag , 1878, 
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which moves so that its centre R is always in the line SN 
and its plane always perpendicular to SN; then 


N=//adyde = ffadyde I An// Adyde, 


the former integral extending all over PQ, the latter over 
the infinitely small section of the solenoid at Ry, a being the 
force due to the end distribution at Nand $. We thus got 


N= 2 (cost = 0086")! can ef Tia een) 
where @ and 0’ are the angles PSX and PNX, This shows in 
the first place (see equation (25) above), that if the coil PQ 
were to expand and contract as it moves, 80 as always to ro. 
main asection of the same tube of force, there would be no 
variations of N, and no electromotive force, which is as ib 
should be. If we were at liberty to suppose PQ infinitely 
small, then, when R is between Sand N, cos? = cos0’ would be 
the sum of two unities, and, when R is outside, the diffor- 
enee. In such a case, so long as PQ moved on the magnet, 


there would be no electromotive force, bub if we suddenly 
Z 


Fra, 81. 


move if over the end, there would be an electromotive 
foree =drm 1, which is proportional to the moment of the 
bar, When PQ is not infinitely small, there is a variable 
part of N, depending on the dimensions of PQ, whieh will 
give rise to an electromotive force, even when the coil is 
moved along a uniformly magnetized bar, where there is 
no free magnetism except at the ends, 

Tt is now easy to form a conception of what happens in 
the case of an ordinary complex solenoidal bar, Wo may 
suppose such & bar made up of a number of simple linear 
solenoids. A cortain number of these, corresponding to the 
end parts of Poisson’s distribution, will have the same 
length as the bar; the others, corresponding to the lateral 
surface and volume parts of the distribution, will be of con- 
tinuously diminishing lengths, If we were at lTborty to 
suppose the lateral dimensions of the bar and the radius of 
the coil to be infinitely small, then, as the coil moves along 
the bar, we should have an electromotive force due to pas. 
sage over the ends of the short solenoids, and, as it moves 
over the end, an electromotive force due to passage over tho 
ends of the long solenoids. We mightin this way bya 
sufficient number of observations determine the distribution 
of the free magnetism throughout the bar and at its ends; 
and in this case no distinetion would bo necessary between 
the volume and the surface distribution in any seetion, 

If, however, the dimensions of the section of the bar, and 
consequently of the coil, be finite, a correction would have 
to be applied, depending, not only on the dimensions of the 
bar and coil, but also on the magnotie distribution, All 
that we can then do is to assume a formula for GQauss’s str 
face distribution and determine its constants. Wo thus pot 
Gauss’s distribution, and a formula that will aecount for the 
electrical observations; butwe obtain no information as to the 
actual internal distribution of the magnetism in the bar, 


Lenz and Jacobi! appear to have been the first to 
apply the method of induction currents to the measure: 
ment of the magnetic distribution in bar magnets, 
They attempted no theoretical analysis of their results, 
although they assigned a law of distribution, Van 
Rees,’ who questioned their conelusions, gave an im- 
yorfect theory, and made some careful researches of 
bis own. Rothlauf® made further experiments, and 
entered more fully into the theory, though still with 
insufficient generality. The most recent experiments 
of the kind we are aware of are those of Schaper,* who 

1 Pogg. Ann, xi, 1844. 

2 Over de Verdeeting van het Magnetismuus in Magneten, Amst, 1847, 


8 Pogg, Ann, OXVi., 1862. 
4 Wied. Ann, ix., 1880, 
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discusses the theory with complete generality, taking 
account of the ends of the bar, 

After what bas been said, the reader will searcely be 
surprised to find that the different experi- 


monters assigned very different formule for ky 
the distribution in bar magnets. Lambert assigned, 


deduces from his experiments a distribution 
whose density is Aw—-A being a constant, and @ the 
distance from the ends of the bar, Brugmans, V. 
Swinden, and Lenz and Jacobi adopt the law Aw? ; 
Iansteen, as we have seen, the law Aw, where 7 = 2 
or 8. Biot deduced from Coulomb's oxperiments the 
law A(j" =") for the density of the free magnetism, 
which would give for the moment per wnit of length of 
the bar the law a=O(""12"), see above, p. 232. Beequerel, 
Van Rees, Lamont, and Rothlauf favor this last for- 
mula; but nono of these experimenters give any proper 
account of the ends, which must be specially repre- 
sonted in all but those cases where the magnetic 
momont is zero there, Schaper finds that the re- 
stilts of experiment can be adequately represented by 
moans of end distributions, end a lateral surface dis- 
tribution following the law Aw+Ba', See his paper 
above quoted.” 

Carrying Power of a Magnet. —Tt is obvious that the 


magnetization of a piece of iron must affee 
¢ | at altect Theory of ' 


its force of cohesion, ‘The most familiar case “carrying 
is that of a magnet to which an armature is power; 
fitted. If the surfiees of the pole and arma. ¢XPerments 


ture be carefully ground flat, so as to fit, we 
may rogard the magnet and the armature as continua 
tions of each other. ‘The force of cohesion here is mainly 
due to the magnetism; and the force required to sepa- 
rate the two is called the “carrying power’? of the 
magnet. To simplify the question, Tot us consider a 
oylindrieal bar of section ©, uniformly magnetized in 
the direction of its length with intensity L Suppose 
the bar cut so that the normal to the plane of seetion 
makes an angle (with [, and let the surfaces of section 
be separated infinitely little, then the surface density 
of Poisson's distribution will be [ cos? on each surface, 
Assuming that the cohesion is caused solely by the 
attraction of these surfice layers, we get for the carrying 
power Pee 2rI cos? X 1 cos? o see, e., P= 2 Poaosé, 
‘he carrying power is therofore greatest, viz, 2rel", 
when the surface of the pole is perpendicular to the 
lines of magnetization. 

A great variety of experiments have been made on 
this subject’ by Joule, Dub, ‘Tyndall, Lamont, and 
others, mostly, however, under circumstances that do 
not admit of the application of the above theory, Wor 
an account of what has been done, the reader should 
consult Wiedemann’s Gadvanismus, ti. 8426 sq. The 
most recent investigations on the subject will be found 
in the papers of Rowland, quoted below, p. 257, and in 
papers by Stefan and Wassmuth in the J oncesbenichte 
der Weiner Ahademie for 1880 and 1882." The faets 
are not so simple as the above theory would indicate; 
but Washnuth finds a modified form of it to agree 
sufficiontly well with observation, 


Marirmaarroan Tamory or Maaneria INpuerron, 


The two fundamental axioms of this theory are the 
following : 

1, The induced magnotism in any elo- 
mont of a body depends morelys on the 
magnitude and direction of the resultant 
magnotic force (Y}) at the clement, 

2, The magnetic moment induced by any force Y 


Axioms of 
magnotio 
induotio . 


6 Various experinenters have attempted to determine the 
“tndiference yone" of magnots under diforent elvoumstandces, 
fe, tho line separating the positive and negative parts of the sums 
fieo distribution, Wor information as to this and other matters 
Under the progent hoad omitted for want of space, see Wiedemann, 
ear e I, QQ 2e7, 86, 806, dOL; and Lamont, Handbuch, o 6, 
27, 68, Gd, 6d, 

+ Abstraotod in Wee, Bei’, 1880 and 1882) see also Von Walton: 
hofen, Wen, Ber, 70, and Slomens, Bers, Monatsber, 1881, 
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is the resultant of the magnetic moments induced sepa- 
rately by any forces of which % is the resultant. 

With reference to axiom 1 it is to be remarked that 
account must be taken of the physical condition of the 
body as to temperature, and so forth; but it is implied 
that no account is to be taken of its magnetic state, 
except in so far as that affects the resultant magnetic 
force. In other words, it is asserted that the moment 

- induced by any force does not depend upon any pre- 
existing magnetic moment in the element, and is the 
same whatever forces may have acted on the element 
previously. The full significance of these statements 
will be better appreciated when we come to consider 
the exceptions to them in case of strongly magnetic 
bodies. It should also be noticed that it is supposed 
that the body has reached a state of magnetic equilib- 
rium, and that by whole resultant magnetic force is un- 
derstood, not only that arising from the given inducing 
system, including pre-existing magnetism in the body 
itself, but also that arising from induced magnetism, 

In the mathematical theory no distinction is drawn 
between the part of the induced magnetism which dis- 
appears when the inducing force is removed, and that 
which remains. If anywhere we contemplate what 
happens after the removal of the force, it is assumed 
that all the induced magnetism disappears. 
important restriction must be borne in mind in apply- 
ing the results in practice. 

Axiom 2 enables us to assign at once the law connect- 
ing the components of induced magnetization A,, By, O, 
with the components a, (3, y of the resultant force. If 
1), Jy) Po be the components parallel to the three co-ordi- 
nate axes of the induced magnetization caused by a unit 
resultant. force parallel to the axis of a, then, by the 
axiom, the components of magnetization induced by a 
force a in the same direction will be r,a, gga, p,~; sim- 


ilarly, if ps, 7%, % be the components due to unit force | 
lel to the y axis, then the components due to # will | 


aral 3 
PB, %8, HB; and finally, if gq, pr, 73 be compo- 
nents due to unit force parallel to z axis, the 


eae a components due to y will be my, pry, sy. 
; : ! 
induction, Compounding all these, according to the 


axiom, we get 


Ai = ria -+- psB + gry 
Bi = qsa-+- 1p + piy eae 
Ci = pra -+- b+ rsy 
Hence the most general expressions for the compo- 
nents of magnetization compatible with our axioms are 
three linear functions of the components of the result- 
ant force. 
Here it is necessary to introduce a classification of 
_ bodies according to their magnetic properties. 
If equal, Donte, and similarly situated elements cut 
from different parts of a body have identical 
orn pa magnetic properties, it is said to be ‘‘magnet- 
‘erogeneity. ically homogeneous’’; if not, ‘‘ heterogene 
Isotrop. ous.” 
ae nd Tf equal, and similar elements cut around 
the same point in different directions be 
identical in their magnetic properties, the body is said 
to be magnetically ‘isotropic’; if not, ‘‘ aolotropic.”’ 

These are not cross classifications; for a body in (fy, 
Iceland spar) may be xolotropic and yet homogeneous, 
and it might be heterogeneous and yet isotropic. We 
must regard the coefficients p, g, r of (71) as belonging 
to a point of the body; and we see that in a homoge- 
neous body they will be the same for all points, whereas 
in a heterogeneous body they will vary from point to 
point, 7.¢., they will be functions continuous or discon- 
tinuous of the position of the point. 

In the ease of an isotropic body it is obvious a priori 
that the induced magnetization must be 
coincident in direction with the resultant 
force; the conditions for this are that the 
coefficients and g should all vanish, and 

that 7=r,=r,=«. The equations (71) thus reduce to 
ia Ka DUKA Cy Ky. es) 5. (72); 


(71). 


isotropics. 


This | 
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In an wolotropic body, on the other hand, the coeffi- 
cients may be all different from zero and from one 
another; but, as we shall see, at all events in the ideal 
case contemplated by the mathematical theory, the 
conservation of energy reduces the number of indepen- 
dent constants by three; while a proper choice of axes 
reduces it by three more; so that the magnetic prop- 
erties of any element of an aolotropic body Barend vir- 
tually on three independent constants. 

The theory here given is the generalization of Pois- 
son’s theory due to Sir William Thomson. It aims at 
giving the simplest possible exposition of the results of 
experiment with the fewest assumptions as to the 
molecular structure of bodies. We first discuss specially 
a few of the cases more important in practice, and then 
give a brief account of the general theory with a view 
to establish some general principles to guide us in the 
subsequent account of the (often very complex) phe- 
nomena observed by experimenters. 

Homogeneous Molotropie Sphere in a Uniform 
Fidd of Inductive Force..— We suppose 
that the sphere, to begin with, is not mag- cointion for 
netized. If the sphere were uniformly «sphere in 
magnetized,’ with components A,, By, C,, ae 
then (see above,.p. 233) the force inside the ; 
sphere due to this magnetization would have for its 
components 


Syntheti¢ 


4nCh, 

This uniform force combined with the given uniform 
force (a9, 39, Yo) of the inductive field would result in 
a uniform force 

a= ady~$rAi, B=Py-4rBi, y=yo-FrCi .  (73). 

It is obvious therefore that the assumption of uni- 
form magnetization will enable us to satisfy the law of 
induction. 


a)=-4$rAi, fi=-FrBi, yi=- 


In point of fact, substituting in (71) and transposing, we 
get three linear equations to determine Aj, Bi, Ci in terms 
of 49, Bo, Yo, Viz., 

(1+ $i) Aa ++ :p3B1 +- 47,01 = 11149 + psBo ++ 9270, ete. (7A). 

It is easy, by means of these and formulx given 
above, to calculate the couple exerted on 
the inductively magnetized sphere. If we 
put a = 0, Bo = Feosé, yo = Fsin@, we can 
calculate the work done on the sphere in 
turning through 180° about an axis per- 
pendicular to the direction of the field. This, by 
the conservation of energy, ought to vanish, and we 


Reduction 
in the num- 
ber of in- 
duction co- 
efficients. 


thus get the conditions pj = 4, Py = Ps = 4 The 
equations (74) therefore reduce to 

Ai =ria-- psB -- poy 

Bi = psa 728 -+- pry (7). 


j ae oa 


Hence, if a, 6, y be parallel to a radius of the central 
quadric 
ya? —-roy? + ryz” + 2p ya Qp_2a -- 2pgry =1, 
Ay, Bi, Ci will be normal to the diametral plane of that 


radius. We have, therefore, by the theory of surfaces of 
the second degree, the following conclusions. 


Ci = pra + iB +- ray 


1. The induced magnetization is not in general in 
the direction of the inducing force; but 
there are in general at every point three 
directions, called the three principal mag- 
netic axes, mutually at right angles to each 
other, for which the directions of the induced magnet- 
ization and of the inducing force coincide. If the axis 
of co-ordinates be parallel to these principal axes, the 
equations (75) reduce to 


Three prin- 
cipal mag- 
netic axes, 


M—naA Bi 796, Cry. . . « (76). 


1 Here and in future the suffix 0 denotes components of may- 
netizing foree, ete., due to given or pre-existent magnetization ; 
while the suffix 1 denotes those due to induced magnetization. 
Letters without suffixes denote totals; @¢., a= 40+ a1, A=Aot 
A,, and so on, 
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The values of 7,,7.,7, in this case are called the 
‘‘ principal magnetic inductive susceptibili- 


Sachem ties.’’ Bodies for which these coefficients 
inductive are all positive are called paramagnetic or 
Re ferromagnetic. Bodies for which they are 


all negative are called diamagnetic. No 
substance is known for which some are positive and 
others negative, although this is a mathematically pos- 
sible case. Since intensity of magnetization and re- 
resultant magnetic force are of the same dimension 


1 
[um Zi ‘tae 7, %2, 7, are pure numbers; for all sub- 
stances except iron, nickel, and cobalt, they are ex- 
tremely small. ‘The value of the coefficients 7 and p 
for any other axes can be expressed in terms of the 
three principal susceptibilities by means of simple 
formulse which we need not stop to deduce. 

A physical meaning can ie given to 7, as fol- 
Let the body be homogeneous, and let us 
cut from it a cylindrical piece whose axis is 
parallel to the principal axis of susceptibility 
7, Place this cylinder in the direction of the 
lmes of force in a uniform field of unit strength, 
then, provided the cylinder be infinitely thin, and of 
longitudinal dimensions infinitely great compared with 
its lateral, the internal force due to the induced mag- 
netization will be zero (see above, p. 230, and it will 
be magnetized inductively with a uniform intensity 7. 
Similarly for 72, 75. 

The three coefficients 

@y=1-+4rr, w2=1+ 49m, ws=1-+44771:, 


used later on, are called by Thomson the three prin- 
cipal permeabilities of the body at any 
oint. ‘These are of course pure num- 
aim and they are positive for all known 


lows. 


Principal 
Piites! 
ilities. 
substances. 

2. If the susceptibilities for any two principal axes 
be equal, then every axis in the plane of these two is 
a principal axis. 
_ 3. If all three principal susceptibilities be equal at 
any point, then every axis through that point is a 
principal axis, and the susceptibility for every such 
axis is the same. ‘The body is therefore isotropic at 
that point, and the direction of the induced magneti- 
zation coincides with the direction of the inductive 
force for every direction of the latter. 

Returning to the problem of the eolotropic 
sphere, let us simplify our equations by taking 
the co-ordinate axes parallel to the common 
directions of the principal axes throughout the 
homogeneous sphere. We then get for the 
components of magnetization 

aa rea i ee, 

A= ee ee a es fala Yo 

Using these formule, we get, by means of (22), for the 


components of the couple acting on the sphere (of volume v) 
’ 


Magnetiza- 
tion and 
couple for 
sphere in 
uniform 
field. 


Bi (77). 


1 
Cimber) 
STTL 


ar 2-73 ; 
oak peony) 4 
= 13 —T1 . 
= a gered) eae 
ae ri — 12 
aa (eae ees on 
There is of course no force of translation. As a 


special case let us suppose 7, 72, and 73 to be in de- 
scending order of algebraical magnitude, and suspend 
the sphere with the axis of 7, perpendicular to the 
lines of force. We may put 6y=Fcosd, y=Fsind, 
where @ is the angle between the axis of y (7)) and the 
direction of the field, then we have F 


SP = }0F 2(r2 - 73) sin20/(1 -- 4rr2)(1-+- $nrs). 


Hence the sphere tends to turn so as to place the 
axis of algebraically greatest susceptibility parallel to 
the lines of force. It will be in equilibrium when 
either principal axis is parallel to the lines of force ; 
but in stable equilibrium only when the axis of greatest 
permeability is in that position. It is to be noticed 
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that the couple is proportional to the square of the 
strength of the field. 

There is another way of expressing these results 
more in accordance with the ideas of Faraday. 

If N be the surface integral of magnetic induction taken 
over the meridian section (w) of the sphere perpendicular 
to the direction of the vector % inside, or, as we may call 
it, the number of lines of force that pass through the 
sphere, then we have 


N=3Fo mes ~ ip cos?6 ++ ate) sin20 } a 
wa, +2 w3+-2 
8-1 (2+ 2)(s + 2) dN?) 
24r2?R wat W3 ao aya, do : 
R being the radius of the sphere. 

From these formulze we can draw the following con- 
clusions : 

1. The number of lines of force that pass through 
the sphere is greatest, viz., 3Foas|(+»+ 2), ; 
when the axis of greatest permeability 7s oe 
paraliel to the direction of the undisturbed day's laws. 
Jield, and least, viz., 3Foas|(@,-+- 2), when 
the axis of least permeability is in the same position. 

2. In any position the number of lines passing 
through the spherical space is greater for a paramag- 
netic body, and less for a diamagnetic body, than it 
would be if the sphere were absent. 

3. The sphere is in equilibrium when the number of 
lines of force passing through it 7s a maximun or a 
minimum, the equilibrium being stable in the former 
case, and unstable in the latter. 

Homogeneous Isotropic Sphere in Uniform Field.— 
This case is obtained by putting .~=rn= 


73 = « in theabove formule. Themagneti- Induced 
zation is parallel to the undisturbed field; §88nehza- 
and the couple vanishes, so that the sphere tropic 
ig in equilibrium in all positions. If the sphere, 


strength of the field be , we get for the 
intensity of magnetization 


pia ere (w-1) p. 
: 1-++ 47x t742 a 
also 
=. SH x 
be ere ag Fath 


In order to familiarize the reader with this import- 
ant case, we give two figures of the lines of force from 
Sir W. Thomson’s Leprint, pp. 490, 491,—one for a 


' Fre 32.—Lines of Force for a Paramagnetic Sphere. 
paramagnetic (fig. 32) having 7 = 2.8, and another 


for a diamagnetic (fig. 33) having #@=.48, The for- 
mer represents a paramagnetic whose susceptibility is 
something like zi5th of the maximum observed for the 
best Norway iron.. The latter corresponds to a dia- 
magnetic haying a susceptibility some 16,000 times that 
of bismuth, which is the most powerfully diamagnetic 
substance known. 

The reader should observe that, although the field 
inside the isotropic sphere is uniform, this is not the 
case outside, a fact sometimes forgotten by experi- 
menters. Of course the disturbance in the case of 
a bismuth sphere would be infinitesimal. 

Homogeneous olotropic Ellipsoid in a Uniform 
Field.—In the case of a sphere the ten- 


% ; i Zolotropic 
dency to set in a uniform field is wholly de- allipsoid in P 
pendent on the eolotropy of the sphere, mio 


and is independent of its form. It is im- 


With 
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ortant, in order to get a complete picture of the be- 
avior of inductively magnetized bodies, to obtain a 
solution for some case where the form has an effect 
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Fie. 83,—Lines of Force for a Diamagnetic Sphere. 


upon the result. A solid bounded by a surface of 
the second degree affords such a case. 

If an ellipsoid be uniformly magnetized so that the com- 
ponents of magnetization parallel to its three principal 
axes a, b,c be Ai, Bi, Ci, this magnetization gives rise toa 
force 

a4 =- AL, fi: =-BiM, yi =-GiN; 
when L, M, N have the values given above, p. 233. If we now 
place this ellipsoid in a uniform field (4a , Bo, yo), the force 
inside will be given by 
a=d)- AL, B= By)- Bil, y=yo-CQiL (79). 

It is obvious, therefore, that the equations (75) of induc- 
tion can, as in the case of a sphere, be satisfied by the as- 
sumption of uniform magnetization. 

There is no difficulty in dealing with the general case in 
which the principal magnetic axes are not parallel to the 
principal axes of figure; we shall content ourselves, how- 
ever, with the case in which the principal magnetic axes 
1, 72, 73 are parallel respectively to a, b,c. Equations (76) 
then give at once 

Ai = 1ri(d9- AiL), Bi =72(80- BiM), C1 = 1r3(yp-CiN) (80); 
whence 
re r3Y0 
A= 10 = —"Po_ | Cy 87 
eit’ 1-1 
The components of the magnetic moment are of course ob- 
tained at once from these by multiplying by the volume. 

For the components of couple, &, MU, a, tending to turn 

the ellipsoid about the axes a, b, c, we get 
v2 -13-+- rars(N ~M) 
= 4rabec——_— ee / 
a $ (1-- 72M)(1 Sf vp 4: (82). 


bi =etc., zit = ete. 

From these equations We can draw the following im- 
portant conclusions,—first as to the magnetization of 
the ellipsoid. 

1. When 7, 7, 73 are so small that their squares 
may be neglected, as in fact is the case with 


(81). 


weakly all bodies except iron, nickel, and cobalt, 
magnetic the components of magnetization reduce to 
substan- : : 

ces the 1M) 239, Tyo. A glance at equations (79) 
a erg will show that what happens is simply 
thein. that the part of the internal inducing force 
duced which depends on the squares of the sus- 
pre: aa ceptibilities is not sensible. In other 


words, the form of the body is without in- 
fluence on the induced magnetization. Or, what is 
again equivalent to the same thing, the induced mag- 
netism may be supposed to produce no disturbance in 
the inducing field. . 

These conclusions are of course not limited to the 
ellipsoidal form in particular; but we have the general 
result that, if the squares of the susceptibilities are 
negligible, then the forn of the body has no effect on 
the induced magnetism. 

2. On the other hand, when the susceptibilities (and 
consequently the permeabilities) are very 


Le great, since Ay=a)/(1/7;+L), ete., it is 
magnetic clear that the influence of the form of the 
roan. body predominates. The extreme case is 
ence of that of a body of infinite permeability, in 
aan which the induced magnetism is wholly de- 


termined by the form. 
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3. If, however, the ellipsoid be very elongated in 
the direction of a, then L will be very small, 
and 7,L may be very small, notwithstand- 
ing the largeness of 7,. In that case Ay =r. 

4, From 1, 2, and 3 we have the following most im- 
portant results. In experimenting with 
weakly magnetic bodies in a uniform field 
—in order, say, to determine their suscep- 
tibility—the form of the body is indifferent. 
On the other hand, with strongly magnetic 
bodies an elongated form must be used, because in that 
case only does the induced magnetism depend mainly 
on the susceptibility of the material. With bodies 
approaching the spherical form differences in form pro- 
duce far more effect on the experimental results than 
differences in the susceptibility of the material, so that 
in such cases the experimenter really measures the 
accuracy of his instrument maker!’ more than the ma 
netic susceptibility of his material. 

5. For a flat disk (infinitely oblate ellipsoid), hay- 
ing its 7, axis parallel to the lines of’ force, 
L=4r, and Ay =744)/(1+47r,) = ap( 1-1) 
|Ar@,. If such a body were diamagnetic, and had 
 =-1/47, «e., had zero permeability, the normal 
magnetization would be infinite for any finite force. 

Next we have the following conclusions as to the 
magnetic couple. Let us suppose the ellip- — yfagnetie 
soid free to move about its a axis, and let couple, two 
the direction of the field be perpendicular — Parts of 
to a, so that B= F cos?, y= sind; the couple tending 
to turn the 6 axis parallel to the undisturbed direction 
of the field is the sum of two parts. 

rabek?(r2— 173) 


Exception, 


Best form 
for deter- 
mination 
of suscepti- 
bility. 


o~ 
fo) 


Flat disk, 


=} sin26, 
§,=8 (1+-7™2M)(1-+- rsN) ciate ae 
and 
3 rabersrs(.N-M)  .- 09 84 
g, $M) rN) sin26 . (84). 


1. Tf the susceptibilities are so small that their 

squares and products are negligible, then ¥ reduces to 
Bi = §rabeF*(r2 —1g)sin26. 

In other words, the form of the body has no effect, and 


it behaves exactly like an wolotropic sphere por gmall 


of the same volume; #e., it will tend to susceptibil- 
turn its axis of greatest permeability paral- Aah 
lel to the lines of’ force. wolotropy 

2. If the susceptibilities be very large, Pre: 


then the most important part of 4 will be 
@,. Nowa glance at the values of M and N (34) 
shows that N-M has the same sign as 4?—c?; hence 
the ellipsoid will tend to place its longest — Yor large 


dimension parallel to the lines of force.* oF eae Ave 
This is the general effect of the influence ° choot of 
of form in the case of strongly magnetic _ form pre- 

dominates, 


bodies, or, if we choose to put it so, the 
effect of the disturbance of the field by the induced 
magnetism. 

3. It is of course possible in the case of strongly 
magnetic bodies that both parts of # may be sensible, 
so that the resultant action would be affected both by 
form and by the magnetic structure, either predomi- 
nating according to circumstances; for by properly 
shaping the ellipsoid we can give N-M any value posi- 
tive or negative from 0 to 27. In this way, given an 
xolotropie body for which 1/73— 1/7, is not greater than 
2x, we might so shape it that it would turn its longest 
dimensions parallel to the lines of force, or so that it 
would turn its shortest dimensions parallel to the lines 
of force, the shortest axis in the second case being the 
axis of greatest permeability ; or we might so shape it 
that the equilibrium would be neutral. 

And, in general, given a body eeolotropic within cer- 
tain limits, we might shape it in such a manner that 
the effect of its form would exactly neutralize the effect 

1 As a matter of history, Riecke did unwittingly obtain in this 
way a tolerable approximation to the ratio of the circumference 
of a cirele to the diameter. See Stoletow, Phil. Mag., 1874, p. 202 


2 Assuming, as is always the case in nature, that rz, and 7; have 
the same sign, 
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due to its structure, so that, as far‘as setting in a uni- 
form field is concerned,' it would behave like an iso- 
tropic sphere. 
Homogeneous Isotropic Ellipsoid in a Uniform 
Field.—The formule for this case are of 


aiipeald. course at once obtained by putting = 1, 
=r7,;—=« in the above formule. We thus 

get Ka, kB, 
Ay =o, By sep ieee 5); 
a ES Fibers BS OP ieuaha ata 1%, 8); 


ap — 4 7abex?(N — M)Boy, “ft eet sr 
f=3 (tM) NY at = ete., zit =etc. (86). 
The following conclusions are worthy of notice :— 
1. The resultant magnetization will not, as in the 
case of an tsotropic sphere, be parallel to the resultant 
magnetic force. 
2. The ellipsoid will tend to set its longest dimension 
parallel to the lines of force; and since « is 


Influence 7 . : > F 
of foun involved in the numerator in the form «’, 
thesame this conclusion is the same for a diamag- 
for a dia- 


netic as for a paramagnetic body. Of course 
we exclude the mathematically possible 
case of one of the factors 1 + «M or 1+ «N 
vanishing or becoming negative. For all 
weakly magnetic bodies, however, « is so small that 
the tendency of an elongated isotropic body to set 
in a uniform field is insensible. 

Ring EHlectromagnet.—A simple case,? which has 
recently acquired practical importance, is 
that of an electromagnet having a soft iron 
core shaped like an anchor ring, whose mean diameter 
is R, and radius of section a, wound uniformly with 2 
turns of a primary coil in which flows a current 7. The 
lines of force and the lines of magnetization will evi- 
dently be circles, and, since the Poisson’s surface and 
volume distributions vanish, the whole magnetic force 
4) will be simply that due to the current. At a distance 
p from the axis of the ring 4 = 2niJ/p; for the whole 
work done on a unit pole in passing round any coaxial 
circle of radius p is 4) X 27p = 4rni.3 The intensity 
of magnetization is, therefore, I =2n«i/p, and ® = 2ni 
(4 xx + 1)/p 2Qnzi/p. Hence it appears that the 
total induction through a secondary coil of n’ windings 
is 2nn’7(4rn/dS/p + /dS//p), where /dS/p is taken over 
the section of the core, and /WS’/p over the section of 
the coil. In the case of an anchor ring of circular 
section, if we neglect the difference between the radius 
of the primary coil and the radius of the core, the ex- 
pression for the total induction through the secondary 
is 4rnn/ai(R — 7/R2- a). 

In a non-wiuform field the problem of magnetic 
induction becomes very difficult for bodies 


magnetic as 
for a para- 
magnetic 
body. 


Tore, 


ste ny of finite size. If, however, we deal with 
wemuni. infinitely small bodies we may suppose the 
form field. field uniform throughout the body, and 


apply the results already obtained to find 
the induced magnetism. 


Small olotropie Sphere im a Non-uniform Field.—Let Ax, 
Bi, Ci be the components of the induced magnetization 
parallel to the principal magnetic axes of the sphere, ao, 
Bo, Yo the components of the strength of the undisturbed 
field at the centre of the sphere in the same direction ; then, 
denoting 7/(1 + 477r1) by s1, and so on, we have Ai = s149, 
Bi = 526), C1 = S379. If the magnetization of the small 
sphere (of volume v) were rigid, its potential energy W’ 
would be W! =-— v(Aiay + BifBy + Ciyo). The actual po- 
tential energy, W, of the inductively magnetized sphere is 
different, because its magnetism varies as it passes from one 
part of the field to another. In any infinitely small dis- 
placement, however, we may calculate the work on the sup- 
position that the magnetism is temporarily rigid. In other 
words, we may put dW = dW’, where the latter is taken on 
the supposition that Ai, Bi, Ci do not vary, while on the 


1In other respects it would not in general behave as if it were 
isotropic. 

2 See art ELECTRICITY, vol. viii. p. 64. 

3 Kirchhoff, Pogg. Ann., Ergbd. v. 1870, In the same paper he 
discusses the effect of a rectilinear current in a cylindrical iron 
wire, and finds that the circular magnetization in a wire of length 
L gives rise to an apparent increase of the coefficient of self-induc- 
tion equal to 2r«L. 
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other hand a),89,7) do vary, because the resultant force both 
alters its magnitude and its direction relative to the princi- 
pal axes of the sphere. We thus get 

dW =~ v( Aidag -++ BidBy + Cidyo). 


In integrating we must take account of the fact that Au, 
Bi, Ci are variable. Substituting their values, we get 

AW =-— v(s1a9dao -+- $2B0d By +- sgyodyo), 
whence 


y 


W=- =p (8100? + s28o? + ssyp?) . . . (87). - 


This important formula contains the whole of the 
theory of the movement of small spherical 


5 : 2 Faraday’s 
masses of inductively magnetizable matter nee 
in any field of force. We can deduce from bee vou 
it at once the position of equilibrium of an frou the 


exolotropic sphere suspended in a uniform principle of 
magnetic field, with freedom to rotate about rie 
a given diameter. ; 


Let A, », v and 1, m,n be the direction cosines of the given 
diameter and of the direction of the field relative to the 
principal magnetic axes of the sphere, and R the strength 
ofthe field ; then W =— 4vR*(s1l? +- sm? sgn”), For stable 
equilibrium W must be a minimum, and for unstable equi- 
librium a maximum, i.e., there is stable or unstable equi- 
librium according as sl? + sym? -+- ssn? is a maximum or a 
minimum under the given kinematical conditions, which 
will be expressed by arelation between i, pv, v and 1, m, n. 
It is needless to work out the analytical solution; for it 
leads to results easily obtainable from formule already 
given. It is important, however, to show the identity of 
this method of treatment with Faraday’s view of the mat- 
ter. Ifa,b,¢ be the components of the magnetic induction 
parallel to the principal axes of the sphere, then we get 
a= (1-+ §7#1)Ri, b= etc., c= ete. Whence if N denote the 
total induction through the sphere‘ in the direction of the 
undisturbed field, we have, » being the area of its meridian 
section, 

N = w(al +- bm + en) 
= R- §rR(sil? + 82m? + sgn?), 


N is thus a maximum or a minimum when s1l?+-s9m?--sgn? is 
a maximum or a minimum, 


We have therefore established quite generally Fara- 
day’s law that an «olotropic sphere suspended ina . 
uniform field with freedom to rotate about any diame- 
ter will bein stable or unstable equilibrium according 
as the number of lines of force that pass through tt ts a 
maximum or amininum. A particular case of this 
theorem has already been proved above (p. 246) for 
strongly magnetic bodies. 

We next apply the formula (87) to deduce the force 
of translation 1m a heterogeneous field. 

1. We see that in a uniform field W is constant so 
long as there is translation merely without rotation, 
7.e., there is no tendency in an 2olotropic or isotropic 
sphere to move bodily in a uniform field. 

2. If we suppose the sphere isotropie 


(7.é., 8; = Ss, =s3 =T), then W = —- $70 i fei 
(a8 + 62 +72) = - rvR*. Hence the | transla 
force tending to move the sphere in the 09s) fore 
direction of ds is 
_dW_, a(R) _ aR 
ds He ds ee ds + eee 


In other words, the small sphere is subject to a force 
of which the scalar potential is $7vR?. If 

then we draw the isodynamic surfaces 
R?=const., the force on an inductively 
magnetized isotropic sphere will be everywhere at right 
angles to these; that is, the direction of this force at 
every point will be tangential to the lines of slope of 
the resultant force, viz., in the direction in which that 
force varies most rapidly. In the case of paramag- 
netic bodies, for which ris positive, the spheres will 
tend to move from places of weaker to places of stronger 
resultant force ; in the case of diamagnetic bodies, for 
which 7 is negative, from places of stronger to places 
of weaker force. This is the famous law found ex- 


Isotropic 
sphere. 


4That is, the number of lines of force passing through the 
sphere (see above, p. 245). ; 


— 


of an ellipsoid, we have the following proposition :— 
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perimentally by Faraday, and afterwards theoretically 
established by Sir William Thomson. 
It must be carefully borne in mind that 


ce leoal the lines of slope of the field are not neces- 
facesand sarily coincident with the lines of force, 
oo but may cross them at any degree of obli- 


quity. 


As strange mistakes have been made in this matter,! it 
nf be well to illustrate this statement by afew exam- 
ples. 

In the case of an isolated north pole the lines of slope 
coincide with the lines of force, which are straight lines 
radiating from the pole. In this case a paramagnetic 
sphere would approach and a diamagnetic sphere recede 
from the pole along the lines of force. 

The lines of force for a rectilinear electric current are 
circles of which it is the axis; the lines of slope are straight 
lines radiating from the current. A paramagnetic sphere 
would therefore move towards, a diamagnetic sphere away 
em the current in a direction perpendicular to the lines of 

orce. 

In the case of an infinitely small magnet, whose lines of 
force are given by r =csin26, the lines of slope are given by 
rv = c'sin‘é/cosé; and the angle between the line of force 


and the line of slope at the point (r,@) is tan-1 { tano(1 =f 
cos?6)/(3 + 5eos*4/ 


The theory of isodynamics and lines of slope in the case 
of plane fields of force, i.e., those for which the potential is | 
given by the equation d?V/dx?+-d?V/dy? = 0, is remarkably | 
simple. If t= a--iy, n =x —iywe know that V=¢(£) 4+(n), | 
¢ and Y being functions depending on the particular case. 
When these are known the isodynamics are given by 


¢'(£)h'(n) = const. 
and the lines of slope by 


g'(%) 
v'(n) 


= const. 


3. Next suppose an eolotropic sphere allowed to | 


move without rotation in any direction ds. Let the 
direction cosines of the field relative to its principal 
magnetic axes be /,m,n, then these are constant during 


olo- the displacement; and, if R.be the inten- 

tropic it = = =hi: 

oe a. pe field, a=Rl, Byp—=Rm, y—=Rn; 
aw 


UA fea BO aot 2) U(R*) 
as 30(s112 ++ som? + sgn?) at 


(89). 

Hence, as before, the resultant force of translation on 
the sphere is along the line of slope, in the direction in 
which the force increases Uf the body be wholly para- 
magnetic, in the opposite direction if it be wholly dia- 
magnetic. 

Besides depending on the nature of the field, the 
force of translation, on account of the factor s,l?++sym?-+ 
sgn*, depends on the position of the body relative to the 
lines of force. Bearing in mind the theory of the radii | 


The force of translation on an ceolotropic sphere is 
greatest when tts axis of (numerically) greatest mag- 
netic susceptibility is parallel to the lines of force, and 
least when the axis of (nwmerically) least susceptibility 
is in the same position. 

Or, using permeability instead of susceptibility,— 

The force of translation is greatest for a paramag- 
netic sphere when tts axis of greatest permeability is 
parallel to the lines of force, for a diamagnetic sphere 
when the axis of least permeability is parallel to the 
lines of force, and vice versa. 

Or, yet again, in the words of Faraday :— 

The force of translation exerted upon a paramag- 
netic sphere ts greatest when it is so placed that the 
greatest number of lines of force pass through it, where- 
as in the case of a diamagnetic sphere the force ts 
reatest when it is so placed that the least number of 


ines of force pass through it, and vice versa. 


(Ao, Bo,Co) or otherwise. 


1See Wiedemann, Galvanismus (ed. 1874), ii. 665; Todhunter, 
Natural Philosophy for Beginners, pt. i. 2 287 
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Approximate Theory of the Action on Bodies of 


Finite Size in a non-Uniform Field.— — approxi- 
We have seen that, if the square of the mate 
susceptibility be negligible, the effect of theory 
the form of the body and the disturbance _ bodies of 


of the field arising from the induced magnet- nite size. 


ism may be neglected. In that case we may replace 
the spheres of the foregoing discussion by cubes, and 
determine the action on a body of finite size by inte- 
grating the action on the elementary cubes of which it 
is composed. Thus the potential energy will be 


—H/ff (895 +8235 +s57§)dv, and the body need not 


necessarily be homogeneous. From this expression 
we can deduce the force under given circumstances. 

It is quite easy to see, without any mathematical 
calculation, what will happen in a field of force which 
diminishes in intensity outwards from an axial line. 
If we suspend an elongated paramagnetic body with 
its centre in the axis of the field, it will evidently be 
in stable equilibrium with its longest dimension placed 
axially ; for if it were slightly displaced every little 
cube of it would move into a place of weaker force, and 
would therefore tend to return. If, on the other hand, 
the body were diamagnetic, it would be in stable equi- 
librium in an equatorial position; for any displace- 
ment from that position would bring every little cube 
nearer the axis of the field, 7.e., into a place of stronger 
force, and therefore each such cube would tend to re- 
turn. 

General Problem of Magnetic Induction.—It will 
be instructive to consider for a little the theory of in- 
duced magnetism in its most general form. 

We shall suppose the induction to arise from given mag- 
netic force (a9,8,yo), arising from pre-existing magnetism 
Letters with suffix 1 denote com- 
ponents of induced magnetism, of force arising therefrom, 
and soon. Letters without suffix denote components of 
total force, total magnetization, etc. Thus Vo,Vi, V denote 
the potentials due to pre-existent, induced, and total mag- 
netism respectively ; and we have V—Vo-+-Vi, and the like 
relation in other cases. 

We suppose all the media within the field to have defi- 
nite permeability ; but there may be eolotropy and hetero- 
geneity to any extent, and discontinuity along given sur- 
faces. 

Resolving along the principal magnetic axes 
at (x, y, 2), we get, by the law of induced mag- 
netism, (i, m1, 71), (/2, me, nz), (ls, ms, n3) being 
the direction cosines of the axes #1, @2, @s, 

alyt+-bmy-ten =a (alt Bima-tym)-+-47(Aoli+-Bomi+-Conr), 
and two similar equations. 

Multiplying these by h, /2, 7s, adding and so on, we get 


a= s,a-+- 38 + ty-+ 4A 


General 
problem of 
magnetic 
induction. 


b= tga + 98 + try + 47By (90), 


c= ta-+ 6 + ssy + 42Co 
where 


= wl + aly? + wsl32, = Suman + Wemyn2 + wsmsns 
etc. ;—that is to say, given functions of 2,y,2. 
Besides these, we have the conditions of normal conti- 


nuity for 38 viz., 

da, a 

dz dy 
and at a surface of discontinuity , », v being the direc- 
tion cosines of the normal at any point from the first 
medium to the second, 

(a@—a')X+-(b-b/)u-+(e-c!)v =0, 

dashed letters referring to values on the first side of the 


surface, undashed letters to values on the second. 
From these we get finally, for the determination of V, 


Bie Cae (raya say ae 
ve (« ae ls agen et ete. tete.+4rpp9=0 (91). 
and ay’ av dv'_, av av'_, av 

AV" _ WEN a Mes, es 

{s i a as a 

+ fete. bat { ete. |» + drop =0 (92), 
Here 


__ (dp 4 @By 4 aCe 
ae Ce 
09 = (Ao — Ao’) + (Bo — Bo’) t + Co- Co!) 
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i. €., they are Poisson’s volume and surface densities for the 

pre-existing magnetization. 
It may be shown by a method! essentially the same as 
that used in the article ELECTRICITY, vol. viii. 


pe of p. 25, that equations (91) and (92), with the 
oie condition that V be continuous everywhere 


and vanish at infinity, lead to a unique deter- 


tropic me- L 2 . 
mination of V. When V is known, Aj, Bi, Ci 


dium with 


se hes can be found at once from (90). 
isting mag- att ts ; . 
ete hIOnG In what follows we shall confine ourselves 


to homogeneous isotropic media, and we shall 
suppose that in parts of the medium inductively magne- 
tizable there is no pre-existing magnetism. The equations 
(91) and (92) then reduce to 


PV , eV, ev 
Shee Se ee tae UY crs oc 9 
dat + aye? dz? E (93), 
and 
7 / 
wn ON ceagt EV Ee Gay 
dv dv’ 


dy,d’ being elements of normals drawn inwards in the 
two media, Equations (90) reduce to 
a=qma b=aws, c=—7y; 
whence , 
Aye SP SIAR iy ee A ig tase 
Ar dx 4r dy 
From these last, combined with (93), we have the 
important consequence that the induced 
magnetization is both solenoidal and lam- 
ellar. This is true only for homogeneous 
isotropic media in which the pre-existing 
magnetism, if any there be, is solenoidal. 
In all cases such as we are now consider- 
ing, the part of the magnetic potential due 
to induced magnetism may be calculated wholly from 
surface distributions at the surfaces of discontinuity. 
If c, be this surface density, we have 


av , av’ rt 
at grt ea GiB reh hissaes 


Induced 
magnetiza- 
tion in this 
case both 
solenoidal 
and lam- 
ellar. 


(96). 


From equations (94) and (96) 
Cs meee = Pale 
Yd dv’? 
where k= (w-a@ )/4ra’, nm! =(a! -w)/4re. 


Let us suppose that a body A of permeability @ is 

suspended in a medium of permeability a’. 
If the susceptibilities be small, the forces 

arising from the induced magnetism will 
be so small that the direction of the normal force at 
the surface of A will be the same as if the field were 
undisturbed by its presence. 

First, let the medium be vacuum, for which we sup- 
pose 2’ = 1, then, if A be paramagnetic(?. e., 2>1), 
x will be positive, and the surface magnetism will be 
positive where the lines of force leave the body, and 
negative where they enter it. If A be diamagnetic 
(i.e., #1), m will be negative, and the magnetic 
polarity of the body as a whole will be opposite to 
what it was in the former case. 

Secondly, let the surrounding medium have permea- 
bility 2’, then @ is positive or negative according as 
a> or <a’; in the former case A will behave like a 
paramagnetic body in vacuo, in the latter like a dia- 
magnetic body in vacuo. 

It appears then that, by virtue of differential action, 
a body may behave paramagnetically or diamagneti- 
cally according as itis placed in a less or more permeable 
medium than itself. 


Differential 
action. 


In practice it is most convenient in general te determine 
Vi instead of V. The above equations can be 
easily modified to admit of this. In fact we 
get at once, remembering that dVo!/dy/ = — 
dVo/dy, since Vo has no discontinuity at the surface or the 
media, 

Vi 


Poisson's 
equation. 


ONVi ) dF7Va 
da? ahaa 0 eee ay feel 
dvi dvi’ dV 
1 & aa!) “~'0— 
es dy 2 dv’! a ) dy v: Ok 


These equations, together with the condition that Vi be 


1 See Thomson, Reprint of Papers on Electrostatics and Magnetism, 
pp. 548 sq. 
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finite and continuous and vanish at infinity, determine V1 
completely. Since the induced magnetization is lamellar, 
we may write Ai =di/i/dz etc., we then get by (95) 


fo =- 2 (Vo Vi) =-« (Vo Mi) <M (99), 


which give the components of moment in terms of the 
known function V. 


The number of cases in which the solution of the 
induction problem can be worked out is very small. 
Besides those already treated synthetically, one or two 
more, affording examples of the general method, will 
be mentioned in the historical summary 


below. Meantime, we must not omit to ey 
mention an extremely elegant transforma- _ transfor- 
tion theorem, due to J. N eumann,” which mation 


enables us to deduce the magnetic moment 
of any body as a whole under the action of any forces 
whatever, when its magnetization in a uniform field is 
known. 

Let Ai’, Bi’, Ci’ be the components of induced magneti- 
zation produced in the body A by the uniform field whose 
components are ao’, Bo’, yo’; Ai, Bi, Ci the magnetization 
produced in A by any field whatever (a0,80,yo). Let fdv 
denote volume integration throughout A ; and consider the 


function 

U =f du(agAr’ + BoB’ ++ yoCr’). 
U is known, since we suppose 4, Bo, Yo, A1’, Bi’, Ci’, to be 
known. But, since Ai = «(ag - a1), ete., Ar’ = «(ap’ + a1’), 
etc., we have 


U=(do { (2 - an) (a + a')+ ete... si 
= {dv(ay' Ai -+ ete.) + fdv(ar' Ai + ete.) ~fdv(aAr' + ete.). 


Now the last two terms destroy each other; for they are 
simply different expressions for the mutual potential ener- 
gies of the induced magnetism due to (4, Bo, Yo) and to 
(a9', Bo’, Yo’), regarded as separate rigid systems, although 
coincident in position. Hence we get ; 


wr — ay’ fdvAr -- B'of dvB1 + yo’ fav, 


dU == aus 
dp! ’ f pti dyo' * 


whence 


dU = 
fara = on 5 fobs = 


For an ellipsoid this gives at once for the —_—_Cases of 
components of moment annie 


= £ a wae Rites: Uf = pees f . 
ip ; fog, J Q iat dvBo, R tN dvyo 


An interesting particular case is that of an infinite 
cylinder. If P be the component of the moment par- 
allel to its axis, P =-«//dydz (V -V-ow). If the in- 
ducing system be magnetic bodies at a finite distance, 
then V~= V-~=0, and P= 0. If the cyhinder be 
magnetized by a spiral current 7, of » windings, of 
whatever form, then, 7 being the radius of the cylin- 
der, P = 4n«r?ni.3 

Generalization of the Theory for Isotropic Media in 
which « is not constant.—In the above theory we have 
supposed the magnetic susceptibility to be constant. 
This is by no means the case in nature, however. It 
is of importance therefore to consider how xirennof’s 


the theory must be modified when we as- _ extension 
sume « to be a function of the magnetiza- °* a abecey, 


tion already induced. Subject to the re- 
striction (obviously necessary for isotropic media) that 
the resultant magnetization shall coincide in direction 
with the total resultant magnetic force (8), the most 
general assumption that can be made is 

A=f (Ia, B=f (Ds, C=f()y. . . (200), 
where f is a function depending on the nature of the 
substance. From these equations, by squaring, ad- 
ding, and extracting the square root, we get 
1/H), in other words, I, and therefore /(I), are functions 


of 4. Hence we may write the equations (95). 
Ai=F(H)a, Bi =F(H)s, 1=FCM)y. . (101). 


2 Orelle’s Jour , Xxxvii. 44 (1848). The proof given is a modifi- 
cation of Kirchhofl’s, Crelle, xlviii. 366 (1854). 
3 Tirchhoff, J. ¢. 
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It is easy by means of these to introduce the requisite 
modifications into the general equations of magnetic 
equilibrium. For the details we refer our readers to 

irchhoff’s memoir in Crelle’s Journal,’ where the 
matter was first fully worked out. It will be seen at 
once that the induced magnetization is in general 
neither solenoidal nor lamellar. 

There is one important class of cases in which the 
conclusions arrived at on the assumption that « is con- 
eee stant still hold, viz., those in which the in- 

‘ases in staat a pe TAR 

which the Guced magnetization is uniform. In such 
magnetiza- cases I has the same value throughout 
isuniform. the body, and « is therefore constant 
throughout the body zn any one case, although it dif- 
fers from one case to another. For example, in the 
case of an ellipsoid the equations (85) above given for 
the components of magnetization still hold good, pro- 
vided we understand « to be defined by the equation 


Ga) Hen) Hn) $2] o- 


It is clear, therefore, that by experiments on an el- 
lipsoid placed in a uniform field we could determine 


the function F (9 } and also test the truth of the mathe- 
matical theory. For, A,,B,,C, being obtained by ob- 
servation, one of the equations (85) will enable us to 
determine «, and the argument % can be calculated 
from %,o,%0 and A,, B,, C,; the test of the truth of 
the theory would be the agreement of the three values 
of « obtained from the three equations (85). 
Historical Remarks on the History of the Mathe- 
matical Theory.—Although the Tentamen of AXpinus, 
ublished in 1759, and the discoveries of Mayer and 
ambert did much to make clear the exact nature of 
the problems involved in the modern mathematical 
theory of magnetism, yet the origin of that theory is 
usually, and with justice, dated from Coulomb.? Not 
Coulomb, Only did the results of his careful and judi- 
cious experiments afford the means of bring- 
ing a mathematical theory to the test, but the marvel- 
lous sagacity he displayed in analyzing the phenomena 
enabled him actually to lay the foundations upon which 
Biot. such a theory could be constructed. After 
him, Biot* and Hansteen,* of whose servi- 
ces we have already spoken, are to be reckoned as pio- 
neers. he theory as it now stands was vir- 
tually created by Poisson in four of the most 
admirable memoirs® to be found in the whole literature 
Poisson, of mathematical physics. In the first two 
he investigates expressions for the force due 
to bodies magnetized in any manner; he then applies 
his formulee to the case of bodies inductively magnet- 
ized but having no coercive force. Although he con- 
fines his investigations to the case of isotropic bodies, 
he is quite aware of the general nature of the conse- 
quences of zeolotropy, and in fact distinctly predicts as 
possible the magnecrystallic phenomena afterwards dis- 
covered by Pliicker and Faraday. The formule he 
ives are practically identical with those given above 
p. 250). ii 
case of a hollow or solid sphere exposed to any system. 
of inducing forces having a potential,® and in particu- 
lar compares the results, when the inducing field is 
uniform, with the experiments of Barlow. In the sec- 
ond memoir he works out the solution of his equations 
for an ellipsoid in a uniform field, examining specially 
the case of an ellipsoid of revolution and its extreme 
cases (see above, p. 246.) At the end of this memoir 
he discusses the disturbing forces on a compass, aris- 
ing from the earth’s induction on any distribution of 
soft iron, and shows that the given components of the 
disturbing force are expressed by linear functions of 


1 xlviii. 370, 1854. ; 

4 Mém. del Acad, de Paris, 1780, 1785, ete. 

8 Traité de Physique, 1816. 

4 Magnetismus der Evde, 1819. 

6 Mém.del Inst., v., 1821 (two memoirs) ; vi., 1823 ; and xvi., 1838. 

6 He did not use the word “ potential,” although be uses the 
corresponding function. 


Hansteen. 


e works out in detail the solution for the: 
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the components of the earth’s force, involving nine 
constants which depend on the quantity and distribu- 
tion of the iron. The third memoir, on magnetism in 
motion, is an attempt to explain the phenomena of the 
deviation of the magnetic needle caused by rotating 
metal spheres or disks. Although the physical inter- 
est of this memoir was in a great measure destroyed by 
the discoveries of Faraday as to the true nature of’ this 
action, yet, as a piece of profound mathematical investi- 
gation, this work of Poisson’s is still worthy of study ; 
nor is It perfectly certain that his theory will not after 
all be required to explain certain residual phenom- 
ena. ‘he fourth memoir develops the mathematicai 
theory of the deviation of the compass caused by 
the iron of ships. After Poisson the most impor- 
tant investigators are Green and (Gauss. 
Green’s services have already been alluded 
to in the article HLEcrriciry; we need 
only mention here his approximate solution of the 
problem of the magnetic distribution on cylindrical 
ask which gives a formula agreeing with that of 
Biot. The all-important work of Gauss has already 
been detailed. 

In Crelle’s Journal for 1848 J. Neumann worked 
out the solution of the induction problem 
for an ellipsoid of revolution under the ac- 
tion of any conservative system; and six years later, 
in the same journal, Kirchhoff worked out  xipennor 
the case of a circular cylinder of infinite 
length. We are not aware that the solution of Pois- 
son’s equations in particular cases has been carried 
any farther, unless we includeas new the — greennint 
case of a hollow ellipsoid treated by A. G. 4 
Greenhill in the Journal de Physique for 1881. 

The most important contributions to the general 
theory of magnetism since Poisson are to be found ina 
series of memoirs’ by Sir William Thomson, the first 
of which appeared in the Philosophical 
Transactions for 1851. He divests the 
theory of Poisson of all particular assumptions con- 
nected with the two-fluid theory, and bases it ona 
small number of principles drawn from observation. 
He enters more fully than Poisson had done into the 
specification of magnetic distribution. He gives simple 
synthetic solutions of the induction problem for spheres 
and ellipsoids in a uniform field. He gives for the 
first time with full generality the theory of induction 
in eolotropic media, and shows that Poisson’s theory 
thus fully developed leads to all the laws of paramag- 
netic and diamagnetic action discovered by Faraday, 
and also the laws of magnecrystallic action discovered 
by Pliicker and Faraday. The value of his — pricxer. 
theory was fully recognized by Pliicker,® : 
and apparently also by Faraday; indeed one of its 
ablest expositors was Beer® the friend and coadjutor of 
Plicker. The experimenters who followed Bese 
these masters were less intelligent, and the 
theory of Thomson was for a number of years misun- 
derstood or neglected, the result being much fruitless 
discussion in which the true issues were often confused. 
Of late the theory has obtained wide currency and the 
adhesion of every physicist worthy of the name. Quite 
recently Thomson’s theory has been further yejmnoltz, 
developed in an interesting paper by Helm- 
holtz!® chiefly with a view to its application to the 
phenomena of dielectric polarization. 


For the benefit of the mathematical reader we append a 
list of the more important papers on the mathematical 
theory of magnetism that have appeared recently, and are 
not quoted above :— 

Plana, “Mémoire sur la théorie du magnétisme,” Ast. 
Nach,, xxxix., 1854; F. Neumann, Vorlesungen tiber die Theorie 


Green. 
Gauss. 


Neumann. 


Thomson. 


7 Reprinted in 1872 under the title of Papers on Electrostaticsand ~ 
Magnetism. 

8 See Phil. Trans., 1858, p. 587. : 

9 See his Hinleitung in die Electrostatik, die Lehre vom Magnetismus, 
und die Electrodynamik, published after the death of its accom- 
plished author, under the editorship of Pliicker. This is one of 
the best works on the subject. A 

10 Monatsber. d. Ber. Akad., 1881. 
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des Magnetismus, delivered 1857, edited by C. Neumann, 
1881; Riemann, Schwere, Llectricitét, und Magnetismus, lec- 
tures delivered in 1861,, edited by Hattendorf, 1876; La- 
mont, “Beitrag zu einer mathematischen Theorie des 
Magnetismus,” Sitzber. d. Bayer. Akad., 1862; L. Weber, 
Zur Theorie der Magnetischen Induction, Kiel, 1877, see 
Wied. Beibl., 1878; Rowland, Silliman’s Jour., 1879 (caleula- 
tion of couple on a body suspended in a heterogeneous 
magnetic field); Boltzmann, “ Magnetisirung eines Hisen- 
ringes,” Wied. Beibl., 1879; Id., “‘ Veber die auf Diamagnete 
wirkende Kraft,” Wien. Ber., 1879; Riecke, Wied. Ann., 
1881 (approximative solutions of the problem of magnetic 
induction). 


INDUCTION IN STRONGLY Maanetic Bopigs. 


The earliest experiments bearing on the mathemati- 
cal theory of magnetic induction are those 
of Barlow’ and Christie, who determined 
the deflection of a compass needle placed 
in various positions relatively to srheres of 


Experi- 
ments of 
Barlow and 
Christie. . 


cast-iron inductively magnetized by the earth’s force. | 


They found that the deflection « of the compass could 
be represented by tana = Asinécosésing/7s, where 0 
is the angle between the line of dip and the line joining 
the centres of the sphere and compass, and ¢ the angle 
between the plane of these two lines and the plane of 
the magnetic meridian. It was also found that the 
deflection produced by a hollow sphere was as great as 
that produced by a solid sphere so long as the thick- 
ness of the former was not less than the z37th of its 
radius. 

All these results of Barlow and Christie are in agree- 
ment with the theory of Poisson.” Another 
consequence of great practical importance 
follows from the mathematical theory, viz., 


Magnetic 
screens, 


that inside a hollow iron sphere of any considerable | 


thickness the magnetic force is very small in compari- 
son with the external inducing force. Sir William 
Thomson takes advantage of this principle to render 
his marine galvanometers independent of external 
magnetic force by surrounding them with a tube of 

soft iron. 
Along with the experiments of Barlow we may rank 
those of Pliicker® and Dronke* as affording 


poncet us the means of testing the general appli- 
Dronke! cability of the mathematical theory to the 


magnetization of soft iron. In Pliicker’s 
experiments an ellipsoid of soft iron was fixed in a grad- 
uated brass ring with its longest and shortest axis (a and 
c) in the plane of the ring. When the ring was sus- 
pended with the longest axis « vertical in the nearly 
uniform field between the two flat vertical faces of the 
poles of an electro-magnet, the mean axis / set itself 
parallel to the horizontal line of force; as the point of 


suspension was moved along the circumference of the | 


ring a point was reached at which the plane of b and 
a ceased to set parallel to the lines of force, and the 


plane of a and ¢ began to do so; , the number of de- | 


grees between this point and the end of the axis «a, 
was observed. The times of vibration, Ta and T., of 
the ellipsoid, when suspended so that w and ¢ were 
vertical, were then observed. By the theory we ought 
to have 

tan’o=T? b?-+c2)/T2(a?-+8?). 


The value of © calculated by means of T. and Tz 
from this formula was 30° 13’; the value observed 
was about 29°. The relation connecting Ta, Ts, Te ac- 
cording to the theory is 


(a? {0?)/Te+-(b°-c?)/T3-(e2--a?)/T2=0 


and the observed values of Ta, Ts, T. did, in fact, sat- 
isfy this equation very nearly. Dronke’s experiments 
on ellipsoids of iron and nickel were of a similar char- 
acter. 


1 Barlow, An Essay on Magnetic Attractions, London, 1820. 
2 See Poisson’s first memoir, or Maxwell, Hl. and Mag., vol. ti. 2 


433. 
8 Phil. Trans., 1858, p. 555. 4 Pogg. Ann., 1862. 
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Deviation of the Compass.—One of the earliest and 
certainly the most important of the appli- 
cations of the mathematical theory of mag- 
netic induction was the discussion of the 
deviation of the compass caused by the 
magnetism of the iron in ships. This disturbance 
seems to have been first noticed by Wales the astrono- 
mer, who accompanied Cook on his voyages of dis- 
covery (1772 to 1779). The same thing was noticed 
during the voyage of D’Hntrecasteaux in search of 
La Pérouse; and Beautemps-Beaupré, who accom- 
panied him, calls attention to the errors thence arising 
in the surveying of coasts by means of the compass. 
Flinders,® using the numerous observations made by 
Wales and by himself, endeavored without success to 
construct empirical formule for correcting the errors 
of the compass. He also attempted to correct the 
errors partially by means of a vertical bar of soft iron 
placed near the binnacle. Barlow® and Scoresby’ also 
occupied themselved with the problem. 

The unusually great deviations observed during the 
Arctic voyage of the ‘‘ Isabella’’ and ‘‘ Alexander”’ 
in 1818 attracted the attention of Poisson, and gave 
rise to his memoir on the subject already alluded to. 
Inportant as the matter then appeared, it became still 
more so after the introduction of iron ships. Inyesti- 
gations both theoretical and experimental were made 
in England by Johnson,® Airy,® Evans,’ Smith", ete. 
Is it to Smith that the mathematical theory as it now 
stands is mainly due. 

The cause of the deviation of the compass is two- 
fold; it arises partly from the permanent 
magnetism of the ship, partly from the 
temporary or induced magnetism. The 
permanent magnetism of the ship is acquired for the 
most part during the process of building. The 
earth’s force acts on the iron, and the constant jar- 
ring in the process of construction enables it to in- 
duce a considerable permanent magnetization, which 
the ship carries with her to sea. The quantity and dis- 
tribution of this magnetism will depend greatly on the 
build of the ship (whether of wood or of iron), and on 
her position with respect to the magnetic meridian 
during building. A considerable portion of 
it is what Airy calls subpermanent; 7.e., it Permanent 
OnE Ne i Sas i and subper- 
diminishes gradually as the ship is worked. Tanne 
This magnetic settling down will take place magnetism. 
more rapidly in a steamer which is con- 
stantly agitated by the jarring of machmery than in a 
sailing ship, unless the latter be subjected to shocks 
from the impact of waves in rough weather. After a 
time the ship reaches a more or less stationary condi- 
tion as to permanent magnetism. Along with the 
phenomenon of subpermanent magnetism 
has to be classed what is sometimes called 
the sluggishness of ships’ magnetism; this 
arises from the fact that all the temporary magnetism 
of a ship which has sailed for some time on any one 
magnetic course in any one latitude does not at once 
disappear when the course or the latitude is changed, 
so that to the permanent magnetism of the ship has to 
be added a subpermanent magnetism depends on 
her course and position several days before. It is eyi- 
dent that the cause of disturbance at present under 
discussion is somewhat capricious, and can only be con- 
trolled by constant attention on the part of the mariner. 

The temporary induced magnetism depends on the 
ship’s position on the earth, and on her 
angular position relative to the magnetic 
meridian; but, so long as the iron in the 
ship or the position of the compass is not altered, the 
constants which determine it remain the same; the 
disturbance can be foreseen, and either allowed for or 

5 Phil. Drans., 1805. 6 Tb,, 1881. 

7 Ib., 1819 and 1832, ete. 8 Ib., 1836. 

9 Ib., 1839, etc. 

0 See Admiralty Manual. for the Deviation of the Compass, 4th ed., 


1874; also a very interesting obituary notice of Smith by Sir W. 
Thomson, Proc. Roy. Soc. Lond., 1874, 


First observa- 
tions of the 
deviation. 


Causes of 
deviation. 


Sluggish- 
ness. 


Temporary 
magnetism. 
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mechanically corrected with much greater certainty 
than in the case of the permanent magnetism. 


Mathematical Formule for the Deviation.—Let the origin be 
at the centre of suspension of the compass card ; and let the 
axes of x, y, and 2 be drawn in the direction from stern to 
head, in the perpendicular direction from port to starboard, 
and vertically downwards respectively, the ship for the pres- 
ent being supposed to be on even keel. Let P,Q, R be the 
components of the magnetic force parallel to these axes aris- 
ing from the permanent magnetism of theship; x, y, z the 
components of the earth’s force ; and 2’, y’, 2’ the components 


of the whole force at the centre of the compass card. Then 
hae a! =a-+-ae-+by+cz+P 
Bolen yay tae tay tet Q 208) 


a=aztgathy+ketR 

are, according to Poisson’s general theory, the fundamental 
equations of the subject. P, Q, R are constants depending 
on the permanent, and a, b, ¢, d, e, f, g, h, k constants de- 
pending on the temporary induced magnetism. 

By a synthetic process of great interest and importance 

‘ Wwe may show that the nine constants a, d, c, d, 
Ninerodsto ¢, f, g, h, k are all independent. For example, 


ee. if we place a rod of practically infinite length 
tion con- with its end before the binnacle, and stretch- 
stants. ing forward, or with its end abaft the binnacle 

and stretching aft, it will give rise to the term 
azin x’. If a be negative the rod must be finite and it 


must run under the binnacle, ending a little fore and aft; 
again, to represent dx, we must have a pair of infinite rods 
with their ends to starboard and port of the binnacle, and 
running fore and aft or aft and fore respectively, according 
as dis positive or negative; finally, to represent gz, a pair 
of infinite rods with ends above and below the binnacle, 
running fore and aft or aft and fore respectively. The 
reader will have no difficulty in completing the scheme, the 
rule being that the ends lie in the direction of «’, y’, or 2’, 

and the lengths in the direction of x, y, or 2. 
From equations (103) the deviation of the compass is ex- 
pressed in terms of the magnetic or of the 


Deviation compass course as follows. Let H be the hori- 
eek fem zontal force of the earth; H’ the horizontal 
and com- force of the earth and ship; 4 the dip; § the 


pass courses. “magnetic course,” 7.e., the azimuth of the 
ship’s head eastward from magnetic north; ¢/ 
the “compass course,” i.¢., the azimuth of the ship’s head 
eastward from the direction of the disturbed needle; 
6={-%' the easterly deviation of the compass. Then 


Gy ater F ae : 
+ sind—= A+B sint-+@ coss-+-4) sine’ +6 cos2s 
sas “ (104), 
U ( 
<n coss=1-+ 8 cost - © sin' + B cos2% - sing’ 
ter, a+e _d-b  a-e _d+b 
where A=—1-+4+“—*, A ae x? G ae 
Le. P Can Q 
—— 6 += == aa 
8 x (“tan +3) y( Stane +35) 
From (104) we get 
j— ot Bsin’ + Geos’ ++ Dsingx + & cos2v (105) 
1+ Beoss - Gf, sins+ B cos? - Esin2 ; ; 
which gives the deviation on any given magnetic course. 
From (105) we get by substitution [ (106), 


tan 


gin d= Acosd-+Bsini'+Ccos’’+-D sin(2’+8)+ G cos(2s’-+-8) 


an equation connecting the deviation with the compass 
course. 

When the deviation is not greater than 20° or so, then 
(106) may be replaced with sufficient accuracy by 


6=A-+Bsin’+Ccos$’-+ Dsin2i’/-++ Ecos 23’ (107) 


where a, ® , a, &, are nearly the natural sines of A, 
iByC, DE: 

"In the above it is supposed that the ship is on even keel. 
Effect of Strictly we ought to take into account both the 
heeling. pitch and the heel of the ship; in practice the 
pitch is always so small as to be of no conse- 
quence, but the heel, especially in a ship under sail, may 
be very considerable. When the ship heels through an 
angle i, the deviation is obtained from the above formule 
by writing a’, b+, etc., in place of a, b, etc., where 
aGj=a, bi=bcosi-csini, ci—ccosi-+bdsini, 
di=deosi-gsini, e—e-(f-+h) cosisin¢—(e—k) sin%, 
fi=f+(e-k) cosisini-(f--h) sini,  g;=gcosi-+dsini, 
hiz=h-+ (e-k) cosisini—(f-- h) sin23, 
ki=k-+( f--h) cosisin i+ (e-k) sin? 4, 

Pi=P, Q;=Qcosi-RKsini, Ri—Reosi+ Qsinz. 
If the soft iron be symmetrical with respect to the fore 
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| and aft central line, and if i be so small that its square may 
be neglected, then ° 


N=), Rs; 3B, Bi a G,—-£4 9, B,—B, 
C; —O45-( e-b-F) tanti= G+ Ji; 


and if 6 represent the deviation for the given compass 

course $’ when the ship heels i to starboard, d the deviation 
on the same course on even keel, then 

b= 6+ <4 4+ Fi cosy - 259 § cos 9%! (108). 

The part of the deviation which depends mainly on 

a is called the “constant deviation ;” it can 


only arise from horizontal induction on soft 
iron unsymmetrically placed. 


Constant 
deviation. 


; The part depending mainly on ® and C, viz., Beos {+ 
Csin§’, is called the “semicircular deviation,” 


because it vanishes and changes sign on two See 
di: Hee % ! lar devia- 
iametrically opposite compass courses, or neu- tion 


tral points. The principal coefficient of the 


semicircular deviation is ® =(ctané+ P/H)/\; ctané/d arises 
from vertical induction in soft iron before or abaft the 
compass; P/AH arises from the permanent magnetism of 
the ship. The second coefficient ¢ = (ftane + Q/H)/A 
consists of ftané/\, arising from soft iron unsymmetrically 
placed, and therefore in general very small, and Q/AH 
arising from permanent magnetism. ® can be reduced to 
zero by amagnet placed fore and aft with its centre in a 


transverse vertical plane passing through the compass, € 
by means of a transverse magnet in a fore and aft plane 
through the compass. 

In wooden ships the courses for which the semicircular 
deviation vanishes are nearly north and south; but in iron 
ships they approximate to those points of the compass 
towards which the stem and stern lay in building. 

The terms Dsin2,’-++ Ecos2s’, depending mainly on the 
constants a and &, are called the “ quadraifal 
deviation.” This part is alternately easterly 
and westerly in the four quadrants, vanishing 


.Quadrantal 
deviation. 


on four compass courses. a = (a-e)/2) is the principal co- 
efficient of the quadrantal deviation ; it depends on _ hori- 
zontal induction in symmetrically placed fore and aft or 
transverse soft iron. It is in general positive, and in that 
case can be reduced to zero by two transyerse rods with 
their ends symmetrically placed to starboard and port of 
the compass. In practice two hollow spheres an inch or so 
thick are used instead of the rods, The other coeflicient 
é=— (d-+-b)/2\ is in general small, as it depends on horizontal 
induction in soft iron unsymmetrically placed. It is only 
when the ship heels that this coefficient is in general of 
any importance. 

Whereas the semicircular deviation depends both on the 
geographical position of the ship and on the state of its 
subpermanent ‘magnetism, the quadrantal deviation is in- 
dependent of both, and can be corrected mechanically once 
for all, or allowed for by means of tables constructed from 
observations made in any one place. The amount of the 
semicircular deviation in England does not exceed 10° for 
wooden ships of war, but in iron-built ships it frequently 
exceeds 30° even at the standard compass. The quadrantal 
deviation in wooden ships does not often exceed 1° or 2°; 
in ordinary iron ships it ranges from 3° to 7°, but in some 
armor-plated iron ships of war it has reached as much as 
84° at the standard compass, and 15° for compasses less 
favorably placed. 

The chief part of the heeling deviation is the term 
Jicos,’, depending on the coefficient J=(e-k-R/Z)tané/. 
This coefficient may be reduced to zero by increasing or 
diminishing the earth’s vertical force by means of a verti- 
cal magnet under the compass. 

The usual way of ascertaining the deviations of a 
ship's compass is to ‘‘swing’’ the ship 
gently round so that her head comes into 
various positions, and to observe with the 
compass the magnetic bearing of some well- 
defined distant point (compass mark) on wey 
shore. The true magnetic bearing of this point is 
then ascertained, which may be done by taking the 
compass ashore, carefully placing it in a line joming 
the compass mark with the point on board at which 
the compass was formerly placed, and then taking the 
magnetic bearing of the mark once more. Care must 
of course be taken that there is no local magnetic dis- 
turbance at the shore station. The differences between 


Determina- 
tion of de- 
viations by 
“ swing- 
ing.” 
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the bearings on board and the bearing on shore give 
of course the deviations for the various positions of the 
ship’s head. 

When the deviations have thus been ascertained they 
may be either corrected by means of tables, by graphi- 
cal methods, such as the steering diagram of Napier or 
the dygograms of Smith, or mechanically as we have 
partially explained. For full details on the subject the 
reader should consult the Admiralty Manual on the 
Deviation of the Compass. 

Of late years Sir W. Thomson has devoted his great 
scientific knowledge and well-known practi- 
cal sagacity and inventive skill to che im- 
provement of the compass. By reducing 
the size of the magnets and increasing their number he 
has succeeded in reducing Airy’s apparatus for the me- 
chanical correction of the quadrantal deviation within 
convenient bulk, and by lightening the card and sus- 
pension of the magnets in a very ingenious manner 
(at the same time throwing all the remaining weight 
as much as possible to the circumference) he has re- 
duced ‘the friction on the pivot to a minimum while 
retaining a sufficiently long period of vibration to secure 
perfect steadiness. He has also contrived apparatus 
for facilitating the determinations of the deviation on 
different courses and of the heeling error.! 

The experimental investigation of induced magnetism 
fixperi- reduces itself mainly to the investigation of 
mental dif- the dependence of the magnetic suscepti- 
ficulties. — hility? « (or the magnetic permeability 7) 
upon the magnetizing force #. Confining ourselves 
to the strongly magnetic metals, iron, nickel, and 
cobalt, it will be seen presently that « depends, not 
only upon 4but a lsoupon the magnetic condition of 


the body at the actual moment when 4 is in action, 
and uponits previous magnetic history. « also depends 
greatly on the temperature, on the state of the body 
as to purity (notably in the case of iron and steel on 
the percentage of carbon present), and on the temper. 
Thus, if we make one experiment on a body by mag- 
netizing it in any way, we permanently alter its mag- 
netic properties, and can restore it to the magnetically 
virgin condition only by heating it to a high tempera- 
ture; but in this process we are very apt to perma- 
nently alter its molecular condition, so that, although 
magnetically indifferent, it is physically changed. 
Owing to the fact, already insisted upon, that we can- 
not infer the magnetic distribution inside a hetero- 
geneously magnetized body from its external magnetic 
action, and to the fact, presently to be established, 


that « varies with 9, it is of the last importance to 
choose the experimental circumstances so 
that both the magnetic field and the induced 
magnetization shall be uniform, or very ap- 
proximately so. A further necessity for the 
fulfilment of these conditions arises from the fact that 
we must in all cases be able to render an account.of the 
effect of the form of the magnetized body, because the 
true argument of « is not the strength of the original 


field but the whole force 4) due to the original field and 
the induced magnetism together. 

The simplest method for securing a uniform field 
whose strength can be controlled is to place 
the body inside a hollow cylindrical coil 
(usually called the magnetizing spiral), 
whose length so far exceeds that of the body that the 
disturbance arising from the ends of the coil-may be 
neglected in the neighborhood of the body., The re- 
sults in all cases where the length of the body or core 


Thomson’s 
compass. 


Import- 
ance of uni- 
form mag- 
netization. 


Uniform 
field. 


1 For a description of his compass see art. ComMPAss, vol. vi. p. 
203. Detailed descriptions of the compass with instructions for 
its adjustment are issued in the form ofa small pamphlet (Macle- 
hose, Glasgow, 1879.) ; 

2« is sometimes called by Continental writers the magnetiza- 
tion function. They have also a habit of speaking of the ratio of 
whole magnetic moment of a body of any form divided by its 
volume to the strength of the field in which it. is placed as the 
magnetization function for that particular form, This is a most 
inconvenient practice, and has ledito considerable confusion. 
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is nearly equal to or exceeds that of the coil are im- 
pure, and can only be used with the greatest caution 
in drawing general conclusions as to the value of «, 
The core should always be either exactly or 
approximately one of the caleulable forms, 
but preferably such that the dimension par- 
allel to the axis of the spiral very much exceeds the 
others, because in this case the effect of the form is of 
secondary importance compared with the effect of the 
susceptibility (see above, p. 247). Thus a very thin 
cylindrical core is convenient, because the force inside 
it differs very little from that of the undisturbed field, 
and any small difference can be easily calculated by 
supposing the cylinder replaced by a very elongated 
ellipsoid. On the other hand, a thick cylindrical bar 
is a bad form of core for the determination of «, both 
because the magnetizing force inside it is less than the 
intensity of the undisturbed field by a large quantity, 
which it is impossible to calculate, and because the 
magnetization at the end is not uniform, and the dis- 
turbance thereby arising is so great that it may mask 
the general character of the function « altogether. A 
further question arises as to how far the time during 
which a magnetizing force acts affects the resulting 
magnetization, whether temporary or per- 


Best form 
of core, 


His : Disturb- 
manent. Itis also important to consider ances at 
the disturbances arising during the make carly 

f eak, 


and break of the current in the magnetizing 
spiral. As the resistance in the circuit is usually 
small, and the self-induction and capacity sensible 
oscillatory currents may arise ; to these will correspond 
oscillatory magnetizing forces, which may even vary 
in sign. When we consider that the permanent mag- 
netization produced by any force may be very muc 
weakened or even altogether destroyed by a smaller 
force in the opposite direction, it is evident that we 
have no right to conclude that these disturbances espe- 
cially at break, will be without effect upon the perma- 
nent magnetization. In order to elude these difficul- 
ties, some experimenters have followed the practice of 
first establishing the current, then gently* introducing 
the core into its place, and finally removing it before — 
breaking the circuit. In this way the disturbances just 
alluded to are avoided ; but another difficulty is raised, 
for it is clear that in this operation the core passes 
through a heterogenous field before it reaches the final 

osition where the magnetizing force is uniform; dif- 
erent parts of it have therefore been subjected succes- 
sively to different influences, and we are not at liberty 
a priori to conclude that this fact will not influence the 
results. Perhaps the best plan would bé to place the 
core in its position, and allow the current to rise very 
slowly to the maximum value required, and then to 
fall slowly to zero. This, however, is not the place to 
dogmatize concerning the best method of experiment- 
ing; all that is necessary is to furnish the reader with 
points of view from which to criticise the experimental 
results now to be cited. 

In the researches of Lenz and Jacobi‘ the magnetic 
moment of the core was measured by the 


5 F mae ; Lenz and 
induction current in a secondary coil placed Jacobi. « 
upon the magnetizing spiral. A consider-  ©onstant. 


able portion of their work was directed to proving 
principles which we here take for granted, e. g., that 
the magnetizing force is independent of the thickness 
of the wire of the magnetizing spiral, of the radius of 
its windings, andso on. They concluded from these ex- 
periments that the magnetization is proportional to the 
magnetizing force; 7.¢., « is constant for a given qual- 
ity, etc., of metal. ‘The experiments of 
Joule,® which were made independently ikea 
about the same time, led in general to a similar result. 
His method consisted in measuring by means of a 
balance the attraction P between two electromagnets 
’ Carefully avoiding all shocks or tremors which exercise a ve: 
important influence on the induced magnetism, see below, p. 270, 
4 Pogg. Ann, xlvii., 1839, 


j 5 eh dc: Annals of Electricity, vol. iv., 1889; Phil. Mag., ser 
, Vol. ii. 
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actuated by the same current C. If the magnetization 
of the core were strictly proportional to the magnetizing 
force, 7.¢., to the current, then P would be’ proportional 
to C?, and P/C* would be constant. In most cases this 
was so; but in two cases, where the cores of the electro- 
magnets were very thin and the windings more than 
usually numerous, the ratio P/C? was found to decrease 
x decreases 28 the current increased. This shows that 
forlarge the magnetization tends to a maximum 
forces. value as the current increases, in other 
words, that, for very large values of 9, « decreases. 

Miiller,' using the method of deflections, arrived at a 
Mall similar conclusion. His cores were 56 em. 

er, > . 3 
long and from 9 mm. to 44 mm. thick, his 
magnetizing spirals from 48.2 cm. to 53.2 em. long; 
his results are therefore impure, and the empirical for- 
mula by means of which he represents them of com- 
paratively little importance; but the approach to a 
Maximum Maximum of magnetization (saturation) is 
ofmagnet- quite clearly demonstrated. He found, in 
A TAMOTLs accordance with theory, that if we increase 
the external magnetizing force (4) saturation is more 
quickly reached in thin than in thick bars. Somewhat 
similar experiments were made by Von Waltenhofen,? 
who deduces’ from some of his own experiments with 
very thin cores, and from the experiments of Miiller, 
Weber, and Dub, 167% to 2125 mm. mg. sec. units of 
magnetic moment per mg. of iron as the maximum of 
magnetization. This would give from 1317 to 1668 
C.G.8. units for the maximum magnetie intensity in 
iron. These numbers, derived from more or less im- 
pure results, are merely rough approximations, but 
they agree very well with those derived at a later date 
by methods less open to theoretical objections. 

The approach to saturation may be very neatly dem- 
Koosen’s onstrated as follows. The same current is 
experiment. sent through a galvanometer and through 
the coil of an electromagnet with a thin core. The 
electromagnet is so placed that its action on the needle 
of the galvanometer just compensates the action of the 
galyanometer coil for a particular strength of current ; 
the needle then points to zero. If now the current be 
increased, since the increase of magnetization does not 
keep up with the increase of the current, the action 
of the coil prevails, and the needle deviates accord- 
ingly. 

The most extensive and important of the earlier re- 
Wiede- searches into the general nature of magnetic 
mann’s induction are those of Wiedemann.® An 
researches. gnitome® of his results, with references to 
contemporary or preceding researches in the same di- 
rection, will put the reader in possession of almost all 
the more important general facts known until the 
quantitative experiments of Stoletow, Rowland, and 


- their followers gave a complete account of the general 


characteristics of the function «. 


In these experiments the method of deflection was 
used. The magnetizing spiral was placed 


Experi- F ‘ ; 
mental magnetic east and west, and in the continu- 
method. — ation of its axis was hung a magnetic steel 


mirror in a thick copper box to damp its oscillations. 
The deflections of this mirror, read as usual with a 
scale and telescope when the core was not in, gave a 
measure of the current; and the increase of the de- 


flection on introducing the core gave a measure of the 


magnetic moment of the core. The cores were cylin- 
ders 22 em. long, 1.35 em. thick, and the length of the 
spiral was only 24 em.,—so that perfectly pure results 
could not be obtained. ‘T’o compensate to some extent 
for the shortness of the spiral, the bars were gently 
drawn to and fro several times before being placed in 
the final position for which the reading was taken. In 


1 Pogg. Ann., 1Xxix., 1850. 
2 Sitzber. d. Wien. Akad., 1865. 
3 Poga. Ann., Cxxxvii., 1869, 
4 Koosen, Pogg. Ann., 1852; also Dub, Tb., 1853. 
5 pogg. Ann., @., 1857; Ib., evi., 1859; Ib., exvii., 1862. x 
: A Abridged from the author’s own work, Galvanismus, Bd. ii. #% 
sq. ; 
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order to measure the permanent magnetism the core 
was removed, the current broken, the core returned to 
its former position, and a reading again taken. ‘The 
conclusions arrived at were as follows: 

I. When a steel or iron bar is magnetized for the 
first time by a current C, the temporary 
moment K produced during the action of the 
current at first increases faster than the cur- 
rent, then more slowly, and finally tends to 
a maximum, as shown by Joule and Miiller. 
The period of quicker increase is more marked in long 
than in short bars; it shows itself even on remagnet- 
izing bars that have been several times magnetized and 
demagnetized. As C increases, the maximum of K is 
reached sooner in thin and long bars than in short and 
thick bars. Between the period of increase of K/O and 
its period of decrease there is no period of any con- 
siderable length for which it is constant. This last fact 
may be shown by means of the experiment of Koosen 
described above; viz., if the compensation be made 
for very small currents, when the current is increased, 
at first the electromagnet prevails, and the needle goes 
to one side of zero, then the current in the coil pre- 
vails, and the needle returns towards zero, and finally 
deviates on the other side. 

The point at which the ratio K/C has its maximum 
for any particular electromagnet is called by Wiede- 
mann the “turning point’’ (Wendepunkt). The turn- 
ing point relates to the body as a whole, and the value 
of the external magnetizing force 4), for which it occurs 
depends both on the form of the body and on the 
nature of the metal. It has therefore no very definite 
physical meaning. It must be carefully distinguished 
from the ‘‘ saturation point.’’? Any element of a body 
is said to be magnetized to saturation when no increase 
of the magnetic force can increase its magnetization 
any farther. Itmay happen, however, that some parts 
of a body are magnetized to saturation while others 
are not. With regard to the turning point, Dub’ has 
shown that with similar and similarly wound cores the 
turning point occurs for the same value of the current. 
This is of course in agreement with an obvious corol- 
lary of the general theory of magnetic induction.*® 

II. In a freshly? magnetized bar the permanent 
moment which remains after the action of the current 
has ceased at first increases quicker than the producing 
current; but for stronger currents a turning point is 
reached; and then the moment increases more slowly 
than the current, and approaches a maximum. 

IIT. In attempting to destroy the permanent mag- 
netism of a bar by means of a demagnetizing current, 
it may happen that a current, which, during its action, 
already produces a temporary magnetic moment of 
opposite sign, still leaves on ceasing to acta Tnesen 
permanent magnetic moment of the same Oo ion 
sign as before, although less in amount.!? easier than 
On inereasing the demagnetizing current Sa 
still farther the permanent moment is at ; 
last destroyed. In this process the permanent mag- 
netism decreases faster than the demagnetizing current 
increases,—so that the current required to destroy a 
given permanent magnetisnr is less than the current that 
originally produced it." 

When afresh bar has been magnetized with 
any permanent moment, and then demag- 


Maximum 
of magnet- 
ization and 

turning 
point. 


netized by a current — 0’, opposite to the Vint pe 
magnetizing current O, a second applica-  ,Pacmas- 
tion of —C’, or of any weaker current in the netized bar. 


same direction, will not produce a reyerse 

permanent moment, although a current 07 in the same 
direction as C will magnetize the bar permanently in 
the original direction more or less strongly. It follows 


7 Pogg. Ann., 1868. . 

8 See Thomson, quoted by Joule, Phil. Trans., vol. exlvi., 1856. 

9 That is, after being heated white hot to destroy all pre-exist- 
ing magnetism. “ 

9 See Poggendorff, Pogg. Ann., 1852. - 
ll This result had also been arrived at by Abria, Ann. d. Chim 
etd. Phys., 1844; and by Joule, Phil. Mag., 1847; Phil. Trans., 1855. 
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therefore that demagnetizing by an opposite magnetic 
force, although it may destroy the permanent magne- 
tism of a body, does not render it magnetically indif- 
ferent, as heating to a white heat would do, The body 
remains in fact more easily magnetizable in one 
direction than in another. 

V. In certain cases a fresh bar was magnetized by 
a current C, and then partly demagnetized; it was 
then found that a current C was required to bring it 
back to its original permanent moment. 

VI. In another case a fresh bar was magnetized by 
a current OC to permanent moment K, then reduced 
by a demagnetizing current C’ to permanent moment 
K/’, then by a direct current C’ less than C brought 
to permanent moment K’’”. It was then found that 
a current C’ was necessary to bring it back to perma- 
nent moment K’; and this held whether K’ was posi- 
tive, zero, or negative. 

VIL. When a bar is repeatedly magnetized and 


demagnetized by currents of the same 
Repeated 


magnetiza- intensity, the permanent Imagnetic mo- 
tionand ments corresponding to a given force be- 
poueener come, to begin with, alittle greater than at 


first; to begin with, they increase faster 
than the magnetizing force, though not so fast as at the 
first. ~The turning point, however, occurs for a weaker 
current than before. The magnetization obtained with 
the strongest current gradually decreases a little. The 
moments left by the demagnetizing current decrease 
less rapidly than before, so that a current at first 
capable of demagnetizing the bar altogether leaves 
after repeated magnetization and demagnetization a 
slowly increasing residual moment. After a large 
number of repetitions of the operation of magnetiza- 
tion by a current C and demagnetization by a current 
—(’, the bar finally reaches a constant state, so that 
each magnetization and demagnetization leaves a cor- 
responding invariable permanent moment. When we 
pass beyond the limits C and-C’, these phenomena 
are repeated in the same order as before’. 

VIII. All the above phenomena are most clearly 
seen in hard steel, less clearly in soft steel 


compara and iron. For small magnetizing forces 
nentmag. the temporary moment in hard steel is less 
netismin than in soft steel, and greatest of all in soft 
hee iron. The general rule is, the harder the 
and in material the less the temporary and the 
softiron. greater the permanent moment for a given 


magnetizing force. 

IX. If, however, we consider the ratios of the tem- 
porary moments in soft steel and iron to the tempo- 
rary moment in hard steel, all for the same force, then 
these ratios decrease gradually as the force increases ; 
so that the temporary moment in soft iron reaches its 
maximum sooner than in soft steel, and still sooner 
than in hard steel.® 

The earliest experiments from which definite values 
of « have been calculated are those of 
Weber.t A cylindrical bar, 10.02 em. long 
and .36 em. thick, was placed inside a spi- 
ral so long that the magnetizing force throughout the 
length of the bar could be assumed to be uniform. The 
moment of the bar was measured by the method of 
deflection, the action of the spiral on the deflected 
magnet being compensated by means of a part of its 
own circuit suitably arranged. The intensity of the 
current in the spiral was found in absolute measure by 
means of a tangent galvanometer. Assuming that the 
bar could be replaced by a very elongated ellipsoid, 
Kirchhoff calculated by means of the theory explained 
above (p. 250) the values of « for values of 4 ranging 
from 29.6 to 248.4 (C.G.S. units), and found that it 
decreased steadily from 25.0 to 5.6. In the experi- 

1 Similar conclusions were arrived at by Ritchie, Phil. Mag., 1833 ; 
Jacobi, Pogg. Ann., 1834; Marianini, Ann. Chim. et d. Phys , 1846. 

2On the same subject see Joule, Phil. Trans., 1856; also Von 
Waltenhofen, Pogg. Ann., 1864. 


8 Similar results by Plucker, Pogg. Ann., 1852 and 1855. 
4 Electrodynamische Maasbestimmungen, Bd. iii. 2 26. 
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ments of Von Quintus Icilius® bars were used which 
had been reduced by filing as nearly as pos- 
sible to the form of ellipsoids of revolution. 
The magnetic moments were measured 
partly by the deflection method, partly by the method of 
electromagnetic induction. In this last method a sec- 
ondary spiral is placed upon the magnetizing spiral, 
and the induced current in it, caused by reversing the 
magnetizing current, is observed first when the ellip- 
aa isin the magnetizing spiral, secondly when it is 
not. When these currents are known in absolute 
measure, the moment of the ellipsoid can be caleulated, 
The experimenter did not himself reduce his results 
so as to obtain «, but contented himself with remark- 
ing that the ratio of the whole moment of the ellip- 
soid K to the strength of the undisturbed field Ho 
reached a maximum as 4)o was increased, this maxi- 


mum occurring for smaller values of 4 the more 
elongated the ellipsoid. The true meaning of his 
results was brought out by Stoletow,® who . 
reduced them, and established the interest- Shae sain 
ing fact that, as the magnetizing force’ 

increases from very small values, « at first increases 
rapidly, then reaches a maximum, and afterwards de- 
creases more slowly. For one ellipsoid « increased 
from 30.5, for # =.24, toa maximum 120.4, for 8 
= 4.56, and then decreased to the value 39.4, for 
4) = 30.07. In another, the initial value was 20.1 
for 4) =.518, the maximum yalue 107.5 for H = 4,92, 
and the final value 2.86 for # = 454.1. 

Thalén, adopting a method indicated by Weber,® 
determined the value of « for small magne- 
tizing forces. Long bars were placed in the 
axis of a cylindrical coil considerably ex- 
ceeding them in length. This coil was caused to ro- 
tate 180° about a horizontal axis, so that the mag- 
netization induced by the earth’s vertical force 
was reversed relatively to the coil. The current 
thus caused was measured by means of the swing 
of a galvanometer in circuit with the coil; from. 
this (see above, p. 241) the moment of the induced 
magnetism was calculated; and thence, assuming the 
bar to be replaceable by an ellipsoid, « was calculated. 
From three bars of the same metal each 400.4 mm. 
long, having diameters of 36.4, 29.94, and 23,87 
mm. respectively, the values of « deduced were 
32.32, 31.80, and 32.64. or other specimens of iron 
he found values of « ranging from 27.24 to 44.23. 

A set of observations on ellipsoids of revolution were 
made by Riecke,® by the method just de- hi 

: 5 < é iecke, 
scribed. he ellipsoids, seven in number, 
were all cut from the same piece of soft iron, but 
varied in volume and in eccentricity. The resulting 
values of « were found to be independent of the volume 
of the ellipsoids and of the part of the iron from which 
they were cut; but on the other hand, with one slight 
exception, they increased with the eccentricity of the 
ellipsoids. Kohlrausch, in communicating these re- 
sults to Poggendorff’s Annalen, remarked that they 
stand in contradiction with the theory of Poisson and 
Neumann; in so saying he probably considered the 
constant vertical force of the earth (49) to be the argu- 
ment of the function «: but this is not so, as Stoletow 
points out in the paper already quoted. The actual 
magnetizing forces are greater in the more elongated 
ellipsoids; and Riecke’s results simply prove that for 
values of 4) varying from .031 to .072 « increases from 
13.5 to 25.4. 

In order to establish the initial increase of the mag- 


Quintus 
Icilius. 


Thalén. 


5 Pogg. Ann., exxi., 1864. Similar results were obtained by 
Oberbeck, Pogg. Ann., CXXXV., 1868. 

® Pogg. Ann., exlyi. p. 443, 1872. ; 

7% here means the whole magnetizing force, arising partly 
from the inducing field and partly from the induced magnetism. 
Experimenters have needlessly complicated the already com- 

lex problem of ferro-magnetic induction by neglecting the all- 
important distinction between § and Ho. 

8 Abh. d. Gott. Gesellschaft, BA. 6. 9 Pogg. Ann., exli., 1870 
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netization function « beyond all doubt, Stoletow (J. ¢.) 
made a new set of experiments on a care- 


Stoletow's fully annealed iron ring! of rectangular sec- 
eee tion (exterior diameter 20 cm., interior 


diameter 18 em., height 1.47 em.). The 
ring was carefully wound throughout with a primary 
coil of m (= 800) windings ; over this, in one or more 
shorter or longer stretches, was wound a secondary coil 
of n’ (=50 to 750) windings. The induction current 


- in the secondary, due to the reversal of a known cur- 


rent 7 in the primary, was sent through a galvano- 
meter, and thus measured. If E be the electromotive 
force of this current, then (see above, p. 247) H= 
4nn/i(4exM+P), where M and P can be calculated 
from the dimensions of the ring and its primary coil. 
All then that is necessary is to know K/7 in absolute 
measure. We refer the reader to the original paper 
for the details of the measurements. The results are 
very interesting, and fully confirm the conclusions 
drawn from the results of Von Quintus Icilius and 
Riecke. 
responding value of « 21.5; the maximum value of « 


‘was 174, for 4) =3.2; the last value observed was | 


«= 42.1, for # = 30.7. ‘The temperature varied from 
15° C. to 20° C., but it appeared from the experiments 


that « did not alter much for moderate changes of tem- | 


perature. In figure 34 is given a transcription of the 
curve that represents the results of Stoletow’s experi- 
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The smallest value of 4 was .43, and the cor- | 
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ments; the abscisse represent the values of ¥® in 
C.G.S. units, and the ordinates the corresponding 
values of «. 


About the same time as Stoletow, and independently, 
Rowland? made a much more extensive 


series of experiments, the results ot’ which noe s 
form one of the most important contribu- edie 


tions yet made to our knowledge of mag- 

netic induction. The experiments were made partly 
on very long bars: but the published results were 
mostly obtained from rings, it fee been found that 
the effect of the ends of the bar was sensible even when 
the length was as much as 144 times the diameter. 
About a dozen rings of iron, nickel, and cobalt were 
used; the section was circular in all cases; and a 
primary and a secondary coil were used as in Stoletow’s 
experiments. ‘The primary current was measured by 
means of a tangent galvanometer in which 1, 3, 9, 27, 
or 48 coils could be brought into operation according 
to the sensibility required. The induction current in 
the secondary was measured by the swing of a Thom- 
son’s galvanometer fitted with a heavier needle than 
usual. he indications of this last were reduced to 
absolute measure by taking the swing caused by turn- 
ing over a horizontal coil of known area, inserted in its 
circuit, so as to produce the full induction current due 
to the earth’s vertical force. In order to obtain the 
total induced magnetization the primary current was 


Fie. 34, 


reversed. ‘To obtain the permanent magnetism it was 
simply broken ; this gives the part of the induced mag- 
netism that disappears with the inducing force (tem- 

orary magnetism Rowland calls it); subtracting this 
Sanh the total magnetization, we get the permanent 
magnetization. Care was taken in these experiments 
always to work with magnetizing forces of ascending 
magnitude, as it was found that the effect of any force 
is considerably modified if a greater force has previ- 
ously acted on the body,—in other words, that the 
magnetic permeability of iron or steel is much affected 
by pre-existing permanent magnetism. This fact raises 
an objection to the ring method; for permanent mag- 
netization in a ring is not easily discoverable, and 
would give it a one-sidedness, so that a magnetizing 
force would produce much more alteration when ex- 
erted in one direction than it would when exerted in 
the other.? Rowland publishes about thirteen different 
tables, relating to rings of iron and steel in different 
states, and also to nickel and cobalt, under different 


1 A method suggested by Kirchhoff, Pogg. Ann., Ergbd. y., 1870. 
2 Phil. Mag., 1873, 1874, 
8 See Rowland, Phil. Mag., (4), 48, p. 336; also above, p. 257. 
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conditions as to temper, magnetization, and so on; the 
results for cobalt are, however, held to be less satisfac- 
tory than those for iron and nickel, for a variety of 
reasons which he assigns, 

In treating his results graphically, two methods are 
followed. In the first the magnetic induction B is 
nlotted against the magnetizing furce 4) as abscissa. 
Weare 34 shows the curve obtained im this way 
from one of his tables. In the second method (1) the 
permeability # is plotted against the magnetic induc- 
tion 4, or (2) the susceptibility « is plotted against the 
intensity of magnetization J. Hither variety of the 
second method leads to a curve having the general 
form shown in figures 35 and 36. 


The curves obtained, whether for ~ and 8, or for « 
and a, fall very rapidly, and ultimately to all appear- 
ance almost straight, towards the axis of B or J. This 
suggests that 8 or J or both reach a maximum 
when 4) is increased indefinitely. Supposing such an 


increase of 4 possible, the question arises as to which 
it is that actually reaches a maximum. Most experi- 
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menters seem to assume that J does so, but it must be 
remarked that this is simply an assumption.’ Several 
delicate points of great physical interest might be dis- 
cussed here, but it will be sufficient to refer the reader 
to the introduction to Rowland’s second paper. 

The general conclusions to be drawn from these ex- 
periments are as follows :— 

1, The magnetic properties of iron, nickel, 
and cobalt at ordinary temperatures differ 
in degree but not in quality. 

2, As the magnetizing force #) increases from 0 up- 
wards, the permeability of iron, nickel, and cobalt in- 
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creases until it reaches a maximum, and after that 
diminishes down to a very small value. The maxi- 
mum value’ is reached when the metal has attained a 
magnetization of from .24 to .38 of the maximum. 
The following table will give some idea of the order of 
the magnitudes involved ; #) denotes the permeability 
for H =0, #’ the maximum permeability, and #/ the 
force for which it occurs. In some cases the actual 
maximum is given, in other cases simply the greatest 
recorded in the tables of experimental results, and the 
values of ¥ are stated roughly ; strict accuracy is of no 
consequence, owing to the great variability of all the 
magnitudes. 

The smallest permeabilities (for large forces) ob- 
served were—for iron 258, for 4} = 64; for steel 246, 

ap A a 

for # = 48 ; for nickel 41, for 4) = 131; for cobalt 55, 
for H = 147. 

1 All the more so that it has been found by some experimenters 
that the curve («§) actually has a point of inflection and becomes 
convex to the axis of 3 for very large values of 3. 

2 Baur, Wied. Ann., ii. p, 395, 1880, has remarked that the inten- 
sity of magnetization corresponding to the maximum permeability 
seems to be about the same for different sorts of soft 1ron; e.g., for 
two of the ellipsoids of Von Quintus Icilius it is 550 and 540; for 


Stoletow’s ring, 550; for Baur’s ring, 540. It would seem that it is 
much higher for steel, judging by Rowland's tables. 
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ja 

Shape Material. Temper. | State. |a,| a |B 

Ring. | Very fibrous iron wire.| Annealed.|/Burnt, 120)1106} .. 

Bar. |Soft wire. Sy D4 180/2467| .. 
Ring. |Burden’s best iron, is Normal, |352)2475} 2.5 
i % e % Magnetic.|216/2459| 2.4 

M, a 2 Carefully 

annealed.) Burnt. 544/3621| 1.6 

“  |Norway iron. uf Normal, |720/5515} .. 
es a Magnetic./440/4656 1.2 
‘«  |Bessemer steel. Natural. |Normal. |200)1281| 5,6 
Bar. |Stubbs’ steel, “s Be 76| 331 25.0 
Ring. |Cast Nickel. Annealed. “ 38] 169 11.6 
Us s at 15° C./Natural. u » vik 2221192 
A“ “« at 12°C a Magnetie.}. . | 224! 8.8 
4 at 220° C, bs _ 314, 5.3 
“« |Cast Cobalt at 5°C. gt Normal. - | 142°18.9 
o : at -5° C. 4 Magnetic.|..| 144 16.8 
ut Ms at 280° C. 8 cS 236 10.1 

| 


3. The curve showing the relation between « and J, 
or between # and %, is of such a form that a diameter 
can be drawn bisecting chords parallel to the axis of 
4 or 8, and its equation is approximately 


y=Boin(S tee ? 


where y=« or vw, «= d or B, and b,d, B,D are con- 
stants. 

4, If a metal is permanently magnetized, its permea- 
bility is less for low magnetizing forces, but is unaltered 
for high magnetizing forces. This applies to the per- 
manent state finally attained after several reversals of 
he magnetizing force; but if we strongly magnetize a 
B bar in one direction, and apply a weak magnetiz- 

ing force in the opposite direction, the change 
of magnetization will be very great. 

5. Iron, nickel, and cobalt all probably have a maxi- 
mum of magnetization, although its exist- 
ence can never be entirely established by 
experiment, and must always be a matter 
of inference. If such a maximum exists, 
then at ordinary temperatures it will be 
roughly as follows :— 

For iron when 33 =17,500, or when J = 1390; 
For nickel when #4 = 6,340, or when g =4945 
For cobalt when 43 = 10,000, or when a = 800.8 


6. The permeability of any metal depends on the 
quality of the metal, on the amount of permanent 
magnetization, on the total magnetization, and on the 
temperature. 

7. The permeability of nickel and cobalt varies very 
much with temperature. In nickel for a 


aximum 
intensity of 
field and of 
magnetiza- 
tion. 


moderate amount of magnetization the per- ae ee 
meability increases with rise of tempera- 
ture, but for high magnetization it decreases. This is 


very well shown in fig. 86, where the permeability 
curves for 15° C. and 220° C. intersect each other. In 
cobalt, on the other hand, the permeability appears to 
be always increased. ‘The permeability of iron is not 
much affected by moderate changes of temperature. 

8. The maximum of magnetization of iron and- 
nickel decreases with rise of temperature, at least be- 
tween 10° C. and 220° C., the first very slowly, the 
second very rapidly. At 220° C. the maximum for 


’The maximum of magnetization for soft iron was caleulated 
from the observations of various experimenters by Von Walten- 
hofen (Wien. Ber., 1869; or Pogg. Ann., CXXXVi.). e finds 1670, or 
thereby, for the maximum intensity of magnetization. Stefa: 
using Rowland’s graphical method (Wien. Ber., 1874), had foun 
1400. Fromme (Wied. Ann., xiii., 1881), who had himself actually 
observed an intensity of as much as 1031, examined the curye for 
«and J, and found, in agreement with Haubner ( Wied. Beibl., v., 
1881), that there is a point of inflection about J — 1200; taking this 
into account, be finds for the maximum value of ¥ 1730, asa 
mean of results varying between 1720 and 1750. From a result of 
Weber’s (Eee. Maasbest., p. 573) he calculates the value 1737. 

For the maximum permanent magnetization of steel, Weber 
(Res. d. Mag. Ver., 1849) gives 314 (common. steel magnet); Von 
Waltenhofen (Pogg. Ann., 1871) 369 (glass hard wolfram steel) ; 
Schneebeli (Wied. Galv., Bd. ii. 2 308) 557 to 671 (sewing needles 25 
to 66 mm. long and .6 mm. thick), and 765 to 882 (knitting needles 
198 to 210 mm. long and .83 to 1.75 mm. thick). Itmust be remem- 
bered that the maximum of permanent magnetization which a 
body can attain is essentially conditioned by its form; since the 
more elongated the form the less the demagnetizing force arising 
from the existing magnetization. 
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iron is 8 = 17200 or J = 1360, and for nickel ® =4900 
or Jd = 380. 

The researches of Stoletow and Rowland have un- 
doubtedly made clear the main phenomena of magnetic 
induction ; but in so doing they have raised a host of 
other questions which have not as yet been settled. 
There is no lack of recent work bearing on them, but 
it would be a difficult matter to give succinctly a com- 
plete account of the conclusions arrived at. The re- 
sults of the different experimenters are not seldom 
contradictory, and the circumstances of experiment are 
often so complicated that criticism with the view of 
reconciling them seems hopeless.in the meantime. 
While, therefore, we shall give a fairly complete list 
of the literature, the reader must not expect in this 
article an exhaustive analysis of the different memoirs 
that have recently appeared. Any remarks we shall 
make have chiefly for their object to call attention to 
the prominent questions that have been raised by the 
different workers. 

Riecke! made a series of experiments on ellipsoids of 
Experiments Soft iron ; he expresses his results in terms 


with ellip- of p the magnetization function for asphere, 
ee ee finde as he ought to do, that, for a 
Riecke, considerable range of values of the magnet- 
pe as izing force, p is appropriately constant.? In 


is bad, for the quality of metal only begins to affect p 
about the fourth or fifth decimal place. Similar ex- 
periments on spheres and ellipsoids of soft iron were 
made by Fromme ;3 and a very extensive series by A. 
LL. Holz on ellipsoids of iron and steel, in which he 
gives tables and curves showing the values both of p (to 
a large number of decimals) and of «; and the values 
of the temporary, permanent, and vanishing magnet- 
isms fora considerable range of magnetizing forces, 
The results, although wanting in regularity and smooth- 
ness for the harder kinds of steel, agree in the main 
with those of Stoletow and Rowland. Holz enters 
largely in this and in a former paper® into speculations 
concerning the effect of the molecular structure of the 
metal upon its magnetic properties. 

Relating more particularly to the phenomena of the 
permanent and temporary magnetization 
of steel we have important memoirs of re- 
cent date by Bouty, Fromme, and Auerbach. Bouty’s 

apers,® besides copious references to the general 
Tau of the subject and interesting critical discus- 
sions of magnetic theory, contain the results of careful 
investigations as to the permanent magnetization at- 
tained ‘by repeated applications of magnetic force un- 
der various circumstances, and verifications of the for- 
mule of Green for the magnetic distribution in thin 
needles and cylindrical bars of steel. ‘Two points as to 
his methods are worthy of notice. He employs a very 
simple method of measuring the magnetic moment of 
small pieces of steel: a small needle of 


Bouty. 


Measure- nae : 
ment of moment 7 attached to a stiff stem, which 
small carries a mirror, is freely suspended and 
moments. 


allowed to come to rest in the magnetic 
meridian ; the needle whose moment « is to be mea- 
sured is then inserted into a tube fixed to the stem with 
its axis at right angles to the former needle. The 
deviation @ of the compound system being measured by 
means of a mirror, we have «=m tan a. He studies 
the magnetic distribution in very thin hard needles by 
the method of rupture, finding that, if the 
needle be carefully broken, so that the dis- 
tortion or shock caused by the bending does 
not extend far from the point of rupture, the magnetic 
moment of the different parts is little, if at all, affected. 
For thicker magnets he uses the ordinary method of 
deflection. 
1 Pogg. Ann., exlix., 1873. 
2 = Bd = .2387, : 

8 Pogg. Ann.,clii., 1873. This paper contains also some results 
as to the permanent magnetism of soft iron. 

4 Pogg. Ann., Ergbd. vili., 1877. 

5 Pogg. Ann., Cli., 1873. 

6 Comptes Rend., 1875; Jour. d. Ec. Norm. Swp., 1875, 1876. 


Rupture of 
needles, 


point of fact this method of representation | 
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Bouty found, in agreement with Hermann Scholz 
and Frankenheim,’ that, although the con- 
tinued application of a magnetizing force oh! 
does not increase the resulting permanent application 
magnetization, the repetition’ of its applica- ° ing tice, 
tion will. He finds for the magnetic mo- 
ment y of a thin needle passed « times through a mag- 
netizing spiral the formula y = A-B/x, where A and 
B are constants: e. g., in one case, A = 57.78, and 
B= 6,32. The ratio A/(A-B), that is, the ratio of 
the moment attained by an infinite number of applica- 
tions of the magnetizing force to that attained by one, 
decreases as the force increases; on the other hand, if 
R’ be the force required to produce by a single 
application the same effect as R produces by an infinite 
number, he finds the ratio R’/R fairly constant? (viz., 
from 1.060 to 1.065 in his best experiments) for values 
of R ranging from 10 to 42. In certain cases where 
the magnetization was effected by induced currents, he 
finds the formula y = A + B (1 - e-*) to represent 
the results better. '° 
He found that Green's formula, 
y= Aa, 2 esBu = eal 
B Bart _-ipx/’ 
B= B , 


a 


where 


giving the moment of a cylinder of length a and 
diameter a, was sufficiently accurate both for tempo- 
rary and for permanent magnetism, and for hard or 
soft-tempered steel, whether saturated or not, provided 
the bars were in a virgin condition before magnetiza- 
tion. For example, in a saturated bar of’ soft steel 
(4 =7mm.), for the temporary magnetism A = 4.081, 


B = 1/7.142; for the permanent magnetism A = 2.34, 
B=1/17.857. In a non-saturated bar of soft steel 
(a = 10 mm.), for temporary magnetism A = 9966, 


B= 1/7.142; for permanent magnetism A = .723, 
B = 1/17.857 ;_ so that B is independent of the mag- 
netic force. With hard-tempered bars, A was less, 
both for temporary and permanent magnetism, than 
with soft bars; B was independent of the magnetizing 
force for temporary magnetism, but increased for per- 
manent magnetism with large magnetizing forces. He 
calls the magnetic distribution long or short according 
as B is small or great, and explains the phenomena of 
demagnetized or remagnetized bars by the superposi- 
tion of long and short distributions. His final conclu 
sion is that there is a greater independence between 
permanent and temporary magnetism than is usually 
admitted; and he starts a theory that magnetic bodies 
are composed of a mixture of two kinds of magnetic 
molecules, one kind retaining all the induced magnet- 
ism, the other wholly devoid of coercive force. 

It is obvious, from the results of Wiedemann, Frank- 
enheim, and Bouty just alluded to, that 
the assumption made in the mathematical 
theory, that the effect of a magnetizing 
force is independent of the previous magnetic history 
of the body, is not even a first approximation to the 
actual truth. It becomes a matter of importance 
therefore to study the modification in the induced 
magnetism corresponding to any force produced by 
the forces that have preceded it. This effect has been 
called by German experimenters the magnetic after- 
effect (Magnetische Nachwirkung). Fromme and 


Magnetic 
after-effect. 


7 Pogg. Ann., exxiii., 1864. 

8 In a very interesting pager (Phil. Mag., 1869 and 1870) dealing 
with certain phenomena of induced currents, Lord Rayleigh in- 
cidentally arrives at the conclusion that the magnetizing force of 
a current depends on its maximum intensity more than on its 
duration, or on the whole quantity of electricity that passes. This 
observation has an important bearing on certain experiments of 
Bouty as to the effect of the “extra current,” which it does not 
seem necessary to mention here. 

9 This conclusion is not in agreement with the results of Fromme 


10 The formula y = B(1—e~") was used by Quetelet for the 
moment induced in a steel bar by rubbing it x times with a 
magnet. 
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Auerbach have recently occupied themselves with this 
subject, and it may be of some interest to the reader 
to indicate a few of their conclusions. 

In his first paper' Fromme experiments with rota- 
tional ellipsoids of soft steel, using partly 
the method of Weber, Thalén, and Riecke, 
partly the ordinary method of deflection. He found, 
in the first place, that the generalized theory of mag- 
netic induction was applicable for values of 4) varying 
from .0061 to .132, 
from 23.5 to 8.68. He attempted to find the maxi- 
mum force for which permanent magnetism first ap- 
nears, and fixes it with some reserve at from .2 to .3.? 
The curve which he indicates for the temporary mag- 
netization of soft steel has two points of inilection, 
being first concave to the axis of 4), then convex, and 
finally concave again. ‘ 

He confirms the observation of Frankenheim that 
repeated applications of the magnetizing force increase 
the permanent magnetization up to a certain limit, and 
finds that when that limit is reached the body behaves 
towards all smaller forces having the same direction as 
if it were devoid of coercive force. Experimenting on 
ellipsoids permanently magnetized in this way, he 
found the mathematical theory of Kirchhoff to be in- 
applicable, it being impossible to fit the results obtained 
with the different ellipsoids together; and the dis- 
crepancy was greater with the softer than with the 
harder steel. For forces that are not sufficient to alter 
the permanent magnetization, « decreases with de- 
creasing force, as is the case with soft iron, so long at 
all events as the forces are not very great; and, again, 
for such forces the variation of « 1s more regular the 
greater the permanent magnetization. 

The oe of impulses required to saturate with 
permanent magnetism was greater the greater the ratio 
of the moment of saturation to the initial moment, e.g., 
greater for hard than,for soft steel. It was found, in 
extension of a result of Frankenheim’s, that, if U be 
the original moment, R, that produced by one and R 
that produced by an infinite number of impulses of the 
the magnetizing force, then (U + R,)/(U + R) is 
tolerably constant; but R,/R decreases with increas- 
ing magnetizing force. 

With reference to the non-permanent magnetism of 
a bar repeatedly magnetized by the same constant 
current, he concludes from his researches that it dimin- 
ishes, but in such a way that the total induced mag- 
netism remains constant,—so that what is lost in non- 
permanent is gained in permanent magnetism. 

In his second paper® Fromme experimented both 
with iron and with steel cylinders, pointed at the end, 
of lengths varying from 140 to 220 mm., and of thick- 
nesses from 1.5 to8 mm. The method of deflection 
was used, the effect of the magnetizing spiral itself 
being compensated by an auxiliary spiral suitably 
placed. The cores were carefully introduced into the 
zpiral after the current was established, removed be- 
fore it was broken, and then replaced when the per- 
manent magnetism was determined. 

In the following extract from his conclusions Tn de- 
notes the total induced magnetization, Ra the whole 
residual or permanent magnetization, Vn the non-per- 
manent or vanishing magnetization, after m impulses 
of a given magnetizing force, the suffix being dropped 
when the number of impulses is not in question, and 
replaced by o when the number is so great that by 
further increasing it no alteration in the effect is 
produced. 

A constant force greater than all preceding induces 


Fromme. 


Varying a T which varies with successive impulses, 
eee OF , Sometimes increasing, sometimes decreas- 
impulses on Ing. If a bar previously heated white hot 
temporary be subjected to a large force, successive im- 


magnetism. pulses usually give a decrease of T. If, 
s 
1 Pogg. Ann., Ergbd. vii., 1875. 
2 So far confirming Maxwell’s conelusions from his modification 
of Weber's theory of molecular magnets, E/. and Mag., vol. ii. 4445. 
3 Wied. Ann., iv., 1878. 


« decreasing between these limits | 
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however, the force is preceded by one somewhat 
smaller, successive impulses usually give an in- 
crease. It depends merely on the magnitude and the 
number of impulses of the preceding force P whether 
the repeated impulses of a force p will give an increas- 
ing or a decreasing T. 

R always increases with successive impulses until 
the limit is reached, and always faster than 
T; hence increase of R and decrease of V 
go hand in hand; the magnitude of this 
increase depends on P and p, and ap- 
proaches zero with P — p. 

In order that the action of a force p may not be 
influenced by the after-effect of smaller forces preced- 
ing it, it must be applied so often that its further 
application ceases to increase R. When saturation for 
Ris thus reached, then ‘I’, R, and V have the values 
corresponding to frequent impulses of p for a fresh 


Effect on 
permanent 
magnetism. 


ar. 

R,/R~, RJR, ete., all starting from unity, de- 
crease as the force p increases from zero, diverging 
more and more until they all reach minima for the 
same value of p; they then converge again towards 
unity, which they all reach at the maximum of per- 
manent magnetization. The values of p corresponding 
to the maxima of Ra/p,.... Rp, R,lp are in 
ascending order of magnitude, and the first of them 
is the value corresponding to the minima of R,/Roo, 
R,/Rz, ete. 

What was stated for R/R~, R/R», ete., holds 
word for word for T,,/T,, T/T,, ete. Hence the 
decrease of T is conditioned solely by the increase of R; 
so that it would appear that the after-effect of a pre- 
ceding force P depends on the R which it produces. 
It would therefore be more correct to say that the 
after-effect depends on x - R than to say that it de- 
pends on p - P. 

When a bar has been magnetized by any force P, all 
smaller succeeding forces leave R unaltered, yet by 
repeated impulses of p (< P) T decreases until it 
reaches a certain limit. We may repeat the process 
as often as we please by always beginning with a new 
application of a larger force P; if we vary P, keeping 
p constant, Ty, Ty, ete., vary, but the limit T, is 
always the same. In these experiments it was indif- 
ferent whether a few seconds or several hours elapsed 
between the applications of P and p; time had no 
influence on the vanishing of this species of 
magnetic after-effect. On the other hand, 
several impulses of the greater force gave 
no more after-effect than a single impulse, of what- 
ever duration. If N denote the after-eftect of a greater 
force P upon the action of a smaller p, the law of the 
phenomenon is 


Laws of 
after-effect, 


N= cp%(P-p)?, 

where ¢ is a constant and a and 6 are constant positive 
numbers, 6 being a proper fraction, and a@ possibly very 
near unity. This of course gives N = 0 for p = 0 and 
for p = P, and gives a maximum value of N for some 
value of p between 0 and P. 

The interposition of a force P’ between P and p in- 
creases the after-effect if P’>P, diminishes it if P’<P; 
and this holds irrespective of the sign of P’ — p. 


If we denote by & the suecen of a effect on 
ranishi ] 1 yanishin, 
body for vanishing magnetism (V) induced eat 


by any force p, the question arises how far : 
this is influenced by the permanent magnetism R in- 
duced by preceding greater forces. Jamin holds that 
ke is approximately, and Chwolson that it is absolutely, 
independent of such permanent magnetism. Fromme 
finds that, when a force p, capable of itself producing 
a permanent magnetism 7, acts on_a bar_already pos- 
sessing a permanent magnetism R>r, then / is in- 
creased (by the presence of R) if R-7 is small, but 
diminished when R —-~+ is great. The after-effect for 


4 These conclusions are in agreement with the results of Her- 
wig obtained from experiments on the longitudinal and circular 
magnetization of iron tubes, Pogg. Ann. clyi. 1875. 
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small forces p may therefore be either increase or de- 
crease of k; but for large forces p it is always in- 
. crease. 

At the conclusion of his paper Fromme points out 
the contrast between magnetic and elastic after-effect, 
and dwells upon the analogy between his results and 
those of Thalén' concerning the limits of elasticity in 
solid bodies. 

The experimental method followed by Auerbach? 
was much the same as that of Fromme, 
except that the core was left in the magnet- 
izing spiral during the make and break of the current. 
The core was generally a hollow cylinder of soft iron 
148.1 mm. long, 17.8 mm. in diameter, 1.6 mm. thick, 
with end plates 1.5 mm. thick. He distinguishes two | 
kinds of magnetic after-effect. The first kind consists | 
in alteration of the magnetization of the body during 
the action of a constant force, or after it has ceased to 
act. The second kind is that already mentioned, in 
which the action of any force is influenced by preced- 
ing forces. It is this second kind of after-effect that 
is dealt, with in the paper from which we are quoting. 

The leading peculiarity of his view of the phenome- 
non is the introduction of the force zero, both as a pre- 
ceding and as a final force. The fundamental prin- 
ciple iid down is the following — 

When the force p, which, following immediately 
His general after the force 0, would produce a mag- 
law of after- netization Ty, is preceded by a series of 
effect. forces P,, P», . .P,, the magnetization 
which results is T, differing from Ty by an amount N | 
called the after-effect. N is wholly determined by the ' 


SACL 


K 


first of the preceding forces Pz, which is such that all | 
the forces that act between P:, and p lie in magnitude. 
between P. and p. 

This general law is, however, subject to exceptions. 
For example, let the whole series of forces acting be 
Pio, p, Ps, p (evidently an extreme case), then experi- 
ence shows that neither Ty nor Ts is the resulting | 
magnetization, but something intermediate, much 
nearer to To, however, than to Ts. In order to obtain 
To a force Po<p must be interposed before Po; even 
then the magnetization varies a little with Po, but, if 
the stationary condition for Ps, p be established by 
alternating Ps,p many times after applying Po, thus Pro, 
Pp, Po, Po, p,. Ps, p, Po, p, . . . . the limit is found 
to be independent of Py, and is held to be the true 
value of Ty. — 

In this way, for a given p, T can be determined as a 
function of P. It is necessary, however, to attend to the 
following principle,—that, of two preceding forces lying 


a 


1 Pogg. Ann., exxiv., 1865. 
2 Weed. Ann., xiv., 1881. 
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in magnitude on different sides of p, the second 
determines the after-effect exclusively only when it 
differs more from p than the first; in other cases both 
contribute to the after-effect ; in no case does the first 
exclusively determine the after-effect. In the case 
where both preceding forces lie on the same side of p, 
the exceptions to the general law are far less marked ; 
only where the second force is very nearly equal to p 


| does it exercise a disturbing influence on the after-effect 
| of the first. 


The process used for obtaining T as a function of P, 
for a given p, say 10, is therefore to cause the influ- 
encing forces to alternate with the influenced, the suc- 
cession of the former being such that the one preced- 
ing p always differs less from p than the one following. 
The stationary condition is supposed to be established 


‘for each pair as above explained; e.g., starting with 


P= 11], the series might be 11, 10, 8, 10, 13, 10, 6, 
10\16,10;, 4,10, ete; In> this: way Ty, Ta, Dye, :ete., 
can be determined. 

When the values of T are plotted against the values 
of P, the curves corresponding to different values of p 
have all a similar character (see figure 37). 


They consist of two congruent parts lying Curves 
on the two sides of a point of inflection, eae 
which is the only point that has any marked —_magnet- 
character. ‘To the right of the inflection a 
the concavity is towards the axis of P, to effeet. 


the left in the opposite direction. The in- 

finite branches appear to approach asymptotes parallel 
to the axis of P. The abscissa of the point of inflec- 
tion for any particular curve p is P =p; the ordinate 
is I>, which may be called the normal magnet- 
ization corresponding to p when p alone has 
acted before. This, of course, is an ideal case ; 
but a process is indicated for determing T) di- 
rectly.2 The dotted curve in the figure is the 
curve of normal magnetization, whose abscissa 
and ordinate are p and Tp. 

From the symmetry of the curves represent- 
ing the after-effect Auerbach concludes that the 
after-effect of forces on opposite sides of p as to 
magnitude, and equidifferent from it, is equal 
and opposite, and ascribes the failure to observe 
the after-effects of forces smaller than p to the 
interposition of the force zero. He further 
concludes that the after-effect depends in the 
same way on P—p as 'l'p depends on p. 

There is one of the curves of after-effect, 
pe tat Viz, TOF D o, which has a special 
meaning. It is clearly the curve of permanent 
or residual magnetism, which is thus in Auer- 
bach’s view a particular case of after-effect. 
To it we can apply the general rule given above, 
subject of course to like exceptions. 

It would be premature to pronounce any opin- 
ion as to the ultimate value of Auerbach’s re- 
sults; but the elegance of his representation of the phe- 
nomena will scarcely be disputed. In the latter part of 
his paper he applies his views to explain the peculiarities 
in the curve of magnetization with forces of ascending 
magnitude obtained when the after-effect is neglected, 
and the cyclical process discussed by Warburg. He 
also discusses the influence of the duration 


of the impulse of the magnetizing force and rend 
of the sudden closing and opening of the and re- 
current. His conclusions agree in the main petition 
with those of Fromme: in particular he in- ea 


clines to Fromme’s view® that there is a 


3 A particular case of this process is interesting and practically 
important; viz., in order to demagnetize a core (i.e¢., to find Tp) 
possessing a moment T. Apply in succession the forees - P, + 
(P - «), - (P-2e), + (P-3e), ete., down to 0,P being chosen of 
sufficient magnitude, rather too great than too small (the smaller 
« the better). 

4 Wied, Ann., Xiii., 1881; ef. Fromme, Ib., xiii., 1881; also Him- 
stedt, Zb., xiv., 1881. A similar phenomenon was observed by 
Meyer and Auerbach during their experiments on the gramme 
machine, Wied, Ann., v., 1878. 

* See an elaborate paper which we can only mention here, 
Wied. Ann., v., 1878. 
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specific magnetic effect produced in certain cases by the 
breaking of the current while the core is in the spiral. 
This effect in certain cases (with short thick cores) is 
so great that a permanent magnetization of opposite 
sien to the total induced magnetism remains.' ‘This 
‘anomalous magnetization’? was first observed by 
Von Waltenhofen,? who also establishes the more 
general result, of which this is an extreme case, viz., 
that the residual magnetism of the core depends upon 
the rapidity with which the magnetizing force is re- 
duced to zero, Auerbach lays down as a general 
principle that when the variation of the magnetizing 
force is slow and continuous the velocity of the transi- 
tion does not influence the final magnetization ; but sud- 
den transition causes the final magnetization to be less 
or greater than that obtained by gradual transition, ac- 
cording as the passage is from a greater to a less or 
from a less to a greater force. 


The reader who wishes to pursue the present subject far- 
ther should consult the works of the following experi- 
menters -— 

Jamin,* who holds what he apparently regards as a new 
Additional theory of magnet ization. It is in point of fact 
literature, merely a modification of the theory of solenoids, 

somewhat restricted in its application to the 
phenomena of magnetic induction, His special point is that 
the lines of magnetization in a bar magnetized (say) by 
& magnetizing spiral only penetrate to a limited depth, 
which is greater the greater the current. The following ex- 
periments! are adduced in confirmation of his views. ‘The 
steel tube of a Chassepot rifle was plugged at both ends by 
screwing into it bolts of the same metal. Inside was placed 
a cylindrical rod, It was found that, so long as the current 
in the spiral was not very great, the rod was not sensibly 
magnetized; but, as the current increased, it became more 
and more affected, and by and by was as much permanently 
magnetized as if the enveloping tube had been absent. 
Again, the rod having been magnetized to saturation and 
inserted in the tube, a demagnetizing force was applied to 
the whole, and it was found possible to render the tube and 
core together seemingly neutral, or even oppositely mag- 
netic, while the rod when taken out proved to be still 
powerfully magnetized in the original direction. Again, a 
bar was magnetized by a powerful current, and then mag- 
netized in the opposite direction by another current. The 
surface of the bar was then eaten away to a certain depth ; 
and it was found that the original magnetization reap- 
peared, These experiments, although most interesting in 
themselves, do not appear to warrant the interpretation 
which their author puts upon them. Jamin has made ex- 
tensive researches on the magnetic distribution in bars and 
ribbons of steel, partly with a view to obtain empirical 
rules for the construction of powerful permanent magnets, 
in which he has been very successful. 

Gaugain, Comptes Rendus, passim; Ann, d. Chim. et d. Phys., 
(5) xi. 

Christiansen, ‘‘ Researches on the Magnetic Distribution 
in an Iron Bar, on one part of which is placeda Short 
Magnetizing Spiral,” Wied. Beibl., i., 1877. 

Ruths, ‘ Veber den Magnetismus weicher Eiseneylinder 
und verschieden harter Stahlsorten” (Dortmynd, 1876), 
Wied. Beibl., i., 1877. 

Whipple, “ Induction Constants of Permanent Magnets 
of various shapes, from the determination at Kew,” Proc. 
Roy. Soc. Lond., 1877. 

Oberbeck, ‘‘ Ueber die Fortpflanzung der magnetischen 
Induction im weichen Hisen” (Halle, 1878), Wied. Beidl., 
ji., 1878, 

Kiilp, “ Experimentaluntersuchungen tiber magnetische 
Coércitivkratt,” Carl. Rep., 1880. 

Baur, “ Experiments with an Iron Ring on the Mag- 
netization Function for very small Forces,” Wied. Ann., xi., 
1880. 

Riecke, “On the Experimental Test of Poisson’s The- 
ory,” Wied. Ann., xiii. p. 485, 1881, 

Siemens, a very interesting paper, “On the Effect of the 
Magnetization of Iron in any Direction upon its Permea- 
bility in the Perpendicular Direction,” Wied. Ann., xiv., 
1881. 

Righi, “ Contributions to the Theory of the Magnetization 
of Steel,” Mem. d. Ace. d. Bologna, 1880; Wied. Beibl., v., 
1882. 

1 Experiments on the same subject have been made by Righi. 
Comptes Rendus, 1880, or Wied, Beibl., iv., 1880; and by Bartoli and 
Alessandro, N. Cim., 1880, or Wied, Beibl., iv., 1880. Cy. Fromme, 
Wied, Ann,, xiii., 1881 2 Wien. Ber., 1863. 

8 Comptes Rendus, passim, 4 Comptes Rendus, 1xxx., 1875. 
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For a succinct account of several of the foregoing me- 
moirs, see the “ Nachtrage” to Wiedemann’s Gulvausmus, 
and a paper by the same author in Poggendorff’s Annalen, 
clyii. p. 257, 1876. 

Influence of the Hardness and Structure of Iron and 
Steel on Permanent Maynetism.—Some in- — ypguenee 
formation has already been given inci- of hardness 
dentally on this subject, and a lengthy dis- Pc ak 
cussion would be out of place here. The 
statements of the various authorities are very contra- 
dictory. This is not to be wondered at; for those best 
qualified to prepare the materials for experiment are 
generally deficient in the scientific knowledge requisite 
to enable them to form a sound judgment as to the re- 
sult, while thoroughly trained scientific men have not 
as arule acquired a command over the delicate ma- 
nipulation of the forging and tempering of steel, an 
art which those who possess'it usually find difficult to 
deseribe in words or reduce to rules. There is the 
further circumstance that many who haye been guc- 
cessful in making good steel for magnetie or other pur- 
poses have found it for their interest not to publish 
the process by which success was attained. 

Tineness of grain and uniformity of temper are the 
greatest requisites in steel for permanent ypineness of 
magnets. ‘The latterin bars of any size is grain ana 
never attained in perfection, for the surface Uniformity 
f Ca © of temper. 
is always harder than the intérior. The 
mischief which thereby arises may be understood by 
taking the extreme case of a thin steel tube magnet- 
ized to saturation, and then fitted with a perfectly 
soft iron core. It is clear that the core will act very 
much like the armature of a horseshoe magnet; the 
lines of force will run back through it, and the exter- 
nal action will be in a great measure destroyed. 

The different tempers of steel may be roughly classi- 
fied as glass hard, straw color, blue, and soft. The 
current statement is that the harder the steel the more 
difficult it is to magnetize, but the better it retains its 
magnetism. If this were so, provided sufficient mag- 
netizing force to produce saturation were at command, 
the best temper for magnets would be glass hard. La- 
mont, however, whose experience was great, states 
that he found the loss after magnetization to be as 
great, and to continue as long, with glass hard as with 
blue tempered magnets. The same experimenter gives 
it as his opinion that great differences in the quality of 
magnets arise more from defects as to homogeneity, 
continuity, and uniformity of temper than from the 
quality of the steel in other respects; he inclines, 
however, to a preference for Knglish cast steel. 

Purity and homogeneity of structure are equally 
necessary in iron of high magnetic inductive suscepti- 
bility and small coercive force. Hammering, rolling, 
and drawing diminish the susceptibility and increase 
the coercive force. Rolling does so more in the di- 
rection of rolling than transversely, so that the iron be- 
comes aolotropic. It is advisable in all cases where 
high susceptibility is wished to anneal the body care- 
fully after manufacture, by heating it in a wood fire 
and allowing it to cool very gradually ; this process is 
still more effective when the iron is covered all over 
beforehand with half an inch or so of clay. 


The reader who wishes for further details on this subject 
should consult Lamont’s Handbuch des Magnetismus, chap. y- 
The following references to the literature may be useful. 

Michell, Treatise of Artificial Magnets, 1750; Coulomb, 
Mém. de ? Acad., 1784; Barlow, Phil. Trans., 1822; Kater, 
Phil. Trans., 1821; Sabine, Phil. Trans., 1843; Hansteen, 
Pogg. Ann., 1825; Hicker, Pogg. Ann., 1848; Poggendorff, 
Tb., 1850; Miller, Jb., 1852; Matthiessen, Phil. Mag., 1858 ; 
Airy, Ib., 1863; Von Waltenhofen, Pogg. Ann., 1864; Tréve, 
Comptes Rendus, 1869; A. L. Holz, Wied. Ann, v., 1878; 
Ruths, Wied. Beibl., i. 1877; Cheesman, Wied. Ann., 1882. 

Special Magnetic Character of Nickel and Cobalt.—Besides 
the results of Rowland above quoted, we have on record 
experiments by the following physicists :—Biot, Traité de 
Phys., 1806; Gay Lussac, Ann. d. Chim. et d. Phys., 1824; 
Lampadius, Schwegger’s Jour., 1814; E. Beequerel, Comptes 
Rendus, 1845; Plucker, Pogg. Amn., 1854; Arndtsen, Jb., 
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1858; Hankel, Wied. Ann., 1877; Beequerel, Ann. d. Chim. 
et d. Phys., 1879; Gaiffe, Comptes Rendus, 1881; Wild, Wied. 
Beibl., 1877. 

Experiments with Finely Divided Magnetic Metals and with 
Electrolytic Iron.—These have been made by various physi- 
cists, mostly to test the theory of molecular magnets. 
The earliest of the experiments with finely divided iron 
was made by Coulomb, who mixed iron filings with wax, 
and found that the magnetic moment was proportional to 
‘the mass of magnetic metal. Similar experiments were 
made hy the elder Becquerel,’ his result being that the 
magnetic mement was proportional to the weight of mag- 
netic substance, so long as the filings were not too densely 
distributed ; with increasing density the mixture acquires 
magnetic properties more like those of a continuous metal- 
lic mass. Several modern experimenters have gone into 
the matter with considerable care; but their results are 
not sufficiently concordant, or of sufficient general interest, 
to justify usin dwelling at length upon them here. A few 
references to recent memoirs will sutlice. 

Boernstein, Pogg. Ann., 1875; Toepler and Von Ettings- 
hauseu, Jb., 1877; Von Waltenhofen, Wied. Ann., 1879; 
Auerbach, Ib., 1880; Baur, Ib., 1880. 

Experiments on electrolytically deposited iron have been 
made by Beez, Pogg. Ann., 1860; Jacobi, Ib., 1873; Beez, 1b., 
1874; Holz, [b., 1875; Baur, Wied. Ann., 1880. 

Using a fine scratch on a varnished silver wire as elec- 
trode, Beez deposited a thread of iron between the poles of 
an electromagnet, and thus obtained a permanent magnet 
of extreme tenuity. It was found that the inductive sus- 
ceptibility of this linear magnet was very small, and that 
considerable magnetizing force produced no inerease of its 
permanent magnetism. Thus in one casethe original mag- 
netism was 360, the total magnetism under the inducing 
force 370, the magnetism remaining after the force ceased 
to act 360. Broader, but equally thin, magnets deposited in 
a strong field in the same way gave more temporary mag- 
netism than the linear magnets, but never more permanent 
magnetism than they possessed originally. Thicker plates ex- 
hibited greater temporary magnetism, and also an increase 
of the permanent magnetism acquired during deposition. 
With continued reversals of the magnetizing force elec- 
trolytic iron gave a continual decrease of the temporary 
magnetism down to a certain limit (as does steel) ; but the 
negative permanent magnetism never approaches so near 
the positive after many reversals as in the case of steel. 
On the other hand, Jacobi found that iron reduced 
electrolytically from ferrous sulphate and sulphate of 
magnesia, even after tempering, took a considerable 
temporary moment,but retained very little permanent 
magnetism. Holz found that the iron reduced from 
the solution of Jacobi and Klein was not sensibly 
hardened by heating and suddenly cooling, although 
its density was increased, and that its coercive force 
was diminished. On the other hand, it was found 
that hard tempering decreased the density of steel. He 
draws the conclusion that the coercive force is greater the 
farther apart the molecules. Baur’s main result is that the 
maximum of magnetization with electrolytic iron occurs for 
much larger forces than with ordinary iron. These results 
are not wholly concordant; but the discrepancies may be 
reasonably assigned to differences inthe preparation of the 
metal. 


Maaenetic Propertres oF MATTER IN GENERAL. 


Among the earliest statements of the properties of 
the loadstone we find accounts of its action on other 
bodies ; but it isclear from their surroundings that these 
statements are purely fabulous. Many experimenters at 
a later date found indications of magnetic action in 
other metals besides iron ; but with praiseworthy caution 
they ascribed them for the most part to the admixture 
of small quantities of iron.? There can be no doubt 
Early that the results of Cavallo’ obtained with 
eee brass (especially hammered brass) were due 

eRe. to impurity, for Bennet* failed to obtain any 
indications of magnetism with pieces of brass made from 
pure zine and copper, whereas he was immediately suc- 
cessful on adding small traces of iron to the metal. 

It very soon appeared, however, that an independent 
magnetic property must be ascribed to nickel and co- 

1 Traité Complet du Magnétigme, chap. ii. p. 73. 

2 Cf. Lehmann, Nov. Comm. Petrop., 1766; Brugmans, Magnetis- 


mus seu de Affinitatibus Magneticis Observationes Academicxe, Leyden, 
1778; Coulomb, Mém. de V Inst., 1812; Biot, Traité de Physique, 1816, 


ete. 
8 Phil. Trans., 1786; or Treatise on Magnetism, 1787. 
4 Phil. Trans., 1792. 
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balt, and to these were by and by added with more or 
less certainty manganese and chromium. 

Brugmans® seems to have been the first to observe 
the repulsion by a magnet of a body not permanently 
magnetized. He found that a piece of bismuth float- 
ing upon mercury in a small paper boat was repelled 
by both poles of a magnet. ebaillif? confirmed the 
observation of Brugmans, and found that antimony 
possessed alike property. Saigey,® who experimented 
on the same subject, concluded that all bodies when 
suspended in air behave like bismuth, unless they con- 
tain traces of iron. 

Notwithstanding these results and others which we 
pass over,® the whole matter remained in obscurity till 
the repulsion of neutral bodies was rediscovered by Fara- 
day in 1845. He speedily unravelled the  Faraday’s 


laws of the phenomenon, showing how redis- 
much depends on the nature of the body, and fail 
and how much upon the nature of the investi- 
magnetic field. His observations enabled eRe 


him in fact to comprehend under a few general princi- 
ples the action of all magnetic bodies whether of the 
nature of iron or of the nature of bismuth. The 
earlier observers had fallen into difficulties by neglect- 
ing the effects due to heterogeneity of field; these 
were pointed out for the first time by Faraday, and 
since then order reigns where there was formerly con- 
fusion. 

The best arrangement for testing the behavior of 
weakly magnetic bodies is to suspend either 


a small sphere of the substance or else a pos 
small cylinder in a heterogeneous magnetic —arrange- 
field. his field is usually produced by oe 
placing two pointed soft iron poles (fig. ing 
38), on the arms of a powerful electro- | Weakly 
magnet. The line joining these poles is hediecs 


called the aaial direction of the field; di- 
rections perpendicular to this line are called equatorial. 


The magnetic force varies along the axial line, being 


Fie. 38. Fig. 39, 
less in the middle than at the poles; and it decreases 
| everywhere from the axial line outwards. For some 
urposes poles of the shape shown in figure 39 are used ; 
qe the lines along the upper edges of the poles are 
lines of greatest force, whereas the line in the plane of 
the upper faces equidistant from the upper edges is a 
line of weakest force; the force also decreases to the 
right of ab and to the left of ed. 

In suspending small spheres the best plan is to hang 
them from one end of an arm of wood db (fig. 40). At 
the other end of this arm is placed a counterpoise 6, 
and the whole is suspended by a fibre of unspun silk 2a 
from a torsion head ¢, by means of which the arm db 
can be brought into any required position, and if 
necessary kept there by the exertion of a known tor- 
sional couple. ‘The arm and suspension must be care- 
fully guarded from draughts by enclosing it ina glass 
case, which fits over the poles of the electromagnet, 
and is provided with a door and with means for bring- 
ing the torsion head ¢ over any given part of the mag- 
netic field. When a cylindrical piece is to be tested 
it is suspended from the fibre w so as to hang horizon- 
tally. lor this purpose Faraday was in the habit of 
using a stirrup of carefully selected writing paper at- 
tached to the lower end of the fibre. It is of the ut- 
most importance to guard against magnetic action on 
the suspension; the least trace of iron in the arm du for 


5 Ritter, Gilb. Ann., 1800. 6 Loe, cit. 

7 Pogg. Ann., 1827. 8 Bull. Univ. d. Se., 1828. 

® See Von Feilitsech, Karsten’s Pncy., Bd. xvi.; Wiedemann’s 
Galvanismus, Bd. ii., p. 546, 
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inwianed, or inthe paper alirrip, Would: in many eases 
he move thin wulficient (o mask the wetion proper to a 
wonky magnotio body, In every experiment the 
mapenebio behavior of the support Phanie ho bowtod by 
Himalf bafovohand, po that at any rowldial affeet be 
ponent may be allowed for, ‘The prentest omution 


in aldo vequinile ta chooming (he material to be experi 


l' 


pent | 


es \ ; 


haa 
(& 23 


a — 


Terri t ts 


I 


Wia, a, 


montod upon, Thoro muat be no chomieal impurity, 
ompootally no trace of irony the sphoros and oplinders 
Mint Hob bo workod with iron Coole or oven with dirty 
hands, A source of error to be apookiully guarded 
vwiinal in exporhmonty with motalsy, or other good con 
duetor, ih the wedion ariaing frou: indueed currents in 
the nad ol the toxted body eaused by the inerease and 
dooveawo of (ho atvongth of Cho magnotio feld when 
the olvoult of the oloetvommgnot is made and broken, 
hin oor ia wholly avoided) by waiting Gl the sus 
pondoud body haw come to vost, aud attonding only to 
dotlootions which aro permanent aflor tho intonsity of 
tho fold law become atondy, 

Mho fivat ubatanoe with which Maraday experimented 
was a bar of the hoavy glass with whieh he 
had dissovered the rotation of the plane of 
polarivation of Tight, Th took up the 
oq uatorial position betwoon the poles ot the eloetro 
MAQHOL As MOOD aA Cho CuUNPENnt Was extablished, There 
Was no divtinetion betwoon ita ends, or according to 
the diveotion of the tines ef force; tho bar always took 
tho shortest course to the equatorial position, and 
Setting of romatnod thove ty atable equilibrium, When 
elongated cae in Cho axial position it was in unates 
oction to equilibrium, and on the slightest displee 
and mont either way itmoved off in that direc: 


Holavlor 
of hoavy 
Alina, 


tranetatlon  *) \ had 4 
ofaphoros — tlon to the equatorial position, A tarther 
sen avotion was observed when the bar was 


placed with tis conte of mass out of the 
1 Soe Maraday, Ayp, des, 2900 ag, 
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contre of the field; it was then repelled as a whole 
away from the nearest polo (no matter which), On 
losing & small oube or sphere of the substance, no 
pointing (endeney was observed, but the mass as a 
whole whon ib was plicod unsymimetrically with respect 
to the poles tended to pass away from the poles 
towards the contve of the field, and from the axial 
ling oubwardy, 

Waraday sums up the matter by saying that every 


élomont of the heavy glass tends to move Expert- 

4 , 

(yom places of atronger to places of weaker mente 

i} & 

resultant magnetic force, ‘This is exactly law of 
: i Pe ee | | DhMrenas 

the opposite of the law for bodies like iron notius 

(woo Inathomationl thoory above, p. 248), and dia- 

All bocdios that follow the same law as netiok, 


hoavy gliss he calls dimeagnetios, all that 
follow the opposite law, like iron, paramagnetios. Ror 
the purposes of ox porimental demonstration it is better 
to take some weaker paramagnetic than iron, eég., a 
tubo filled with a solution of fervie chloride; for the 
order of magnitude of the effect obtained is then the 
aio ad With diamagneties, and there is no danger of 
complications arising from the mutual action of the 
particlos of the sabstianee (seo above, p. 247). 

Maraday found the following substances to be dia- 
magnotio; Le, pleeos of them tended to set their 
lonwost dimension equatorial between pointed poles, 
and suletes and cubes of them tended to pass from 
places of stronger (o places of weaker foree ;-rock 
oryatal, sulphate of lime, sulphate of ba tii ee 
ryta, sulphate of soda, sulphate of pot> inagnetios, 
ash, sulphate of magnesia, alum, muriate 
of ammonia, chloride of lead, chloride of sodium, 
niteato of potash, nitrate of lead, carbonate of soda 
looland spar, acetate of lead, tartrate of potash and 
antimony, tartrate of potash and soda, tartarie acid, 
citrie aeld, water, alcohol, ether, nitrie acid, sul- 
shiie acid, muriatio acid, solutions of various alka- 
ino and earthy salts, glass, litharge, white arsenic, 
iodine, phosphorus, sulphur, resin, spermacett, caffeine, 
cinchonia, mareurie acid, wax from shellac, sealing 
wax, olive oil, oil of turpentine, jet, caoutehoue, sugar 
atareh, gum arabie, wood, ivory, mutton (dried), beef 
(dried), blood (dried or fresh), leather, apple, bread, 

In tosting liquids Maraday used a very thin glass 
tubo of the form shown in figure 413 the 

tot E ets ot emanates ih Liquids, 
Oponing being very fine, there was no need 
fora cork or other stopper which might have eanged 
disturbance; tho slight diamagnetic offeet arising from 
(ho glass was allowed for, 
Another way of testing a 
liquid? is to plaooit in the 
bottom of a wateh-glass 


Which rests on the edgos We. 41, 
of the pole of the eloctro= 

MANO, When the fluid CR 
is paramagnotio, it collocts Peake 

in the places of greater 

f{oroo, forming a depression WG, 42, 
in the eontro of the field 

as in figure 42) when it is 

dimmagnotio, it eolloets in 

the places of weaker foroe Wre, 43, 


in the eentvo of the field, 
as in fig, 43. Yet another method® is to put a small 
quantity of the fluid ina narrow tube, and place the 
tubo horizontally in Che equatorial line so that the end 
of the Hquid column is just on tho axial line. When 
tho clootromagnet is excited the liquid will be driven 
away fyom the axial line or drawn m according as it is 
diamagnetic or paramagnetic, : 
Waraday found that breaking a weakly magnetic body 
into pieces, or even reducing ib to powder, poweers, 
yrodueed no effect upon ite magnetic be- 
vavior provided its general form was unaltered, Tn 
order to avoid disturbance from the magneerystallie 


*PiWeker, Pvgy dem, 48. 8 Quet, Compiles Rendus, 1854, — 
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effect to be described presently, it is often advisable to 
reduce certain substances to powder before testing 
them; the powder is filled into a thin glass tube and 
then tested like a liquid. By means of powdered bis- 
muth the tendency of a diamagnetic to pass from 


places of stronger to places of weaker force | 


mers can be very prettily shown. If the powder 
magnotic be strewn upon the circular end of the core 
and dia of an electromagnet, it will leave the edges 
ee are and collect in the centre, whereas iron fil- 


ings will leave the centre and arrange them- 
selves round the edges, the fact being that at the edges 
the force is much more intense than in the centre.! 

Faraday arranges the metals in the following order 
of descending magnetic susceptibility ;— 


Paramagnetic, 


Tron. Chromium, Palladium, 
Nickel. Cerium. Platinum, 
Cobalt. Titanium, Osmium, 
Manganese, 

Diamagnetic. 
Bismuth. Mercury. Arsenic, 
Antimony. Lead, Uranium. 
Zine. Silver. Rhodium, 
Tin. Copper. Iridium. 
Cadmium, Gold. Tungsten. 
Sodium. 


Silicium is given as strongly paramagnetic, and 
beryllium,’ aluminium, potassium, and so- 
dium*® as weakly magnetic ; the last three 
were given as diamagnetic by Faraday ; the 
magnetic character appears to depend on 
the method by which the metal is aieaeat being 
doubtless determined by the presence or absence of 
slight impurities. ‘The copper of commerce is mag- 
netic, owing to traces of iron; but when it is reduced 
by means of zine from the chloride or sulphate it is 
diamagnetic. It would appear that the paramagnet- 
ism of titanium, palladium, platinum eh osmium is 
due to iron impurity.* Platinum® reduced from yery 
pure chloroplatinate of ammonium by heating in a 
current of air is diamagnetic. According to Graham 
the magnetism of palladium when charged with hy- 
drogen is due to the presence of hydrogenium ; Blond- 
lot,® however, has recently found that palladium is 
less magnetic when charged with hydrogen than when 
uncharged, from which he concludes that condensed 
hydrogen is pretty powerfully diamagnetic. Tellurium, 
sulphur, selenium, and thallium are strongly, and nio- 
biwm and tantalum weakly diamagnetic. 

Magnetic Properties of Glases.—The earliest results 


Additional 
list of 
metals, 


Wittnsé of Faraday were of a negative description, 
sults. but the discovery by Bancalari’ of the power- 


ful diamagnetic action of flame again drew 
the attention of Faraday,® Pliicker,® and Becquerel”® to 
the subject. Faraday caused the gas under examina- 
tion to stream vertically upwards or down- 


: ), . . . 
aa § wards (according as it was lighter or heavier 
ments. than the surrounding gas) between the poles 


of an electromagnet, and observed how 

the stream was deflected. In the case of’ colorless 
gases the deflection was observed by allowing small 
traces of hydrochloric acid to mix with the gas, and 
then placing in different parts of the field small tubes 
containing pieces of filter paper moistened with am- 
monia; by noticing in which of these the white fumes 
of ammonium chloride were formed the course of the 
gaseous current could be determined. Another method 
employed was to fix two thin vlass tubes containing 
gases to be tested to the ends of a cross piece on one 
end of the arm of a torsion balance; the tube contain- 
jing the most magnetic then moved towards the axial 

1 This fact explains the astonishing behavior of a flat disk of 
thin iron when placed on the centre of the pole. 

2 See Wiedemann, Galvanismus, Ba. ii, 3 552. 

§ Laing, Ann, d. Chim. et d, Phys, 1857. 

4 Wiedemann, 1. ¢. 5 Wiedemann. 

6 Comptes Rendus, 1877, 7 Zantedeschi, Pogg. Ann,, 1848.- 

8 Phil, Mag., 1817; or Lup. Res,, vol. iii, p. 467, 

9 Pogg. Ann., 1848, ete, 0 Ann. d, Chim. et d. Phys., 1850, 
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\line. Another method, employed both by Pliicker 
| ) : : ri 
and by Faraday, is to blow soap bubbles with the gas 
_to be tested, and observe their behavior in y ict of eases 
‘Nh ; : : ist of gases, 
the magnetic field, allowing of course for 
the feeble diamagnetism of the water film. 
results are as follows: 


Taraday’s 


In Coal 
Gas, 


InCarbonie In Ily- 
Acid, drogen, 


— _ a 


In Air, 


Riches) Wika s reln v 
Nitrogen, 
TOE OWONG waa kb 6 o 
MyGrogen, i ss i 
Carbonic acid, .. . 
Carbonic oxide, . , 
Nitrous oxide, ... 
Nitric oxide, . 
Nitrous acid, . : 
Olefiant gas,..... 
OORERE Sie ibets ahs 
Sulphuric acid,. . . 
Hydrochloric acid, 
Hydriodie acid, 

Fluosilicie acid, .. 
Ammonia, 


+ weak, 
~ strong, 
| ++ strong. 
0 


+ strong. 


~ strong. 
weak, 
weak, 


weak. 
?weak, 
?weak, 


rey 


weak, 
strong. 


-? weak, 


- weak, 


TORIIIG FS weeks 
Bromine, 
Cyanogen, 


ON hie F-h14- hi tt... hig 


strong. 


+ means magnetic relatively to the surrounding gas, — diamag- 
netic; the epithets strong and weak relate of course to the appa- 
rent behavior under the circumstances of the experiment, 

It appears therefore that oxygen is the most paramag- 
netic of all the gases; on this account Fara- 
day conceived that it probably played an 
important part as a cause of terrestrial magnetism.” 
Becquerel'? has concluded from recent experiments of 
his own that the specific magnetism of ozone is still 
greater than that of oxygen. Faraday was able by 
filling thin glass bulbs with oxygen at different densi- 
ties to show that the magnetic susceptibility decreased 
with the density, apparently in simple proportion. 
Some numbers giving an idea of the magnetic suscep- 
tibility of the various weakly magnetic bodies are given 
below. 

In all experiments with gases or fluid media, and 
indeed in every possible magnetic experi- 
ment more or less, it is important to notice 
that the resulting magnetic action is the dif- 
ference between the action of the movable 
body and the action onthe surrounding me- 
dium, ‘This was first pointed out by lara- 
day.’ He prepared three solutions of ferrous sulphate, 
No. 1 fientaiied 74 grains of the hydrated salt for every 
ounce of water; No. 2 was formed by diluting one 
volume of No. 1 with two volumes of water, No. 3 by 
diluting one volume of No. 1 with fifteen volumes of 
water. Three glasses 9, J) gs and three tubes t, ty 
t, were filled with the respective solutions. ‘The glasses 
were placed in succession between the pointed poles of 
the electromagnet, and the tubes tested in them with 
the following result: 


Oxygen. 


Faraday’s 
experi- 
ments on 
differential 
magnetic 
action, 


In 9}. 


In go. Tn @. 
a 0 ats ae ate 
ly = 0 4+ 
ty = - 0 


+means pointed axially; ++the same with greater decision ; 
- pointed equatorially ; 0 was indifferent. 


We have here the experimental confirmation of the 
important theoretical conclusion (see above, p. 250) 
that any body will behave paramagnetically or dia- 
magnetically according as it is surrounded by a medium 
less or more magnetic than itself. In cases where the 
square of the susceptibility may be neglected, it is clear 
that.the resultant action on any body is the difference. 
between the action upon it and the portion of the me- 
dium which it displaces. his principle, which is the 

N See Lup, Res., 2847 sq.; also art, METHOROLOGY. 


12 Comptes Rendus, 1881. W Wwep. Res., 2362, 1845, 
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analogue of the Archimedean law for floating bodies, 
is of great use in quantitative magnetic experiments. It 
was exemplified by Pliicker,! and exten- 
sively applied in magnetic observations by 
Becquerel.? . Becquerel found, for instance, 
that the differences between the couples tending to set 
a small rod of sulphur in water and in air, in magne- 
sium chloride and in air, and in nickel sulphate and in 
air were very nearly the same as the corresponding 
differences for a rod of wax. 

Very curious qualitative illustrations of differential 
magnetic action are obtained by scattering drops of 
alcoholic solution of chloride of iron in olive oil;® the 
drops of chloride collect and displace the olive oil in the 
places of stronger force. Another form‘ of the same 
experiment consists in placing a layer of oil of violets 
over a layer of solution of chloride of iron. 
When a narrow cell filled in this way is 
placed equatorially with the interface of the 
two liquids in the axial line, on exciting the electro- 
magnet the iron solution rises in the equatorial plane 
forming a disk-shaped mass around the axial line. 
Notwithstanding these results the general opinion of 
experimenters seems to be that no separation of the 
parts of a solution can be effected magnetically once the 
constituents have been thoroughly mixed. 
Thus Faraday® could obtain no evidence of 
the concentration of an iron solution near the 
pole of a.magnet, although it was exposed 
for days together in the magnetic field, and 
found no separation of the oxygen and ni- 
trogen of atmospheric air, although they differ greatly 
in their magnetic character, 


Pliicker and 
Becquerel, 


Different 
liquids, 


Constitu- 
ents of a 
thorough 
mixture 

not sepa- 
rated, 


Pliicker® endeavored to show that the air enclosed 
in a vessel placed between the poles of an 

Rarofae- electromagnet was rarefied by the magnetic 
doubtful. action. Faraday, however, with almost iden- 


tical experimental arrangements arrived at 
a negative result. 

Hlaborate investigations of the magnetism of chemi- 
cal compounds have been made by G. Wiedemann with 
a view to connect their magnetic properties 
with their composition. A full account of 
these researches will be found in Wiede- 
mann’s Galvanismus, Bd. ii. 2% 590 sq.! 
The following are some of the more im- 
portant of his conclusions as to the effect 
of composition. 

1. The magnetic susceptibility of the dissolved salt 
by itself is nearly odovandens of the solyent, being pro- 
portional to the concentration. 

2. If the magnetic moment m induced by a field of 
unit intensity in a unit of weight of the salt dissolved 
in water be called the ‘‘ specific susceptibility ’’and the 
product ~« = Am, where A is the ioleaitlan weight of 
the salt, the ‘‘ molecular susceptibility,’’ then the mole- 
cular susceptibility of the dissolved salt of the same 
metal with different acids is approximately the same. 
The mean molecular susceptibilities for nickelous, co- 
baltous, ferrous, and manganous salts are as 142; 313: 
387 : 468. 

3. The molecular susceptibility of cobaltous salts 
stands about midway between the molecular suscepti- 
bilities of nickelous and manganous salts; and the 
ferrous salts stand midway between cobaltous and 
manganous. , 

4, 'The molecular susceptibility of dry salts (combined 
with water of crystallization) is for the most part nearly 
the same as their molecular susceptibility in solution. 

A similar law holds to a certain extent for insoluble 
salts freshly precipitated; and generally, with like 
chemical properties of the metallic molecule, the mole- 
cular susceptibility remains the same.*® 


Magnetic 
behavior 
of chemi- 
cal com- 
pounds, 
/iede- 
mann. 


1 Pogg. Ann., 1849, 2 Ann. d. Chim, et d. Phys., 1850. 
8 Matteucei, Comptes Rendus, 1853. 

4 Marangoni, Wied. Beibl., 1881. 

6 Kep. Res., 2757; see also Righi, Wied, Beibl., 1878. 

6 Pogg. Ann., 1848; see also Beer’s treatise referred to above, p. 251. 
7 See also Phil. Mag., 1877. § For qualifications see Wied., Galv., l. c. 
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5. Two diamagnetic elements may give a magnetic 
compound; eg., copper and bromine, both diamag- 
netic, give bromide of copper, which is paramagnetic. 

6. When two solutions are mixed ante salts ex- 
change their constituents by double decomposition, the 
specific magnetism of the solutions taken together is 
unchanged. Whence the conclusion is drawn that the 
susceptibility of a binary compound is made up by ad- 
dition of the susceptibilities of its constituents, and 
that these constituents preserve their susceptibilities 
unaltered when their constitution or atomic arrange- 
ment in composition is unaltered. 

Magnecrystallic Action.—In what precedes we sup- 
posed the inductively magnetized body, whether para- 
magnetic or diamagnetic, to be isotropic, 


and all experiments on its magnetic prop- Ry ine 
erties to be conducted in a heterogeneous aon, 


magnetic field. In a uniform field such a 
body would be acted upon neither by force of transla- 
tion nor by rotational couple. The case is otherwise if 
the body be magnetically xolotropic. In this case, 
according to the mathematical theory, (1) the body 
ought to set in a uniform field so as to place 
its axis of greatest magnetic permeability 
(7.e., of greatest paramagnetic and of least 
diamagnetic susceptibility) parallel to the lines of force, 
and (2) in a heterogeneous field Faraday’s translational 
force from places of less to places of greater resultant 
force in the case of paramagnetic, and from places 
of greater to places of less in the case of diamagnetic 
bodies, ought to be greatest when the axis of greatest 
susceptibility is parallel to the lines of force, least when 
the axis of least susceptibility is in the same posi- 
tion, and intermediate for other positions of the 
body. 

In observing the first class of phenomena above men- 
tioned, poles with flat faces are placed on the electro- 
magnet. Faraday recommends that the faces 


Two kinds 
of it. 


: aced ists ¢ Ng Approxi- 
should be placed at a distance of about one ipa. 
third of their breadth. He warns the ex- ~ form fiela 
perimenter, however, that the uniformity Fe 
with this arrangement is by no means per- “ise for 
fect, although in general sufficient. The best first kind 
? 8 5 
arrangement would be to use the magnetic pectin ca 
field in the interior of a cylindrical coil of ‘action, 


sufficient length were it not for the difficulty 
of attaining the requisite intensity in this way. In cases 
where there is any doubt it is well to give the body 
under examination a spherical or cubical shape, and so 
eliminate the tendency to set arising from heteroge- 
neity of field. 

The first observations of the magnecrystallic couple 
were made by Pliicker,® and elaborate investigations of 
the phenomenon were made by him in con- 


junction with Beer,’? in the course of which Magne- 
the magnetic properties of alarge number of _, Ctystallic 

¥ . aie: ee couple dis- 
crystalline bodies were examined. Pliicker coyered by 
also detected the magnecrystallic property in —_‘Pliieker. 


a rapidly cooled cylinder of glass. Shortly 
after Pliicker’s first results were published, Faraday dis- 
covered the magnecrystallic action of crys- 
tallized bismuth. At first, misled no doubt 
by the language in which Pliicker stated the newly dis- 
covered facts, he did not recognize the identity of the 
two phenomena; but on further investigation he was 
able to class all the observations under afew simple 
laws,'! which in the mathematical form given to them 
by Thomson constitute the theory already given. To 
the observations of Pliicker and Faraday, Knoblauch 
and Tyndall added the important discovery 

that bodies in which the linear density in Knoblauch 
one direction is greater than in another, Tyndall, 
whether as a consequence of compression or 

of stratification artificial or natural, exhibit magnetic 
xolotropy. 


Faraday, 


® Pliicker, Pogg. Ann., 1847, 1848, 1849, 1852. 
10 Pliicker and Beer, Pogg. Ann., 1850, 1851. 
1 Exp. Res., 2797 sq., 1850, 
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It is convenient, following the analogy of physical 
optics, to divide magnetically seolotropic 


Magnetic eet c . 5 
elassifiea- bodies into (a) “‘uniaxal’’ bodies, ¢.e., those 
eortald that are symmetrical about one principal 


axis of magnetic susceptibility, or, in other 
words, have two of the principal coefficients of mag- 
netic susceptibility equal («= «3); and (b) ‘‘ biaxal’’ 
bodies, 7.¢., those that have the three principal sus- 
ceptibilities unequal. 

Class (a) naturally divides itself into those in which 
the susceptibility parallel to the axis of 


Uniaxals d “ a ; 
positive symmetry is greater and those in which it 
and nega- js Jess than that in the plane perpendicular 
tive, para- ? 7 ie %s + 3 
magnetic toit. The former (where «>«,) are said 
and dia- itive a py (kKj<k 20ati 

Sartor. to be positive, the latter (<«,) negative 


uniaxals. We have also to attend to the 
distinction which arises according as the mass of’ the 
crystal is paramagnetic or diamagnetic (« and «, both 
+, or both —). We have then the following experi- 


_ mental behavior in uniaxal bodies: 


Sets the Axis of Symmetry. 


see Paramagnetic | Parallel to lines of force. 

Positive Piamoencds | Perpendicular to lines of force. 

Negative Paramagnetie | Perpendicular to lines of force. 
8 Diamagnetic | Parallel to lines of force. 


Faraday found for example that a crystal of bismuth 
suspended with its plane of smoothest cleavage vertical 
set with this plane perpendicular to the lines of force, 
but was indifferent when suspended with this plane 
horizontal. The axis of magnetic symmetry is there- 
fore perpendicular to the plane of smoothest cleavage, 
and, since the substance is diamagnetic, it is a negative 
uniaxal. When suspended in any other way the crystal 
set so that the magnetic axis rested in a vertical plane 
through the direction of the lines of force. The di fler- 
ence between the behavior of magnetic and diamag- 
netic uniaxals is beautifully illustrated by the behavior 
of pure Iceland spar, which is a positive diamagnetic 
uniaxal, and sets the optic axis, which is the magnetic 
axis, equatorially ; when, however, as sometimes hap- 
pens, the calcium is partly replaced by iron, its physical 
properties (optical included) being thereby unchanged, 
except that the mass of the erystal becomes magnetic, 
it sets the optic axis axial.' 

All these cases are of course included in the single 
Magnecrys- Tule that the body sets the axis of greatest 
tallic couple scape parallel to the lines of force. 


ee ince the setting of weakly magnetic aeolo- 
rounding tropic bodies depends merely on the differ- 
medium. ences between the principal magnetic sus- 


ceptibilities, it follows that it is independent of the 
medium in which the body is placed. ‘This was estab- 
lished experimentally by Faraday,? who found the 
magnecrystallic couple exerted on a crystal of bismuth 
to be the same whether it was surrounded by air, by 
water, or by asaturated solution of protosulphate ofiron. 

Pliicker gives the following list of uniaxal eeolotropic 
bodies : 


MAGNETIC, 

Positive. Negative. 
Spathie iron ore. Tourmaline. 
Scapolite. Beryl. 
Green uranite. Dioptase, 
Ferruginous sulphate of | Vesuvian. 

magnesia, Sulphate of nickel. 
Ammoniochloride of copper. 
DIAMAGNETIC. 

Positive. Negative. 
Cale-spar. Bismuth. 
Antimony. Arsenic. 
Molybdate of lead. Ice. 
Arsenide of lead. Zircon, 
Sulphate of potash. Mellite. 


Nitrate of potash. Cyanide of mercury. 


Arseniate of ammonium. 


1 Tyndall and Knoblauch, Phil. Mag., 1850. 
2 Hxp, Res., 2498 sq., 1848, A later but much more extensive series 
of experiments led to the same result (vp, Res., ser, XXx., 1855). 
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The phenomena in the case of biaxal zeolotropics are 
naturally more complicated ; but they are all compre- 
hended in the simple rule given above (page 245) that 
the axis of greatest paramagnetic or of least diamagnetic 
resultant susceptibility in the horizontal plane tends to 
set itself parallel to the lines of force, or, in the words of 
Faraday, the body tends to setsoasto allow paraday’s 
the greatest number of lines of magnetic experi- 
induction to pass through it. In the azi- ™entallaw. 
muth just mentioned the body is in stable equilibrium, 
in the perpendicular azimuth in unstable equilibrium. 
There are two axes of suspension in the plane of the 
axes of least and greatest susceptibility, 
viz., the normals to the circular sections of 
the ellipsoid q@?+-K7/*+-"2? = constant, such 
that the body behaves indifferently; these axes were 
valled by Pliicker the ‘‘magnetie axes’’ of the body. 
If we observe the times of vibration 7), 'T,, T; of a 
sphere of the substance, when the axes #4, My, 3 re- 
spectively are vertical, then we have at once by the 
heniy already given 

Ti: T2:T3s::Veg—«3 iV: W/V m1 — «25 


whence 1/T?+1/T2 =1/T2, and tanw =T;/T), © being 
the angle between either magnetic axis and the axis 
of greatest magnetic susceptibility. These results were 
verified experimentally by Pliicker.*® 

Magneerystallic phenomena of the second kind were 
looked for by Faraday very early in the his- 


Plicker'’s 
two mag- 
netic axes. 


. 7 Phenom- 
tory of the subject, but at first he was un- ena of 
successful in detecting them. He seems, oe 

kind. 


however, to have understood and clearly 
represented to himself in his own way their close con- 
nection with the phenomena of the first kind, for he 
alluded to the subject more than once, and finally in 
the twenty-sixth series of his experimental researches, 
where he explained at length his magnetic theory, he 
showed that such an effect ought to exist, and actually 
succeeded in observing it in the case of a crystal of 
bismuth, which he found to be less repelled from places 
of stronger to places of weaker force when its axis was 
parallel to the lines of force than when it 
was perpendicular to them. He concluded 
that with Iceland spar the translational-force 
ought to be greatest when the axis is par- 
allel to the lines of force, and least when it is perpendic- 
ular to them; but his apparatus was not sufliciently 
delicate to show the effect. 

Unlike the magneerystallic phenomena of the first 
kind, those of the second kind depend on 


First dis- 
covered by 
Faraday in 

bismuth, 


ARS ig ERE Phenom- 
the difference between the susceptibilities ena of the 
of the body and of the surrounding me- | Segond 
dium, Faraday® demonstrated this conclu- jena on 
sion experimentally by covering crystals of the sure 

> Sys yf as ] ; rounding 
the red prussiate of potash with a thin "Otaguie 


layer of wax to prevent dissolution, and 
immersing them in solution of sulphate of iron of 
various strengths between the pointed poles of an 
electromagnet. In water the crystal was attracted to 
places of stronger force in all positions, in concentrated 
solution of sulphate of iron repelled in all positions, 
while in a solution of 14 or 15 volumes of the concen- 
trated solution to 6 volumes of water it was attracted 
when the axis of symmetry was parallel to the lines of 
force and repelled about as strongly when the axis 
was perpendicular to them. Here then the crystal ac- 
tually behaved paramagnetically in one direction and 
diamagnetically in the other. Similar results can he 
obtained with Iceland spar in a mixture of alcohol and 
water. 

The prediction of the second class of magnecrystallic 
phenomena is one of the most extraordinary —Paraday 
instances of the theoretic insight which and 
formed so large a part of the genius of Thomson. 
Faraday. The laws of the phenomena of the first class. 
might be regarded as merely a skilful classification of 


8 Phil. Trams., 1858. 


4 Eup. Res., 2552, October, 1848, 
5 Hup. Res., ser. XXX., 1855. 
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observed facts, but the passage therefrom to the second 
class was a step of the first magnitude; it constitutes 
in fact the root of the whole matter. ‘To Sir William 
Thomson belongs the credit of throwing the laws of 
magnecrystallic action into the appropriate mathemat- 
ical form, and of showing that they range themselves 
guite naturally under the theory of Poisson.’ 

Tyndall succeeded, where Faraday had failed, in 
showing the magnecrystallie phenomenon 
of the second kind in Iceland spar. It is 
particularly instructive to compare his re- 
sults for carbonate of iron and carbonate of 
lime, both positive uniaxals, but the one 
magnetic and the other diamagnetic. His 
results are as follows :— 


Tyndall 
verifies the 
prediction 
of Faraday 
and Thom- 
son for Ice- 
land spar. 


xis Magnetic 


Substance. torial.| Character. 


3 = A 
Axis Axial. Equa 


Carbonate ofiron,.... 100 vat + 
Carbonate of lime,..., 100 90 - 
Sulphate of iron, .... 100 85 + 
iBismailths oe. eee oc 71 100 - 


Hankel? measured the repulsion on a cylinder of 
Frankel bismuth placed with its magnetic axis in- 
; clined at angles of 15°, 45°, and 75° with 
the lines of' force, and compared his results with the 
theoretical formula 90.7-+ 45.3 sin*¢; the result was 
as follows :— 


16°. + 45°. Sra (eh 
Observed repulsion,... 94.1 113.3 182.4 
Calculated repulsion,. . 93.7 113.3 133.0 


Influence of Crystalline Form, Compression, etc., in 
producing Magnetic Aolotropy.—In_ gen- 


Relation of ral the magnetic solotropy stands in close 


magnetic . 
eolotropy relation to the erystalline form, and conse- 
fo crysta —_ quently to a considerable extent also to the 


optical properties. ‘Thus crystals of the 
regular system exhibit as a rule no magnecrystallic 
properties, but there appear to be exceptions in the 
case of certain pyroelectric crystals such as boracite. 
Again crystals that have one crystallographic axis of 
symmetry are usually magnetically uniaxal, but the 
optical distinction of positive and negative does not 
involve the corresponding magnetic distinction, as is 
shown by the results of Tyndall and Knoblauch with 
pure Iceland spar and Iceland spar in which part of 
the calcium is replaced by iron. Crystals that are 
optically biaxal are as a rule magnetically biaxal, but 
the magnetic properties cannot be deduced imme- 
diately from the optical. 

If a small cylinder be made of a paste formed with 
finely ground bismuth and gum water it 


oes. will point equatorially in a heterogeneous 
sion. field, but if the roll be squeezed flat the 


plate thus formed will point axially, al- 
though its length be ten times its breadth. A roll of 
paste of powdered carbonate of iron, again, will point 
axially, the plate formed by squeezing it flat 
equatorially.? From these results Tyndall 
and Knoblauch concluded that, if the 
arrangement of the particles of any body 
be such as to present different degrees of prox- 
imity in different directions, then the line of closest 
proximity, other circumstances being equal, will stand 
axial if the mass be magnetic, equatorial if the 
mass be diamagnetic. hey constructed parallelo- 

pipeds (lin. X tin. X 4 in.), first, by gum- 


Tyndall 


and 
Knoblauch. 


Effect of ming together rectangular slips of sand- 

Jaminar ; . as : 

structure, Paper (1 in. X4in.), secondly, by gum- 
ming together squares of the same (+ in. x 

3 in.). The paper was comparatively indifferent, 


1 Phil. Mag., March, 1851; or Reprint, chap. x. 
2 In 181; see Wied., Galu., ii. 7 639. 
® Tyndall and Knoblauch, Phil. Mag., 1850. 
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while the sand by itself was magnetic; and it was 
found that the first model set its longest dimension 
axially, while the second set its longest dimension 
equatorially ; 7.e., the layers of sand set in both cases 


axially. ‘Tyndall* has observed similar mag- 
necrystallic actions with naturally  strati- Price 
fied bodies such as shale, and in fibrous BORGES. 


bodies such as wood. He was even able by 
squeezing plates of bismuth to apparently reverse the 
magnetic character of the substance; for the compres- 
sion rendered the plates eolotropic with an axis per- 
pendicular to their longest dimension, and in conse- 
quence they set axially like plates of a paramagnetic 
substance. A crystal of bismuth compressed in a 
direction perpendicular to the ordinary magnetic axis, 
i.e., parallel to the planes of principal cleavage, had 
its behavior reyersed as to the second class of magne- 
erystallic effects, the ratio of the repulsions when the 
crystal was set with its original axis axial and with its 
original axis equatorial having been changed from 71: 
100°to 112: 100. It was also found possible by squeez- 
ing a ball of bismuth dough unequally in atk 
two perpendicular directions to imitate a bers ere 
biaxal magnetic crystal such as heavy spar. pression of 
Tyndall and Knoblauch attempt to explain phicorony 
the magnetic phenomena exhibited by erys- art 
tals proper by means of these results. They assume 
that the planes of cleavage are directions of closer 
aggregation, and therefore tend to point axially in 
magnetic and equatorially in diamagnetic erystals. 
For example, the first of the above-men- 
tioned sandpaper models would represent Theory of 
magnetic crystals that cleave parallel to sane 
their axis, the second magnetic crystals Knoblauch. 
which cleave perpendicular to their axis. 
If we regard this theory merely as a way of represent- 
ing the facts of observation, even if we allow it to be 
sufficient, it is far inferior in simplicity to the theory of 
Faraday and Thomson, the sufficiency of which is not 
disputed. Regarded as an attempt to penetrate a 
little farther into the relation between molecular 
structure and magnetic properties, it is of great in- 
terest and importance, even if we admit that like most 
other speculations of the kind it leads us but a little 
way; for the question arises immediately, How does 
proximity of the molecules increase specific inductive 
capacity ? This last question is all the more difficult 
to answer that no experiment has ever yet been ad- 
duced wherein the effect of the mutual induction of 
the parts of a diamagnetic or weak paramagnetic body 
plays an undoubted part.° 

Discussion as to the [aistence of Diamagnetic Po- 
larity. —Soon after Faraday’s first discovery 
of diamagnetism, an animated discussion Bape foie 
arose as to the proper way of stating the cerning dia- 
facts involved in the new phenomenon. poe pe 

: hae ; SORA polarity. 

Faraday himself inclined in the first instance 
to put the matter by saying that under the action of an 
inducing force a diamagnetic body is magnetized in a 
direction opposite to that of soft iron; at a 
later period he abandoned this form of 
statement in favor of what he called the theory of 
magnetic conduction, which fitted better with his ideas 
as to the part played by the surrounding medium by 
means of which magnetic action is transmitted from 
one body to another. Faraday’s first theory under the 
name of the theory of diamagnetic¢ polarity was imme- 
diately adopted by the Continental physicists, such as 
Weber, Reich, and Poggendorff, who natu- 
rally found it consonant with their favorite 
views as to action at a distance. It was 
also supported in Hngland by Tyndall and others. 
Many experiments were advanced on both sides of the 
question, and the result was much instruct- a. aan 
ive illustration of the laws of magnetic ore: 

4 Phil. Mag., 1851. 

5 Faraday, Exp. Res., 2825, ete. There isa further difficulty in 


the case of diamagnetic bodies. See Thomson's letter to Tyndall, 
Reprint of Papers on Elec. and Mag., p. 536, 


Faraday. 


Weber and 
others, 


MAGNETISM. 


action. But the controversy settled nothing, because 
in point of fact there was nothing to settle. Kither 
theory was perfectly sufhcient, when prop- 


ae eae erly applied, to represent the phenomena, 
ference as and each left the question of the ultimate 
O Words ot y are ngonetic « 1é ‘ 10 
hala nature of paramagnetic and diamagnetic 


action where it found it. This ought to 
have been evident after Thomson had shown that the 
phenomena were included in a perfectly natural gen- 
eralization of Poisson’s theory, indicated 
in fact by Poisson himself, and demon- 
strated that Faraday’s conception of the phenomena 
was only another method of viewing the facts leading to 
identical conclusions. Faraday himself! seems in the 
end to have considered that the difference was a mat- 
ter of phrases. Since Clerk Maxwell’s 
elaborate mathematical reconstruction of 
the theories of Faraday this seems to be universally 
recognized, and the discussion has subsided. lor a 
full account of the various interesting experiments 
that were made during the controversy the reader may 
be referred to Wiedemann’s Gulvanismus, 22 558 sq., 
and to the reprint of Tyndall's Papers on Diamagnet- 
ism and Mugneerystallic Action, pp. 76 sq. 
Numerical Data vespecting the Susceptibility of 
Weakly Magnetic Bodies.—The earlier ex- 


Thomson, 


Maxwell. 


cot perimenters arrived for the most part at 
constant, the conclusion that the susceptibility « of 


weakly magnetic bodies is constant. Among 
these may be mentioned Weber, who experimented 
with bismuth, H. Becquerel,’? Tyndall,’ Joule,* Reich,® 
and Matteucci,® who experimented on various sub- 
stances by means of the torsion balance; Christie,’ 
who worked with bismuth, and Arndtsen,® who worked 
with ferric sulphate and ferric chloride, both using 
Weber’s diamagnetometer; and Wiedemann,’ who ex- 
erimented with solutions of a variety of salts. H. 
ecquerel, however, in some of his experiments, ¢.g., 
with sulphate of nickel, found that « showed a ten- 
dency to decrease for very large values of the magnet- 
izing force; Pliicker,'° who tested a great variety of 
substances (powdered or in solution) by measuring 
with a delicate balance the attraction or repulsion 
exerted upon them by an electromagnet, arrived at a 
similar conclusion; but the methods of both these 
experimenters are open to suspicion. 
large number of relative results were obtained by 
the earlier experimenters,'! but in some 
cases the methods employed were not sat- 
isfactory, and in others the results so 
evidently depend on the state of aggregation of the 
material that they are of little importance. The fol- 
lowing tables will give the reader some idea of the 
relative magnitudes of the susceptibilities of different 
substances :— 


Relative 
results. 


Plicker, Plicker’s Table for Magnetics. 

Iron, . 100,000 | Ferric chloride, cone. soln., 98 
Magnetic iron ore, 40,227 | Ferric sulphate, e 58 
Ferric oxide, . . . 286 | Ferrous chloride, “ 84 
Hematite, .... 134 | Ferrous sulphate, “ 126 
Specular iron ore, . 533 | Nickelous oxide, . 35 


Hydrated ferric oxide, 156 | Hydrate of do., 106 


Ferrie sulphate, 111 | Hydrated manganic oxide,70 
Green vitriol, ... . 78|Mangano-manganic “ 167 


Nitrate of iron, conc. soln., 34 


The numbers here denote specific magnetic susceptibility 
i.e., equal weights of the substances are com- 
pared. 

Becquerel, 


1See a letter to Matteucci dated November 2, 1855, published 
in Bence Jones's Life and Letters of Faraday, reprinted in Tyndall's 
Diamagnetism and Magnecrystullic Action, p, 180. 

2 Ann. d. Chim. et d. Phys. 8 Phil. Mag., 1851. 

4 Phil. Mag., 1852. © Pogg. Ann., 1856. 

6 Ann. d. Chim. et d. Phys., 1859. 7 Pogg, Ann., 1858, 

8 Pogg. Ann., 1858. ® Pogg. Ann., 1865, 

10 Pogg, Ann, 1854, 

u fi. g., Pliteker, Pogg. Ann., 1848, 1851, ete. ; E. Beequerel, Ann. 
d, Chim. et d. Phys., 1850, 1851, 1855, ete.; Matteucci, Comples Ren- 
dus, 1853, and Cowrs d@’ Induction, 1854; Wiedemann, Pogg. Ann., 
1865, 1868, ete. 
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Results of Faraday and Beequerel. 
Ferrous chloride, ex {| Camphor — 82 
conc, solution, } F655 Paniahixe -— 83 
Ammoniacal — solu- Linseed oil, - 85 
tion of cuprous Olive oil, — 86 
oxide, . 134 | Wax,. — 87 
Do. of cupric oxide, -+- 120 Nitrje acid, - 88 
Oxygen,. . . . . +17.5) Watér, eb ~ 96.6 
AA yy Ode -+-3.4| Ammonia solution, -98 
Olefiant gas, 0.6 | Bisulphide of carbon, — 100 
Nitrogen, 0.3 | Sat. solution of nitre, — 100 
Vacuum, 0.0 | Sulphuric acid, — 104 
Carbonic acid, 0.0 Sulphur, - -118 
Hydrogen, . -0.1 | Chloride of arsenic, -122 
Ammonia gas, — 0.5 | Fused borate of lead - 137 
Cyanogen, . — 0.9 | Phosphorus,* — 167 
Glass, .. .. . —18.2) Selenium,* — 168 
Pure zine, . ~75 | Pure copper,* 
Riker, weve.) al + -75 Pure silver,* 
Aleohol absolute, -79 | Pure gold,* 
Oil of lemons, -80 |! Bismuth, 


The results marked with an asterisk are taken from Beec- 
querel; the rest are from Faraday. The numbers relate to 
equal volumes of the substances, and the medium is sup- 
posed to be vacuum; so that water in air would be repre- 
sented by 100, 

The numbers of Faraday, Becquerel, and Matteucci agree 
very fairly; e.g., according to Faraday the susceptibilities 
of water, oxygen, and air are as — 100: -+ 1.8: -+ .352, ac- 
cording to Becquerel as — 100 :-+-1.82:-+.382. Plicker’s 
results do not agree so well with those of Faraday and 
Becquerel ; but his method was faulty. 


Within the last five years a large number of absolute 
determinations of « have been made, chiefly 
for bismuth and ferric chloride. Toepler 
and Von Ettingshausen” in their experi- 


Recent ab- 
solute de- 
termina- 


ments on bismuth used with some altera- ren 
tion the method of induced currents em- *°°RS "ie 


ployed by Weber" in the earliest attempts tingshausen, 
that were made to determine the suscepti- 

bility of bismuth. Like Weber they compare bismuth 
with iron, an unsatisfactory procedure on account of 
the great yariability of the susceptibility of iron for 
different magnetizing forces, and for different samples 
with the same magnetizing force. 

Silow worked with ferrie chloride. In his first set 

of experiments" he observed the time of 
vibration of an astatic needle suspended 
over a cylindrical vessel filled with the solution; in his 
second inyestigation'® the solution was placed in a 
glass globe, on the outside of which insulated wire was 
wound so that a given current in it produced a uniform 
magnetic field whose strength could he calculated ;!% the 
deflection of a properly astatized needle suspended in- 
side the globe, was observed when the globe was empty 
and when it was full, and thence « was calculated; in 
his third determination he used the method of 
Toepler and Von Ettingshausen so improved as to 
allow an absolute determination of « to be obtained 
directly. 
* Borgmann™ inclosed one coil within another, and 
filled the hollow cylindrical space between 
them with the solution of ferric chloride to 
be tested’; he also used the ring method of Stoletow 
and Rowland. 

Jacques, '® following a method elaborated by Row- 
land, measured the repulsion of crystals of 
bismuth and Iceland spar placed with their 
magnetic axes axially and equatorially be- 
tween the poles of a Ruhmkorff’s electromagnet, the 
field of which was carefully explored after the manner 
of Verdet by means of a small coil moved through a 
known distance in different parts of it; from these obser- 
vations the two principal magnetic susceptibilities 
were calculated. 


Silow. 


Borgmann, 


Jacques and 
Rowland, 


12 Pogg. Ann., 1877. 13 Fl Maasbest, Thi. iii, 

M4 Wied. Ann,, 1877. 1 Wied. Beibl., 1879. 

10 See Maxwell, LZ. and Mag., vol. li. ? 672. 

WM Wied. Ann,, 1880. 18 Wied. Beibl., 1879. 

19 Silliman’s Jowr., 1879 The published results are vitiated by 
some error of calculation; butthe experiments are to be repeated. 
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Schuhmeister’ experimented with ferric chloride, 
using the same method as Rowland and 
Jacques. 

In the experiments of Haton ? the meth- 
od formerly employed by Wiedemann was adopted ; 
the data in his paper are, however, insufficient for an 
absolute determination either of the magnetizing force 
or of «; in fact he determines merely the force with 
which the magnetic body is attracted and the magnetic 
moment of the electromagnet, assuming that the 
strength of the magnetic field at a given point is pro- 
portional to the latter, —which is not necessarily true, 
for the magnetic distribution in the core of the electro- 
magnet may alter with increasing current. 

Von Kttingshausen* in the most recent research on 
the subject with which we are acquainted 
has made determination of the suscepti- 
bility of bismuth by four different methods. 
The first of these was that formerly used by Toepler 
and himself, with the addition that the action of the 
bismuth bar was compared with that of a solenoid of 
as nearly the same dimensions as possible through 
which flowed a current of given strength (an artifice 
previously used by Christie). The second method con- 
sisted in measuring the force with which a portion of 
the diamagnetic substance hung in the axis of a coil 
and near one of its ends was repelled out of the coil 
when a known current passed through it. he third 
method was that of Rowland and Jacques. The fourth 
consisted in measuring the deflection of a magneto- 
meter needle produced by placing a piece of the dia- 
magnetic substance between the poles of a powerful 
magnet under whose action the magnetometer needle 
had come to rest in the first instance.* The agreement 
between the results obtained by all the different 
methods was very fair considering the smallness of the 
effects to be measured in some of them. The second 
method is pronounced to be the best, and by means of 
it he gives also a determination of « for ferric 
chloride. 

Some of the results of the different ex- 
nasi for bismuth are given in the following 
table ;— 


Schuh- 
meister, 


Von Et- 
tingshausen, 


Results for 
bismuth. 


Magnetizing Force, - 108. Authority, etc. 
| 
63 14.6 Caleulated by Stoletow from cer- 
201 14:9 tain results of Weber’s, see 
Silow, Wied. Ann., 1882. 
16.4 Calculated by Von Ettingshau- 
; sen, /. c.. from Weber. 
14.6 Calculated by Von Ettingshau- 
gee : sen, /. c., from Christie. 
5 9 
ge ie eA 9 ee Three different samples by Von 
39.2 to 82.2 13.48 Ettingshausen’s second method. 
[Mees | 


Most of the specimens contained slight traces of 
iron. Although the range of the magnetizing force 
in Von Kttingshausen’s experiments was considerable, 
« was very nearly constant; if there was any tendency 
to variation, it was decreased with the large magneti- 
zing forces. 

The results for ferric chloride are not so concordant. 
aah after comparing his own earliest re- 


pos for sult (10% = 81 for a solution of density 
chloride, 1.475, magnetized by the earth’s horizontal 


, force) with those of Borgmann (10% = 48.8, 
density 1.87, magnetic force 40 to 59), concluded that the 
susceptibility of ferric chloride probably follows the same 
law as that of iron; 7.e., it first increases, then reaches a 
maximuin, and afterwards decreases more or less slowly. 
His later experiments confirm this conjecture, and he 
finds that « has a maximum value for a magnetizing 
force of about .4 C.G.S. The smallest force used was 
about .08 C.G.S8, and the corresponding value of 10« 
was 34; the largest value of 10% occurring in his tables 

1 Wien. Ber., 1882. 
3 Wien. Ber., 1882. 


4 This was one of the experiments adduced by Weber in the 
controversy regarding diamagnetic polarity. See Pogg. Ann., 1848. 


2 Wied. Ann., 1882, 
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\is 179. The values obtained in his last investigation 
}are smaller than those given in his first table, but 
there is the same increase and decrease. 


The following are his latest results :— tow. 


H 10°, H 108«. 
1.15 96 2.45 104 
1:35 104 3.73 70 
1/60 131 5.33 69 
1.70 131 5.35 68 
1.81 142 6.54 65 
1/90 141 7.00 62 
1.96 131 10.00 60 
213 111 12.60 55 
2:40 99 


The unit of % is the earth’s horizontal force, pre- 
sumably at Moscow. 

From the observations of Arndtsen on a solution of 
density 1.495 Silow® calculates 10% = 57.5 (magnetic 
force 20.3). Fora solution of density 1.395, with mag- 
netizing forces from 38 to 252, Schuhmeister gets 
10% = 30 to 39. Von Ettingshausen, for a solution 
of density 1.48, with magnetizing force 14 to 20, gets 
10% = 59 to 56. 

The following are the values of 10% 


; ‘i A : Schuh- 
obtained by Schuhmeister for various sub- meister. 
stances. 

H F 61.5 130.8 , 252.7 
Water, Fa a a Rhee eal” attattre -.55 ° -.45 -.44 
Alcohols ).2rtyhepeehe -.45 - 42 -.38 
Bisulphide of Carbon, . -.46 - 89 - 37 
Ether, . rhe SSebeatiac - 40 —.29 
BD. 6.8 | 141.8 | 2729 
Oxygen from chlorate of pot- { .046, .059 122 
ST eo) ote sans Stivers imate 056 067 128 
Oxygen from electrolysis ozon- 117 181 wrote 
ized, . aie Cees on 108 Bi iyi eas 
ae .0278 0377 0496 
abit ak 0232 | 10880 | .0437 


RELATION OF MAGNETISM TO OTHER PHYSICAL 
PROPERTIES. 


Shocks, Jarring, or Vibration.—The effect of these in 
aiding the action of an inductive magnetic force was 
known to Gilbert; and it was also known to the earlier 
experimenters that the permanent magnetism of a 
body not subject to external magnetizing force was de- 
stroyed by like causes. The action is precisely similar 
to that found in the case of bodies temporarily or per- 
manently deformed by mechanical stress, and, again, 
to the first effects of temperature on bodies temporarily 
or permanently strained, or temporarily or permanently 
magnetized.® The effect may be conceived as consisting 
of a loosening of the molecules for the moment, so that 
they follow more easily any force acting on them whether 
mechanical or magnetic. The following parallel state- 
ments, taken from the results of Wiedemann, who has 
devoted much careful study to these phenomena, will ° 
sufficiently illustrate the matter :— F 

1. Jarring a body under I. Jarring a 


twisting stress causes in- bar under mag- Wiede- 
crease of twist. netizing force Seemed 
causes increase rR ccs oe 
of magnetiza- 
tion. 


II. Permanent magneti- 
zation in a bar is diminished 
by jarring. 


2. Permanent twist in a 
wire is diminished by jar- 
ring. 


5 Wied. Ann., 1882. 
6 Compare also the effect of the same causes on the temporary 
and residual charge of Leyden jars, art. ELecrriciry, vol. viii. 


p. 38 
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Ill. A bar permanently 
magnetized and then partly 
demagnetized loses or gains 
magnetization according as 
the demagnetization is small 
or great,! 


3. A wire permanently 
twisted and then partly un- 
twisted loses or gains twist 
when jarred according as the 
untwisting is small or great.t 


Minuter details regarding the effects of jarring will be 
found in memoirs by Wiedemann, Fromme, Auerbach, and 
others already quoted. The reader may also consult War- 

‘ burg, Pogg. Ann., 1870, and Villari, Pogg. Ann., 1869. 


Mechanical Strain produced by Magnetization.— 
The starting-point of accurate research on 


V i - . . . 
phic nerd this subject was the discovery made by 
themag- Joule’ in 1842 that a bar of soft iron 
pa lengthened when it was temporarily mag- 


netized in the longitudinal direction. When 
the magnetizing force was removed the bar shortened, 
but in general not quite to its original length, This 
residual extension was due in part to permanent mag- 
netism, but he found that the permanent magnetization 
due to a current 1088 was reversed from —1.3 to +.25 
by a current 175, while two-thirds of the permanent 
extension was still left. The actual elongation of an 
iron bar magnetized to saturation was found to be from 
mzo000th tO zpaaoeth of its whole length. The ex- 
tension varied approximately as the square of the in- 
tensity of magnetization (temporary or permanent). 
The general character of the “a aes is the same 
in soft or hard iron, and in soft or hard steel ;* but the 
effects are smaller with hard than with soft bars. 

It was found that longitudinal compression of the 
bar influenced the magnetic extension little 
if at all; on the other hand, longitudinal 
traction was found to diminish it, and in 
the case of thin wires under considerable tension the 
magnetization caused a contraction. Thus in the case 
of a bar 1 foot long, + inch in diameter, with a weight 
of 600 tb, there was neither extension nor contraction, 
even with a current of 1600; with weights of 1040 tb 
and 1680 th, and a current of 1804, there was a con- 
traction of .00002 inch and .000032 inch respectively. 
The contraction under tension was found to vary ap- 
proximately as the product of the magnetizing current 
and the intensity ee aston: After the magnet- 
izing. force was withdrawn the wire regained its original 
length, permanent magnetization notwithstanding. 

oule made careful experiments to determine whether 
the magnetization of an iron bar produced 


Effect of 
tension, 


Noaltera- any alteration of its volume, but could find 
yolume, none. He therefore concluded that the 


longitudinal extension of a magnetized bar 
_ is accompanied by an equal lateral contraction; and, in 
accordance with this conclusion, he found that when 
an iron tube is circularly magnetized, perpendicular to 
its length, by passing a current along its axis, it con- 
_ tracts longitudinally. 


The results of Joule have been verified and to some ex- 
tent added to by Wertheim, Buff,> Beez,® Tyndall,’ Mayer,® 
Righi®, and Ader.!© The three first experimented with 
magnetizing coils shorter than the bar, and found that the 
extension was much greater when the coil was near the 
free end than when it was near the fixed end of the bar. 
This of course raises the question how far the extension is 
due to electromagnetic action between the coil and the bar, 
and how far to internal molecular disturbance,.'! Mayer's 

results are in agreement with Joule’s except in the case of 
bars of soft steel, which (not under traction) when the 


1 It is possible in this way even to cause a wire to reverse its 
twist aoe a bar to reverse its magnetization by jarring, 

2 His attention had been drawn to the subject in 1841 by a Mr. 
Arstall, who had suspected the existence of some such effect. 
Joule’s papers on the subject are in Sturgeon, Ann. of El., 1842 and 
Phil. Mag., 1847. : 

®In tie case of a bar of hard steel he found a considerable in- 
erease in length every time the magnetizing current was inter- 
rupted. This he attributes to a state of “tension” in the harden- 
ed steel. 

4 Ann. d. Chim. et d. Phys., 1848. 

5 Cited by Wiedemann, Galv., ii. 3 504. 6 Pogg. Ann., 1866. 

if magnetism and Magnecrystallic Action, 1870. ; 

8 Phil. Mag., 1873. © Nuov, Cim., 1880. 
10 Comptes Rendus, 1880. 
ul See Wiedemann’s remarks, Galv., ii. 2 503. 
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magnetizing current was first established, elongated in some 
cases and retracted in others,—at the first break elongated, 
and subsequently retracted at make and elongated at break, 
Righi’s results for longitudinal magnetization are in agree- 
ment with those of Joule; he also gives a variety of inter- 
esting results regarding the effects of circular and longi- 
tudinal magnetization on the length of iron wires. Barrett}? 
has recently arrived at the interesting result that nickel 
behaves oppositely to iron,—retracting about zy4599th when 
magnetized to saturation; he gives for the elongation of 
iron and cobalt under like circumstances ggfyy5th and 
azpoooth respectively. 


Liffect upon Magnetization of Traction along the Lines 
of Magnetization.—Matteucci® seems to pect of 
have been the first to discover that when a traction on 
bar subject to a magnetizing force in the ™a#snetiza- 
direction of its length is stretched in the ae 
same direction its temporary magnetization increases. 
When the stretching force is removed the 


dj : f a Matteucci. 
magnetization again diminishes. Wert- 
heim™ confirmed Matteucci’s observation. Villari,® 
however, found that, after the first effect, Villari 


which is always increase, the application of 
the traction will cause increase if the intensity of mag- 
netization is not beyond a certain critical value, but 
decrease if that value is surpassed; the removal of the 
traction causes in each case the opposite effect to the 
application. 

The effect of the first traction on the permanent 
magnetization, whether of iron or steel, is a diminu- 
tion; the effect of subsequent tractions in steel is a 
diminution on application, with increase on removal; 
in soft iron an increase on application, a diminution on 
removal. Partial demagnetization of a steel bar by an 
opposite magnetic force causes it to behave like soft 
iron; when the demagnetizing force is sufficient to re- 
verse its polarity, the effect of even the first traction 
may be to increase the magnetization. 

Sir W. Thomson"® has carefully studied the phe- 
nomena in question, as exhibited in a very 
soft iron wire .075 em. in diameter perma- 
nently stretched by a weight of 1 th, and alternately 
stretched by weights of 7 tb, 14 tb, or 21 th, and un- 
stretched (so that there was no permanent elongation). 
As the magnetizing force was increased, the in- 
crease of magnetization caused by the application of 
traction increased to a maximum, then diminished, and 
became zero for a certain critical value of the magnet- 
izing force; after the critical value was passed, the 
traction caused a diminution of the magnetization, 
which increased asymptotically towards a fixed limit as 
the magnetizing force was increased more and more. 
The following table will give an idea of the results. 

I denotes the maximum increase, and D the limit of the 
decrease, roughly estimated in the same arbitrary unit; 
x)’ is the force corresponding to I, and H, the critical force, 
each expressed in terms of the earth’s vertical force at 
Glasgow as unit; T is the traction, ¢ the temperature, 


Thomson, 


al F Oe 
T t I D by D 
7 Ord. +31 ~6 5.9 3 
i 100° + 26 ~8 6.4 35 
if Ord. + 85 -14 4.8 25 
" 100° + 82 -9 4.5 25 
21 Ord. + 64 ~21 45 26 
ee 100° +51 -15 5.0 29 


Bars of nickel and cobalt were also examined; and 
it was found that after the first effect the result of ap- 
lying traction in the direction of magnetization was 
in both cases to diminish the magnetization. The effect 
appeared to increase up to a maximum, and then to 
diminish as the magnetizing force increased ; but the 


12 Nature, vol. xxvi., 1882. 

13 Comptes Rendus, 1847; Ann, d. Chim. et d. Phys., 1858. 
4 Ann. d. Chim, et d. Phys., 1857, 1858, 

16 Pogg. Ann., 1868, also 1865, 1869. 

16 Phil. Trans., 1876 and 1879, p. 55. 
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critical value was not reached with the largest forces 
employed. 

‘Traction perpendicular to the lines of magnetization 
was found by Thomson to diminish the magnetic sus- 
ceptibility. The experiment was made by means of a 


gun barrel magnetized longitudinally, and subjected to | 


internal hydrostatic pressure. 

The effect of pressure along or perpendicular to the 
magnetization would in all probability be opposite (and 
equal?) to that of an equal amount of traction; but no 
experiments have as yet been made on the subject.' 
The eftect of traction 1s therefore to produce magnetic 


zolotropy, the susceptibility being increased in the | 


direction of the stress and diminished in the perpen- 
dicular direction so long as the intensity of magnetiza- 
tion is not above a certain critical value; above that 
value the effects are reversed. The effect of pressure 
would be opposite in every particular. Hence the effect 
of a shearing stress would be increase of magnetic 
susceptibility along the principal axis of elongation, 
and decrease (to an equal extent?) along the principal 
axis of compression. 

Relations between Torsion and Magnetization.— 


Wiede- 


mann. Tor- after him by Beequerel and Wertheim.* 


sioand The whole subject was carefully studied by 
fagneaza- G, W. Wiedemann,‘ who has done more 


than any living physicist both in discover- 
ing new facts in this interesting 
ing those formerly known. We extract from his Gal- 
vanismus® the following series of parallel statements, 
which will serve the double purpose of making the 
reader acquainted with the principal facts, and of 
drawing his attention to the close analogy between the 
mechanical and magnetic properues of bodies, and 
to the almost perfect reciprocity of their experimental 


laws. 


1. The permanent torsion 
of iron wires is 


Parallel diminished by 
satemeu’s magnetization 
and mag- in a proportion 
netization, decreasing with 

increasing mag- 
netization. 


2. Repetition of magneti- 
zation in the same direction 
diminishes permanent tor- 
sion very little farther; but 
magnetization in the oppo- 
site direction causes a fresh 
and considerable diminution. 

3. When the permanent 
torsion of a wire has been 
removed as far as it can be 
by magnetizations within 
certain limits repeated alter- 
nately in opposite directions, 
it takes a maximum of tor- 
sion when magnetized in one 
direction, a minimum when 
magnetized in the other di- 
rection. 

4. A permanently twisted 
wire partially untwisted 
loses less of its twist when 
magnetized than an ordinary 
permanently twisted wire. 
If the untwisting has been 
considerable, feeble magnet- 
ization causes an increase of 
torsion, which rises to a 
maximum and then de- 
creases as the magnetization 
is increased. The greater 
the untwisting the stronger 
the magnetization corre- 


I. The permanent mag- 
netization of steel bars is di- 
minished by torsion in a 
proportion decreasing with 
increasing torsion. 


These were investigated by Matteucci,’ and | twists in the direction of the 


II. Repetition of torsion | 


in the same direction dimin- 
ishes permanent magnetiza- 
tion very little farther; but 
torsion in the opposite direc- 
tion causes a fresh and con- 
siderable diminution. 

Ill. When the permanent 
magnetization of a bar has 
been removed as far as it can 
be by twisting within cer- 
tain limits repeated alter- 
nately in opposite directions, 
it takes a maximum of mag- 
netization when twisted in 
one direction, a minimum 
when twisted in the other 
direction. 

IV. A permanently mag- 
netized bar partially demag- 
netized loses less of its mag- 
netization when twisted 
than an ordinary perma- 
nently magnetized bar. If 
the demagnetization has 
been considerable, feeble 
twist causes an increase of 
magnetization, which rises 
to a maximum and then de- 
creases as the twist is in- 
ereased. The greater the 
demagnetization the greater 


1 Pressure applied outside Thomson’s gun barrel would enable 
us to observe the effect of transverse pressure; and by rg ee 


izing the barrel circularly the effect of pressure along the 


of force could be determined. 
2 Comptes Rendus, 1847. | 
4 Pogg. Ann., 1858, 1859, 1860. 


ines 


3 Comptes Rendus, 1862. 
5 Bd. ii. 3 492. 


field and in co-ordinat- | 
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sponding to this maximum, 
and, when the untwisting 
is very great. the maximum 
may not be reached at all. 


5. If a wire under the in- 
fluence of a twisting stress 
is magnetized, the twist in- 
creases with weak but de- 
creases again with strong 
magnetization. The first ef- 
fect of magnetization is usu- 
ally to increase the twist; 
but, if the wire be jarred 
beforehand, the magnetiza- 
tion at once causes untwist- 
ing, which disappears when 
the magnetization ceases. 


6. If we magnetize an iron 
wire so that its free end has 
north polarity and then pass 
a current from the fixed to 
the free end, or first pass the 
current and then maguetize, 
the free end of the wire as 
seen from the fixed end 


hands of a watch. The re- 
version of current or of mag- 


netization reverses the 
twist; reversion of both 
leaves it unaltered. 

[It would appear that 


when the magnetizing force 
and the current are both in 
action the twist tends toa 
maximum when either is 
increased, the other remain- 
ing constant. ] 


the twist corresponding to 
this maximum, and, when 
the demagnetization is very 
great, the maximum may 
not be reached at all. 

V. If a bar under the in- 
fluence of a longitudinal 
magnetizing force is twisted, 
the magnetization increases 
with small twists but de- 
creases again with large 
twists. The first effect of 
twisting is usually to in- 
crease the magnetization ; 
but, if the bar be jarred be- 
forehand, the twist at once 
causes a decrease, which dis- 
appears when the _ twist 
ceases. 

VI. If we twist the free 
end of a wire in the direction 
of the hands of a watch as 
seen from the fixed end, 
while a current from fixed 
end to free end either is 
passing through it or has 
passed through it, the wire 
becomes longitudinally 
magnetized so that its free 
end has north polarity. The 
reversion of current or of 
twist reverses the magneti- 
zation; reversion of both 
leaves it unaltered. 


The alterations of the longitudinal and circular magnet- 


ization of iron wires may be shown by the induced currents 
thereby caused in a coil surrounding the wire or in the 
wire itself. For example, if an iron wire be circularly 
magnetized by passing a current through it, and then 
twisted in either direction, an induction current flows 


' through the wire inthe same direction as the original cur- 


rent; and an opposite current is observed when the wire is 
untwisted again. This shows that twisting the wire di- 
minishes the permanent circular magnetization, while un- 


| twisting partially restores it.® 


The relation between bending stress and magnetization 
has been studied by Guillemin,? Wertheim,’ Ader,’ and 
Kimball ;!° but the results are not of sufficient interest to 
be cited here. The question has also been raised whether 


| magnetization affects the elasticity of bodies, and has been 


answered by Wertheim and Wartmann in the negative. 
Both Kimball?!° and Piazzoli™ find that the breaking ten- 
sion of iron wires is increased by longitudinal magnetiza- 
tion ; the former puts the increase at 0.9 per cent. when the 
wire is saturated. 

This is the place to mention the so-called ‘‘ magnetic 
sounds’’ which accompany the magnetiza- 
tion and demagnetization of the strongly 
magnetic metals. It is now established "0s 
beyond all doubt that these sounds have their origin 
partly at least in the mechanical strains accompanying 
magnetization. In many cases direct magnetic or 
electromagnetic action, and even electrostatic and 
thermal actions, concur in producing them, and it is 
often difficult to say how much is due to each of these 
several causes. This is especially to be observed where 
the sounds are produced by the passage of interrupted 
or undulatory currents through wires of the strongly 
magnetic metals. A full discussion of the matter be- 
longs more properly to the subject of electric tele- 
phony; but a few notes on the history and literature 
of the subject may be given here. 


Page}? seems to have been one of the first to notice 


Magnetic 
sounds, 


6 See Wiedemann and Villari, J.c.; also Gore, Phil. Trans., 1874; 
H. and F. Strenitz, Wien. Ber., 1877; Hughes, Proc. Roy. Soc. 


Lond., 1881. 
7 Comptes Rendus, 1846. 8 Tb., 1846, ete, 
9 Ib., 1879. 10 Sill. Jour., 1879. 


41 Wied. Beibl., 1880; see also Hoffmann, Jb. 


12 Pogg. Ann., 1888. 
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phenomena of the kind; but Joule’ appears to have first 
stated clearly that magnetic-mechanical strain was a spe- 
cific cause. He says that the magnetic extension in the 
core of an electromagnet takes place so suddenly that the 
shock is sensible to the touch, and is accompanied by a mu- 
sical note arising from vibration in the metal. Marrian,?” 
Matteucci,® Beatson, and Wertheim 4 all took up the mat- 
ter; and De la Rive® published many investigations con- 
cerning it. In 1861 Reiss published the invention of an 
electric telephone for the transmission of music and speech, 
which depended essentially on the magnetic sounds pro- 
duced by a varying current in an iron core. This instru- 
ment was the prototype of the telephone of Gray, and of 
the still more famous instrument of Bell, whose action, al- 
though often described as purely electromagnetic, is no 
doubt in part due to the magnetic strains. Among the 
more recent investigations on this. subject may be men- 
tioned Ferguson, Proc. Roy. Soc. Edin., 1878 and 1880; Ader, 
Comptes Rendus, 1879; Du Moncel, Ib.; Chrystal, Nature, 
vol. xxii., 1880; Hughes, Proc. Roy. Soc. Lond., xxxi. and 
XXxii., 1881. 


General Remarks.—Wiedemann has remarked with 
justice that most of the effects of strain upon mag- 
netization and vice versa are complex. Apart from the 
possible admixture of direct magnetic action, we must 


Effects 


ebmplex, jarring: thus the first application of a me- 


chanical stress has the same effect as a 
shock, 7.e., it loosens the molecules of the body, as it 
were, and renders them more ready to follow any in- 
ductive magnetic force, while the first effect of mag- 
netization upon a body under stress is precisely similar, 
and may in fact be imitated by mechanical jarring pure 
and simple; (2) after-effect, whether mechanical or 
magnetic, the consequence of which is that the effect 
due to any mechanical stress or magnetizing force is 
affected by pre-existing stress and magnetization; (3) 
the proper effect of mechanical stress or magnetic force, 
-which appears at once where one or the other is ap- 
plied, and disappears when it is removed. 

In his excellent analysis of the phenomena, Wiede- 
mann co-ordinates them throughout by 


Theory of means of an extension of Weber’s theory of 
magnets. ‘‘molecular magnets’’ (Drehbare Molecu- 


larmagnete\. -This of course involves an 
a to pass beyond the mere results of experience ; 
and there can be no question that, on the whole, this 
theory explains the facts in a highly instructive and 
suggestive manner. The main defect in it is the mul- 
titude of assumptions and the want of clearness and 
definiteness in its conclusions. Thus it is sometimes 
not easy to see why exactly the opposite conclusions 
should not be drawn; and it appears hopeless to bring 
it to the test of a quantitative comparison with experi- 
ment. 
Without entering into the ultimate causes of mag- 
netism, we might endeavor to reduce the 


Fossiple on Phenomena to the smallest number of ex- 
between perimental facts. Thus, assuming merely 
pe il the effects of longitudinal and_ transverse 
nomena, traction upon magnetization and the mag- 


netic extension and compression along and 
perpendicular to the lines of magnetization, we might 
explain many of the results concerning the relation 
between torsion and magnetization. 


Let us take for example No. VI. of Wiedemann’s parallel 
statements. In fig. 44 let the upper end of the wire be the 
fixed end, and let P be a point in any of the thin coaxal 
cylindrical shells into which the wire may be supposed di- 
vided. First suppose the wire to be circularly magnetized 
by the action of a downward current, the resultant magnetic 
force at P being in the horizontal direction PB. If now 
the wire be twisted in the direction of the arrow T, it 
requires two axes of greatest and least magnetic suscepti- 
bility Pe and Pr. The resultant magnetic force PB being 
resolved along these axes will induce more magnetism 
along Pe than along Py; hence the eolotropy will cause 
the resultant magnetization to take the direction PB’; 


1 Sturgeon, Ann. E/., 1842; Phil. Mag., 1847. 
2 Phil, Mag., 1844. 3 Wied., Galv., ii. 2 515, 4 Ib 
5 Comptes Rendus, 1845; Phil. Trans,, 1847, etc. 

Vou. XV.—700 : 


distinguish (1) the mere disturbing effect of 


273 


it will therefore have a positive vertical component down- 
wards, which agrees with statement 
VI. In facet the twisting converts 
the circular lines of magnetization 
into right-handed helices. ; 

Next let us suppose the wire un- 
twisted to begin with, but magnetized 
both circularly and longitudinally, the 
components being PB and PA. The 
resultant magnetization will then have 
some direction such as Pe, but, by 
Joule’s principle, this will cause exten- 
sion along Pe and compression along 
the perpendicular direction Pr; conse- 
quently the wire will twist in the di- 
rection of the arrow T, which agrees 
with statement 6. Moreover, since 
magnetization along PB alone would 
simply cause the tube to expand along 
a horizontal section, and magneti- 
zation along PA alone would simply 
cause longitudinal extension, it is clear 
that when either A or B is given the 
twisting reaches a maximum and then 
diminishes when the other is increased.§ 

It does not seem unreasonable to’ expect that a gene- 
ral mechanical theory of this kind will yet be found to 
co-ordinate all the facts; although there are difficulties 
in its way at present.?7’ The phenomena will then be 
reduced to two or three experimental facts at the ut- 
most, which it will be the business of some ultimate 
dynamical theory of magnetism to explain. 

Effect of Temperature.—Some information on this 
subject has been given incidentally above, p. 258. We 
collect here a few additional facts; but a complete ac- 
count of all that has been done could not be compressed 
within our available space, owing to the great diversity 
of opinion upon the subject. That the question isa 
very difficult one will appear at once, if we reflect that 
variations of temperature influence the density and 
molecular structure of magnetic bodies to a remarkable 
degree, and that thus secondary influences arise in ad- 
dition to the proper effect of temperature. 

That very hick temperatures destroy both the mag- 
netic susceptibility and the power of retain- 
ing magnetism altogether has been known 
since the infancy of magnetic science. Thus 
Gilbert found that a loadstone and a piece of 
iron equally lost their power of affecting the 
magnetic needle when heated very hot, and remarks 
that the magnetic property returns to the iron after 
it has cooled a little, but that the magnetic virtue of the 
loadstone is altogether destroyed.§ Similar results 
were obtained by Brugmans, Boyle, Cavallo, Barlow 
and Bonnyeastle, Christie, Ritchie, Erman, Scoresby, 
Seebeck, and others. T'araday® found that a steel 
magnet lost its permanent magnetism rather suddenly 
at a temperature a little under the boiling-point of 
almond oil; it behaved like soft iron till it was raised 
to an orange-red heat, and then it lost its magnetic 
susceptibility and became indifferent. The tempera- 
ture at which retentive power for permanent magnet- 
ism was lost appeared to vary in steel with the hardness 
and structure; in fragments of loadstone it was very 
high; they retained their permanent magnetism until 
just below visible ignition in the dark, put, on the 
other hand, they lost their susceptibility at dull igni- 
tion, 7.e., at a much lower temperature than iron. 
Nickel was found to lose its magnetic susceptibility at 
a much lower temperature than iron, viz., about 330° 
to 340° C.%° Cobalt is much more refractory, for it re- 
tains its susceptibility, according to Faraday, nearly up 
to the melting-point of copper, 7.¢., to a white heat. 

6 According to the results of Villari and Thomson, if the mag- 
netization were beyond a certain critical value, Pe would become 
an axis of compression and Pr an axis of extension, in which case 
the wire would twist in the opposite direction. 

7 See Thomson, Phil. Trans., 1879, p. 78. Not the least of these 
arise from gaps in our experimental knowledge; ¢.g., regarding 
the effects of permanent set caused by traction and compression. 

8 De Magnete, lib. ii. cap. 3. 


9 Exp. Res., vol. ti. p. 220, 1836. ; ; 
10 According to Becquerel about 400° C., according to Pouillet 


Fie. 44. 


Destruction 
of magnet- 
ism by very 
high tem- 
perature. 


"| about 350° C, 
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The writer had occasion to verify these results in the 
course of some experiments on the magnetic sounds in 
wires of iron, nickel, and cobalt traversed by an inter- 
rupted current of electricity.' ; 

The effect of extreme cold, produced in the ordinary 
way by means of solid carbonic acid and 
ether, was, according to Trowbridge,’ to 
diminish the moment of a steel magnet 
(magnetized at 20°C.) by about 60 per cent. 

he effect of moderate alteration of temperature 
varies greatly according to circumstances. 
We shall consider separately the effect upon 
the magnetic susceptibility and upon the 
permanent magnetism; but it must be 
noticed that no such separation is possible in actual 
experiment. 

‘he temporary magnetism of bars of cast iron, smithy 
Effect on Fon, soft iron, soft steel, and hard steel 
magnetic magnetized by the earth’s vertical force was 
susceptibil- found by Scoresby® to be insensible at a 
el white heat, but to be much greater at a 
dark red heat than at the temperature of the air. The 
difference was most marked in the case of hard steel, 
no doubt partly because of the softening of the bar. 
Similar experiments were made by Barlow, Seebeck, 
and others. Kupfert experimented on the subject 
using variations of temperature between 0° and 100° C., 
and found the susceptibility of soft iron to increase 
with the temperature. Wiedemann’s con- 
clusion is that the first alteration of tem- 
perature, whether increase or decrease, 
increases the temporary magnetism of iron or steel, 
whatever the temperature at starting. If the tem- 
perature be repeatedly altered and brought back to its 
initial value, ths magnetization continues to increase, 
but after a timé becomes more and more nearly con- 
stant at the initial temperature. After this state has 
been reached, an increase of temperature causes in- 
crease of magnetization in very hard steel bars, a de- 
crease of temperature a decrease of magnetization ; 
the behavior of soft steel bars is exactly opposite. 

Baur’ and Wassmuth® have recently taken up the 
matter with all the advantages of modern 
experience. ‘lhe former concludes from 
his experiments on iron by the ring method, 
at temperatures between 0° and 150° C., that the mag- 
netic susceptibility for a given magnetizing force in- 
creases with the temperature if the force be below a 
certain critical value (3.6 or so), but decreases as the 
temperature increases if the force be above that value.’ 
The smaller the magnetizing force the greater the in- 
fluence of temperature on the magnetic susceptibility. 
The result of his experiments at very high tempera- 
tures is that, for small magnetizing forces, the suscep- 
tibility at first increases rapidly as the temperature 
increases, reaches a maximum at red heat, and then 
falls suddenly to zero. For large forces, the suscepti- 
bility decreases gradually until red heat, and then falls 
suddenly to a very small value. According to him, if 
a bar be cooled from white heat the first traces of sus- 
ceptibility are observed at a very bright red, the 
brighter the greater the magnetizing force. He gives 
a variety of interesting results concerning the phe- 
nomenon of Gore,® all in accordance with what we 
have just stated. 

In his earlier researches Faraday was unsuccessful 
in obtaining any evidence of the influence 
of temperature on the susceptibility of 
weakly magnetic bodies, such as the chlo- 
rides of the magnetic metals or of diamagnetic bodies.® 
His earliest results were obtained with gases, and that 


Effect of ex- 
treme cold. 


Moderate 
variations 
of tempera- 
ture, 


Weidemann’s 
results. 


Baur’s re- 
sults. 


Diamag- 
netism of 
flame. 


1 Nature, vol, xxii., 1880. F 
2 Sill. Jour., 1881. 3 Phil. Trans, Roy. Soc. Edin., vol. ix. 
4 Wied., Galv, ii. } 521. 

5 Wied. Ann., xi., 1880. 6 Wien. Ber., 1880, 1881, 1882. 

7 See the results of Faraday, Exp. Rex,, ser. xxx. 3424, ete, 

8 Phil. Mag., 1869, 1870. 

® Exp. Res., 2359, 2397, 1845, 
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too, strange to say, before the magnetic character of 
gases was fully investigated. It was Ban- 
calari’s discovery of the extraordinary be- 
havior of flame between the poles of an electromagnet 
that led Faraday to resume his magnetic 


Bancalari. 


: a Faraday’s 
experiments on gases. Flames of all de- eee: 
scriptions are strongly repelled from the 7S 
axial line of a heterogeneous magnetic field, pases: 


—so much so that it is impossible to induce 

the flame of a candle to go between the pointed poles 
of a powerful electromagnet when they are place ata 
short distance apart. The flame is blown aside, or 
even downwards, as if by a strong current of air issu- 
ing from between the poles. Ifa flat pointed flame is 
placed with its centre a little below the axial line, when 
the magnet is excited it drops down and spreads out 
below and around the axial fist assuming a fish-tail 
shape. It appears that the effect is not due to the 
solid matter in the flame, but simply to the hot gases 
in it; for the upper and cooler part of the stream of 
smoke from a freshly ea oe, taper is scarcely 
affected, while the lower hotter part is most power- 
fully acted upon, being blown aside and often aes into 
two independent streams. <A careful investigation led 
Faraday to the conclusion that oxygen, carbonic acid, 
and coal gas are rendered more diamagnetic, or, what 
is the same thing so far as the resultant differential 
action is concerned, less magnetic by heat,’ and that 
this effect was much greater than could be accounted 
for by the mere rarefaction of the gas. He likewise 
obtained an increase of the susceptibility of oxygen by 
cooling it with ether and solid carbone acid. i 


lid cai itrogen 
appeared to be altogether indifferent. He found ina 
later series" of experiments that the magne-—pmaot of 


cerystallic property of bismuth was destroyed hea 
at a temperature a little below its melting ce 
point, a that the same thing happened to 4, 
crystalline antimony a little below red heat. 
In the thirtieth series of his experimental researches he 
states that between 35° and 142° C. the susceptibility 
of a specimen of spathic iron ore perpendicular to its 
magnetic axis decreased by .333 per cent. per degree cen- 
tigrade of rise of temperature ; this agrees very closely 
with the formula which was found by Wiedemann to 
represent very approximately the temperature effect for 
salt solutions, viz., /,=/y (1—.00325 t), For the de- 
crease in the magnecrystallic couple, or, which is the 
same thing, in the difference between the susceptibili- 
ties along and perpendicular to the magnetic axis, he 
found for the spathic iron ore .482 per cent. between 
0° and 138° C., and the percentage of decrease was 
four times as great between — 14° and 0° as between 
129° and 143°. he corresponding decrease in the 
case of crystalline bismuth between 36° and 137° C. 
was -53 per cent. he experiments: of Pliicker and 
Matteucci led them to conclude that the susceptibility 
of diamagnetics diminishes with increase of tempera- 
ture; in the case of bismuth the decrease between 
ordinary temperatures and its melting point is said to 
be about one sixth or more. 

Canton seems to have been one of the first to study 
the effect of moderate variations of tem- Biket of 
perature on the permanent magnetism of heat ed 
iron and steel. he results of his and permanent 
Hallstrém’s experiments went to show that ™#snetsm. 
permanent magnetization decreases when the tempera- 
ture rises, and increases again when the temperature 
falls. In reality, however, as was shown by Kupfer, 
Riess and Moser, G. Wiedemann, and others, the 
phenomenon is complicated ; for, if we repeatedly heat 
a magnet and allow it to cool to its initial 


t on sus- 
ptibility 
in weak 
agnetics. 


temperature, the magnetization lost at ieee 
each heating is only partially recovered on effect. 


cooling, and thus a progressive loss goes on, 7 


until at, last a constant state is reached, in which the 
magnetization lost on heating is completely recovered 


10 Exp. Res., vol. tii. p. 486. ll Exp. Res, 2570 sq., 1848, 
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on cooling. In this respect, as well as in the effect on 
the magnetic susceptibility already discussed, there is 
an analogy between the effect of temperature and the 
effect of strain ; 7.e., there is a first or permanent effect 
and a proper or temporary temperature effect. The 

ermanent effect is that any alteration of temperature, 
be it increase or decrease, diminishes the permanent 
magnetization just as a shock or a jar would do, and 
Properor Probably for a similar reason. ‘The proper 
temporary or temporary effect consists in a decrease of 
effect, magnetization with increase of tempera- 
ture, which is completely recovered on decrease of 
temperature and vice versa.1 If this be borne in 
mind, together with what has already been said above, 
it will not be difficult for the reader to see that the 
order and amount of the temperature variations, the 
hardness and form of the bar, and its magnetic history 
will all influence the temperature coefficient. 


To take one example, Wiedemann found that a bar mag- 
netized at 0° C. and then partially demagnetized by an op- 
posite force, lost magnetism when heated; if the demag- 
netization was not carried too far, it did not when cooled 
again to 0° wholly recover what it had lost. If the demag- 
netization was carried a certain length, it recovered all that 
it had lost; if farther still, more than it had lost. It was in 
fact found possible to demagnetize a bar, so as to render it 
apparently unmagnetic, and then to restore part of its ori- 
ginal magnetism by merely heating and cooling it again. 
Similar phenomena were observed with a bar magnetized 
and demagnetized at 100°, and then alternately cooled and 
heated. Unverdorben,? who arrived somewhat later at 
similar results, represents the matter by saying that the 
bar in this case has two magnetizations superposed, each 
having its own temperature coefficient. 

The following are a few additional references to sources 
of information concerning the present subject: Mauritius, 
Pogg. Ann., 1863, and Phil. Mag., 1864; Jamin and Gaugain, 
Comptes Rendus, passin; Favé, Ib., 1876; Poloni, Wied. 
Beibl., 1878, 


Development of Heat during Magnetization. —Rea- 
soning on purely thermodynamic principles 


A from the results of Faraday, as to the in- 
sions. fluence of temperature on the magnetic 


properties of bodies, Thomson’ has con- 
cluded—(1) that a piece of soft iron at a moderate or 
low red heat, when drawn gently away from a magnet, 
experiences a cooling effect, and, when allowed to 
approach, a heating effect, and that nickel at ordinary 
temperatures and cobalt at high temperatures (between 
the melting-point of copper and some lower tempera- 
ture) experience the same kind of effect; (2) that 
cobalt at ordinary temperatures and up to the tem- 
perature of maximum permeability experiences a cool- 
ing effect when allowed to approach a magnet, and 
heating when drawn away; (3) that a erystal in a 
magnetic field experiences cooling when the axis of 
greatest paramagnetic or of least diamagnetic suscepti- 
bility is turned from along to across the lines of force, 
and vice versa. 

Besides these considerations, the fact that those who 
adopt the molecular magnet theory are obliged to 
assume something of the nature of a frictional resist- 
ance to the turning of the magnetic molecules, and 
generally, without reference to any particular theory, 
many of the phenomena of coercive force,* lead us to 
suppose that some specific development of heat may 


1 To give the reader an idea of the magnitude of this effect, we 
may mention that Whipple in determining the temperature cor- 
TecHons for magnetometer magnets, at Kew, according to the 

ormula 


K,=K,{1-a(t-%)-a'(t-t) }, 


found for the coefficient g values varying from .000762 to .000044, 
with a mean of .000161; and for g from .00000398 to .00000001, with 
amean of. (Proc. Roy. Soc. Lond., 1877). 

2 Quoted in Lamont, Handb. d. Mag., 782. An account of La- 
mont’s own researches will be found in the same place, 

8 Phil, Mag., 1878; or Nichol’s Cyclopxdia, 2a ed., 1860. 

4 See the paper of Warburg quoted above, p. 260, 
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accompany magnetization and demagnetization. The 
| experimental verification of this suspicion 


7 pe Experi- 
is, however, a matter of great difficulty, mental 
owing to the enormous generation of heat cai. 


arising secondarily from induced currents 
in the mass of the metal. The development caused 
by magnetization and demagnetization was taken ad- 
vantage of by Joule in one of his determinations of 
the mechanical equivalent of heat, but he makes no 
attempt to separate the effect of the two causes, 
indeed it did not concern his purpose to do so.° 
Notwithstanding that several experimenters have at- 
tacked the problem, it cannot be said that it is yet 
completely solved. It will therefore be best simply to 
call the reader's attention to some of the papers that 
have been published on the subject, and leave him to 
form his own judgment. 

See Von Breda, Pogg. Ann., 1846; Grove, Phil. Mag., 1849; 
Edlund, Pogg. Ann., 1864; Villari, N. Cim., 1870; Cazin, 
Comptes Rendus, 1874; Herwig, Wied. Ann., iv., 1878; Trow- 
bridge, Wied. Beibl., 1879. 

Miscellaneous Relations of Magnetism to other Phy- 
sical Properties.—According to Maggi® the 


, 5 5 , - Thermal 
thermal conductivity of magnetized iron is conduc- 
less along the lines of force than across tivity. 


them. Naccari and Bellati? were unable to verify this 
result ; Tomlinson,’ however, found that the conduc- 
tivity of iron and steel bars was diminished by longi- 
tudinal and increased by transversal magnetization. 
Abraham, Edlund, Mousson, and Wartmann all 
made experiments in search of a magnetic 


2 - . sid : Electric 
alteration of the electric conductivity of conduc- 
iron. ‘Thomson seems, however, to have UV ALY. 


been the first to arrive at any definite result. He 
found the conductivity to be diminished along the 
lines of magnetization and increased across them. 
Beez"® verified the former result, but doubts the latter, 
which he is inclined to explain as a secondary effect 
caused by the compression of the iron arising from 
the external magnetic action on the plates used in 
Thomson’s experiments. 

Thomson also found" that the thermoelectric quality 
of iron was affected by magnetization; the 


; : Thermo- 
thermoelectric current flowed from unmag- eleetro- 
netized to longitudinally magnetized, and esol 


from transversely magnetized to unmag- 

netized or longitudinally magnetized iron through 
the hot junction. In the case of nickel, the current 
flowed from longitudinally magnetized to unmagnet- 
ized through the hot junction, 7.e., nickel behaved op- 
positely to iron. ‘Thomson’s results have been in part 
confirmed by a recent investigation of Strouhal and 
Barus.” 

A relation between magnetism and light was first 
established by Faraday’s discovery of the 
magnetic rotation of the plane of polariza- 
tion of a ray passing along the lines of 
force, This subject belongs more properly to physical 
optics, but there is one magnetic phenomenon appa- 
rently closely connected with it which falls to be men- 
tioned here. ‘This is Hall’s discovery ® 
that, if an electric current flow in a thin 
metallic strip in a direction AB, the effect 
of placing the strip in a magnetic field with its plane 
perpendicular to the lines of force is to cause a trans- 
verse electromotive force perpendicular to AB, which 
changes in sign when the direction either of the cur- 
rent or of the magnetic field is changed. ‘This trans- 
verse electromotive force is proportional to the pro- 
duct of the current intensity and the strength of the 
magnetic field; ceteris paribus, its direction in the 
case of iron is opposite to that in other metals, and its 
magnitude is also greatest with iron. This discovery 


Magnetism 
and light. 


Hall’s phe- 
nomenon, 


5 Joule, Phil. Mag., 1848. 

6 Archives de Geneve, 1850; or Wied., Galw., ii. 2 510. 

7 Wied. Beibl., 1877. 8 Proc, Roy. Soc. Lond., 1878. : 
9 Phil, Trans., 1856. 10 Pogg. Ann., 1866. lt Loe. cit, 
12 Wied. Ann., xiv., 1881, 18 Phil. Mag. [5], ix. and x., 1880. 
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establishes the existence of the rotatory coefficient of] men to another. 


resistance mentioned by Maxwell? in his discussion of 
zeolotropic conductivity ; and Rowland has shown that 
the phenomenon is probably due to the same cause as 
the magnetic rotation of the plane of polarization.? 
If, as modern physicists suppose, magnetism be a 
dynamical phenomenon, time must enter as 
a conditioning element. The question has 
been raised how long any magnetizing force 
takes to develop the maximum magnetization that it 
is capable of producing. There are many facts that go 
to prove that this time is very small, or, at all events, 
that any force develops a very large fraction of the 
total magnetization due to it in a very short period of 
time. Perhaps the most wonderful evidence on this 
head is the Pact that the telephone, which depends 
essentially on varying magnetic action, can reproduce 
the sounds of human speech even to the consonants.® 
Experiments bearing directly on the subject have been 
made by Villari.* A flat cireular disk of flint glass 
was placed between the poles of a Ruhmkorff’s appa- 
ratus for measuring the magnetic rotation of the plane 
of polarization. The axis of the disk was perpendicu- 
lar to the axial line, so that rotation brought the dif- 
ferent radii successively into the line of sight. When 
the disk was at rest the magnetic action in one experi- 
ment caused a rotation of 19 divisions; spinning the 
disk at the rate of 110, 121, 143, and 180 turns per 
second reduced the magnetic rotation of the plane of 
polarization by 2, 5, 10, and 17 divisions respectively ; 
the reduction was less the greater the magnetic force. 
From this Villari concluded that in flint glass not less 
than 0.001244 second is required to produce such a dia- 
magnetic intensity as can be observed by the rotation 
of the plane of polarization, and that 0.00241 second 
at least is required to develop the greatest diamagneti- 
zation of which this substance is capable; he also states 
that the diamagnetism lasts for less than 0.00018 sec- 
ond after the inducing force is withdrawn. <A series 
of interesting experiments on the oscillation of the 
plane of polarization caused by the oscillatory dis- 
charge from a Leyden jar recently made by Bichat and 
Blondlot® led them to a different conclusion, viz., that 
if any lagging of the induced magnetization behind 
the magnetizing force exists it is less than 0.000033 
second. No explanation has been given of the dis- 
crepancy of these results. 
In the early part of this century there was an ani- 
mated controversy as to whether light 


Effect of 
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pirect exerted a direct influence upon magnetiza- 
of light tion, in which Morichini, Mrs. Somerville, 
upon mag- Christie, Riess, and Moser, and many oth- 
netization. 


ers took part. Nothing definite, however, 
was established. A similar fate befell the attempts to 
trace the influence of magnetic force upon crystalliza- 
tion, and to detect a relation between magnetism and 
gravity,® although both quests at one time or another 
engaged the skill of Faraday. 


Forms, CoNSTRUCTION, AND PRESERVATION OF 
MAGNETS. 


This subject has occupied a large portion of most of 
the earlier treatises on magnetism. Much of the 
information given, however, either has now been rec- 
ognized to be of questionable value or has been super- 
seded by recent progress, and retains a merely anti- 
quarian interest; a few brief remarks, mainly histor- 
ical, will therefore be sufficient. 


The oldest form of magnet was a piece of magnetic iron 
ore or loadstone. The power of these natural 
magnets varied exceedingly from one speci- 


1H. and Mag., vol. i. 2303. See also Stokes, Camb. and Dub. 
ee aie vi., 1851; and Thomson, Trans. R.S.H., vol. xxi: p. 
165, 5 

2’ Am. Jour. of Math., 1880; Phil. Mag. [5], x., 1880, and xi., 1881. 

8 See also an article by the writer, Phil. Mag. [5], ii., 1876. 

4 Pogg. Ann., 1879. 

5 Comptes Rendus, 1882. 

6 For the literature, see Wied, Galv., 22 688, 689. 
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An elaborate discussion of the various 
kinds of loadstone 
will be found in 
Gilbert’s De Mag- 
‘nete.? In order to 
increase the carry- 
ing power, the 
loadstone was usu- 
ally fitted with 
armatures of soft 
iron upon its polar 
regions; figure 45, 
taken from Gil- 
bert, represents one 
of the oldest arrangements. Figure 46 is taken from a load- 
stone in the collection of physical apparatus belonging to 
the university of Edinburgh, the carrying power of which 
is 205 Ib. A loadstone in the Teylerian Museum at Haar- 
lem has a carrying power of 230 Ib; and one at Lisbon, 


presented by the emperor of China to King John V. of 
Portugal, is said to support as much as 300 lb. Small load- 
stones are often very powerful in proportion to their 
weight; e. g., Newton is said to have worn in a ring one 
that weighed only 3 grains, and yet was able to carry about 
746 grains; and one in the physical collection at Edin- 
burgh, formerly belonging to Sir John Leslie, weighing it- 
self 35 grains, had at one time a carrying power of 1560 
grains. 

The introduction of steel magnets, and the perfection to 
which they were gradually brought, caused Steel 
the loadstone to fall into disuse. It is said magnets, 
that Galileo possessed the art of making steel 
magnets about the beginning of the 17th century. It was 
early discovered that the earth’s force could be utilized 
in magnetizing steel. Gilbert was aware that a feeble 
magnetization could be produced in this way; and Michell, 
in his treatise on artificial magnets, minutely describes 
how weak magnets may be made by means of the earth’s 
force, then combined into bundles or “ magazines” and 
used in turn to produce stronger magnets, these used to 
produce still stronger, and so on. 

The earliest process of all was no doubt the method of 
rubbing or touching by another magnet. This method of 
making magnets was studied with much attention by the 
natural philosophers of the 18th century, among whom we 
may mention Savery, Knight, Duhamel, Le Maire, Canton, 
Michell, Zpinus, Coulomb, and Euler. The Single 
method of single touch consists simply in touch, 
stroking the bar to be magnetized alternately ‘ 
on its two halves with the south and north poles of a load- 
stone or bar magnet, the stroke beginning always at the 
middle and ending at the end. According to Lamont, the 
best plan is to lay the magnet flat, overlapping one half of 
the bar to be magnetized, and then draw it off; when the 


7See also Gehler’s Physikalisches Worterbuch, art. “ Magnetismus.” 
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magnet is held perpendicular to the bar during the process, 
the result is apt to give an irregular magnetization; e. g., 
we may even get a magnet with its two ends north poles 
and with a south pole in the middle, or one with four poles, 
a north and south pole at the two ends and a south and 
north pole in the middle.! 

The first improvement on single touch was double touch 
mauble with separate magnets. This consists in using 
touch. two magnets simultaneously on the two halves 

of the bar undergoing magnetization. The 
north pole of one and the south pole of the other are placed 
either close together, or at a small distance apart near the 
middle of the bar, and then each is drawn toward the end 
of the half on which it lies; according to Lamont, here, as 
in single touch, the magnets should be laid flat on the bar,” 
Michell introduced the further improvement of using two 
bar magnets (or bundles of such) fastened together and 
kept parallel at a small distance apart by means of small 
pieces of wood, the north pole of one being conterminous 
with the south pole of the other. This pair is placed verti- 
cal with one end on the middle of the bar, drawn toward 
ene end and slipped off, then replaced on the middle and 
drawn to the other end, and so on alternately until the 
moment of the bar ceases to increase any farther. Instead 
of the pair of bar magnets a horseshoe magnet might of 
course be used. 

Le Maire’ introduced the essential improvement of plac- 
ing the bar to be magnetized upon a larger bar, and then 
magnetizing the two together. The advantage of this is 
best seen in the form of the same device adopted by Canton* 
and Duhamel,* who magnetized steel bars in pairs, connect- 
ing them up parallel to each other by means of two pieces 
of soft iron, and then magnetizing them in opposite direc- 
tions. It is easy to see that the magnetization of the one 
reacts on the magnetization of the other and strengthens 
it. Michell* obtained a similar advantage by magnetizing 
a number of bars placed end to end in a line; he found, as 
was to be expected, that the end bars were weaker, but this 
defect he remedied by repeating the process with the bars 
arranged in a different order, Coulomb’s method was to 
place the ends of the bar on the north and south poles of 
two bar magnets arranged in line at the proper distance 
apart. This process of connecting up the bars to be mag- 
netized in a close magnetic circuit is sometimes called cir- 
cular touch; it can be applied to horseshoe magnets by 
placing a pair of them with their ends together, and then 
passing round and round upon them a horseshoe magnet 
or a pair of bar magnets arranged as already described® 

Immediately after Cirsted’s discovery of the magnetic 
action of the galvanic current, Arago,’ Boisgi- 
raud,® and Davy almost simultaneously ap- 
plied this property to the magnetization of 
iron and steel.? Powerful electromagnets, with cores 
of soft iron, were first constructed a few years later 
by Sturgeon and Brewster. Pohl, Moll, and Pfaff in 
Germany, and Henry and Ten Eyck in America, may 
be mentioned as the most successful of the early con- 
structors. One of the electromagnets of Henry and 
Ten Eyck reached a carrying power of 2061Ib; but mag- 
nets specially constructed for carrying power have sur- 
passed this limit. Asa specimen of scientific toys of this 
description may be mentioned the electromagnet of Roberts 
(fig. 47), which consists of a square block of iron deeply 
slotted with four parallel grooves into which three layers 
of copper wire cable are wound in zigzag fashion so that the 
current converts the flanges alternately into north and 
south poles; the armature is a square block planed to fit 
the face of the magnet. The carrying power of a machine 
of this kind was 29491b, 7.e., more than 1} tons. 

The forms of electromagnet used in the arts, eg., in 
electric bells, fire alarms, telegraphs, telephones, electric 
light regulators, dynamo machines, etc., are simply in- 
numerable. It will be suflicient to allude to those 
constructed for the purpose of producing an intense 
magnetic field, uniform or non-uniform, over a larger or 


Electro- 
magnets. 


1 Poles situated abnormally in this way are called ‘ consecutive 

oints.”” 
A 2 This method appears to have been invented by Knight (about 
1740), and used in producing the powerful magnets for which he 
was famous. The secret of his process was never divulged by 
himself, but was published by Wilson after his death. See art. 
MAGNETISM, 8th edition of Lncyclopxdia Britannica, 

8 Mém. d.l Acad. d. Paris, 1745 and 1750. 

4 Phil. Trans., 1751. 

5 Treatise of Artificial Magnets, 1750. 

6 Por fuller information on the present subject, see Gehler’s 
Physikalisches Worterbuch, art. ““ Magnetismus,” xv. 

7 Ann. ad. Chim. et d. Phys., 1820. 

8 Phil. Trans., 1820-21. : : 

9The anomalous + ee of needles by the discharge 
from Leyden jars had been observed earlier, but not properly 
understood. See art. ELECTRICITY, vol. viii. p. 76. 
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smaller area; these find their practical application in the 
constrnction of dynamo-electrie 
machines, but they are mainly 
interesting to purely scientific 
men on account of their use in 
the investigation of the pro- 
perties of weakly magnetic 
bodies, Figure 40 shows the 
usual arrangement adopted for 
large laboratory magnets. In 
considering the greatest avail- 
able strength of such mag- 
nets, it is necessary to bear in 
mind the fact that magnetic 
saturation of iron is practically 
reached with magnetic forces 
much under the greatest that 
we can command. The strength 
of field in a narrow crevasse 
perpendicular to the lines of 
magnetization in saturated iron 
is less than 18,000 C.G.S. units ;!9 
. and this is practically the ut- 
most at present attainable, for 
any addition to the strength 

of the field, arising from di- 

rect action of the magnetizing 
helix, would not under ordinary circumstances affect the 
hundreds in this number. Further increase of magnetiz- 
ing current after we have reached within a small percent- 
age of the limit of saturation is a waste of power. 

Elias" of Haarlem seems to have been the first who ap- 
plied the electric current directly with success 
in the manufacture of powerful permanent aan, owe io 
magnets. He used a short flat magnetizing ton by elec- 
coil which was pushed backwards and for- het chine 
wards along the bar, the endsof which were caused to abut 
against two pieces of iron, which becoming inductively 
magnetized reacted on the bar, and also served to keep the 
magnetization at the ends more uniform. The famous 
Logeman magnets were constructed by this process. 

By far the most convenient way of magnetizing steel is to 
use an electromagnet.!2 The bar to be magnet- 
ized may be laid flat on the pole of the mag- 
net before it is excited, and after excitation 
drawn slowly off. By repeating this process amelectro- 
several times, with the north pole of the elec- TASC, 
tromagnet for one half and the south pole for the other 
half, saturation can be very quickly obtained. Perhaps a 
better plan is to lay the bar with its ends on the two 
poles, and then excite the electromagnet. For reasons 
already sufliciently explained, it is advisable to hammer 
the bar with a mallet while the magnetizing force is in 
action, and to turn the current off and on several times in 
succession.!$ 

On account of the difficulty of tempering steel to any 
great depth from the surface, and for specific 
magnetic reasons as well, it has been custo- 
mary in constructing powerful permanent mag- 
nets to build them up of thin laminew of steel, each of 
which is separately magnetized. Figure 48 represents an 
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arrangement of this nature adopted by Coulomb, and figure 
49 a horseshoe magnet constructed in thesame way. It will 
be observed that the ends of the lamine are not exactly 
conterminous, the middle ones projecting more than 
the others; this arrangement was adopted with the 
view of getting rid to some extent of the weakening ef- 
fect which the induction of one lamina has upon the 
other. That such an effect existsand is very great was 
conclusively shown by Coulomb; how farthe modification 
in question cures it is another matter; much no doubt 


10 See above, p. 258, 

ll Pogg. Ann., 1844 and 1846. ; F 

12 Frick, Pogg. Ann., 1849, was one of the earliest who practised 
this method. . 

13 Tt has been several times proposed to magnetize steel bars by 
heating them red hot, allowing them to cool to the proper tem- 
perature under the magnetizing force, and then tempering while 
the foree is still acting. Gilbert, Knight, Robison, Haman, Gau- 
gain, Aimé, and Holz (Wied. Ann., vii., 1879) have all experi- 
mented with this method, but it does not appear to possess any 
advantage over the ordinary modern process, and need not be 
discussed here. 
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depends on the purpose for which the magnet is required ; 
but it is scarcely worth while to discuss the subject here. 
We may call attention to a farther point in the construc- 
tion of Coulomb’s magnet, viz., that the ends of the lami- 
nee are imbedded in two soft iron terminals N and §; there 
can be no doubt that, for some pur- 
poses at least, this is an advantageous 
arrangement. Among the famous 
modern makers of permanent mag- 
nets Hacker of Nuremberg, Logeman 
and Wetteren of Haarlem,! Willward 
and Jamin deserve to be especially 
mentioned.? 

In the preservation of permanent 
magnets it is essential to 


Paces avoid extreme changes of 
magnets. temperature and shocks. 


When the magnet is laid 
aside it should be made part of a 
closed magnetic circuit; in the case of 
a horse-shoe magnet this is attained 
by simply laying a piece of soft iron, 
called the keeper, across the poles; 
bar magnets should be kept in paral- 


Fie, 49. 

lel pairs, north pole to south pole and south pole to north 
pole, with two pieces of soft iron between the poles. When 
this is done the induced magnetism reacts on the magnets 
and diminishes the demagnetizing force; the action of 
shocks then ceases to destroy the permanent magnetism, 
and may even increase it. 


Untimate THrortes or MAGNEtic PHENOMENA. 


If we pass over the stream theory, which, although 
partially developed by Euler, has never 
taken root in modern physical science, the 
first great theory that we find proposed 
with a view to the explanation of magnetism is the 
two-fluid theory of Coulomb and Poisson. This is not 
an ultimate theory in the modern sense, inasmuch as 
it is not dynamical; but it was, doubtless, looked upon 
as ultimate in the days when the imponderable fluids 
Two-fluia bad a recognized role in the physical 
theory, sciences. In the two-fluid theory the im- 
Poisson. aginary positive and negative attractive 
agents (called magnetism in the empirical theory de- 
veloped above) are regarded as imponderable fluids ; 
but the essential point in the definite form of the 
theory due to Poisson is that he regards a body sus- 
ceptible to magnetic induction as made up of an infinite 
number of particles of infinite permeability immersed 
in an impermeable medium, After pointing out that, 
if the particles were of elongated form, and arranged 
so that the axes of elongation had one preponderating 
direction, or if they were arranged so that the linear 
density in different directions varied, the result would 
be zolotropy, he assumes that they are spheres uni- 
formly distributed in the impermeable medium so that 
the volume of the magnetic particles in unit volume 
of the substance is the fraction ’. The problem of 
magnetic induction under the influence of a uniform 
force is then the same as the problem of electric induc- 
tion for an infinite number of perfectly conducting 
spheres uniformly distributed in a non-conducting 
medium. He finds for the permeability #=(1-+-2k) 
[1 —-k). 

Maxwell has pointed out the one fundamental objection 
to this theory, viz., that the value of k calculated from the 
formula just given by means of observed values of @ in the 
ease of iron is greater than it would be even if the mag- 
netic spheres were packed in the closest possible manner. 
Another objection is that the theory affords no explanation 
of the variability of k with different forces. We might of 
course modify the hypothesis, as was done by Pliicker, by 
supposing that a resistance depending on the magnitude 
of the force opposes the separation of the fluids in the mag- 
netic molecules, and that in certain cases a frictional resist- 
ance tends to prevent their reunion. We might in this 
way explain magnetic saturation and permanent magnet- 

1 Advised by Elias and Van der Willigen; see Natwre, vol. xix. 
p- 552, 1879, 

2 Further details as to the advantages and disadvantages of 
various forms of magnets will be found in Wiedemann’s Galwan- 
ismus, and Lamont’s Handbuch des Magnetismus. See also a recent 
paper by W. Holz, Wied. Ann., 1880, on hollow cylindrical mag- 


nets, and another by Gray on the moments attainable with hard 
steel bars, Phil. Mag., 1878. 
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ism; but the theory thus burdened has no more scientific 
value than the purely empiric theory, and, moreover, 
affords no clue to the phenomena of diamagnetism. 

In a very important class of modern theories, the 
fundamental assumption is that the mole- 


5 Fi Molecular 
cules, or at all events a certain proportion magnet 
of the molecules, of magnetic substances theory. 


are small permanent magnets. In a body which is to 
outward appearance unmagnetized, the axes of these 
molecular magnets are turned indifferently in all direc- 
tions; in a body which is magnetized in a certain di- 
rection u larger proportion than usual of the molecular 
magnets have their axes more or less in that direction. 
Magnetic induction is supposed to consist, not In any 
alteration of the molecular magnets themselves, but 
in the orientation of their axes under the action of the 
inducing force. The reader may figure to himself the 
nature of the action by imagining a line of small mag- 
netic needles with their axes all horizontal, but all 
pointing in different directions; the whole system thus 
arranged will have no determinate magnetic moment, 
and will represent an unmagnetized body. Next, sup- 
pose a magnetizing force to act parallel to the line 
joining the centres of the needles, they will then ar- 
range theinselves in that line, and the magnetic mo- 
ment of the system will be the sum of the moment of 
the different parts; we have thus an image of a body 
magnetized by induction. 

The notion of molecular magnets seems to have been sug- 
gested by Kirwan; but it was not until a defi- 
nite form was given to it by Weber that it 
acquired any importance. The mathematical 
problem presented is one of great complexity. In the posi- 
tion of equilibrium any molecule is acted on by the mag- 
netizing force, by a magnetic force due to the combined 
action of the other molecules, and possibly by a force aris- 
ing from the displacement as well. Weber assumes that 
the couple tending to restore the molecule to its original 
position is that due to a constant magnetic force D, parallel 
to the original direction of its axis. If m be the magnetic 
moment of a molecule, and there be n molecules in a unit 
of volume, then the magnetic intensity 4% due to the mag- 
netizing force § is given by ¥ = 2mn#/3D,if 3 <D; and 
by § =mn(1- D?/3%2), if 3 > D. In other words, the curve 
(3, %) is straight till it reaches the point (%mn, D), it then 
becomes concave towards the axis of %, and rises towards 
an asymptote parallel to the axis of #; the maximum value 
of ¥ is mn. The theory does, therefore, give a general 
explanation of the phenomena of magnetic induction, The 
reader will be able by comparison with the experimental 
data given above to see how far it falls short of a complete 
explanation. 

If the magnetic substance be devoid of coercive force, 
we must suppose that the molecules return to their original 
positions when the magnetizing force is removed. In sub- 
stances capable of being permanently magnetized, we must 
imagine something of the nature of a frictional resistance 
to the motion of the magnetic molecules; so that, when 
they are deflected through more than a certain angle, they 
retain a permanent set after removal of the magnetizing 
force. Maxwell has worked out the particular 
hypothesis that each molecule which is deflec- Maxwell's 
ted through an angle less than 60 returns when form. 
the magnetizing force ceases to act, but that a molecule 
deflected through an angle B >£p retains the deflection 
B-Bo. Denoting Dsin Bo by L, he finds as the result of the 
above supposition that the curve of temporary magnetization 
is a straight line from 4—0 to § =L; after that it is con- 
cave to the axis of %, and rises to an asymptote, the maxi- 
mum value of ¥ being mn as before. The curve of residual 
magnetization begins when §—L; it is concave to the axis 
of %,and rises to an asymptote corresponding to the maxi- 
mum @/=4mn {1 Sy es L/D} 2, It results from the 
hypothesis that, when a bar is permanently magnetized by 
a positive force #1, its magnetism cannot be increased by a 
positive force < H1, but may be diminished by a negative 
force < #1; and when the bar is exactly demagnetized by 
a negative force %2, it cannot be magnetized in the opposite 
direction without the application of a force >%2; but a 
positive force << 2 is sufficient to begin to remagnetize the 
bar in the original direction. 

Behind the molecular magnet theory there arises 
the question, What is the nature of the 
magnetic molecule? One answer to this 
question is given by the hypothesis of Am- 
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pére, that around each such molecule a current circulates 
in planes perpendicular to the axis of the molecules. 
That such an arrangement will be equivalent to an in- 
finitely small magnet in the axis of the molecule, so 
far as external action is concerned, we know from the 
laws of electrodynamics. It remains only to inquire 
what the nature and properties of these molecular 
currents must be, to trace the full logical consequences 
of the assumption, and to compare them with expe- 
rience. This was first done by Weber, and afterwards 
more completely by Clerk Maxwell. 

It is obvious in the first place that the circuits in which 
the molecular currents flow must be perfectly conducting ; 
for otherwise the electrokinetic energy of the molecular 
currents would be continually transformed into heat, and 
a constant supply of energy from without would be neces- 
sary to support the magnetism of a permanent magnet, 
which is contrary to experience. Let A be the effective 
area of a molecular circuit, L its coefficient of self-induc- 


> 


tion, @ the inclination of its axis to the inducing force x 

7 9 

yo the primitive current, and y the current after the inducing 

force is in action. Then ¥=Yo- HA cosé/L ; and the com- 
i= 4 2 > 

ponent of the moment parallel to by) will be A( yo- 4) Acosé 
/L) cos 9. There are three different cases to consider. 


1. Let either yp be so great, or 8 A/D be so small the ef- 
fect due to the electromagnetic induction may be neglected 
in comparison with the effect due to the deflection of the 
molecule; putting m=Ayo, we have thus merely the theory 
of molecular magnets already explained. 

2. Let the force resisting the turning of the molecules be 

infinitely great, we then find for the magnetic 


i obs Sie susceptibility the value « = —4nA2/L. This is 
Dee enct- the theory originally proposed by Weber to ex- 
ism. plain diamagnetism. 


3. If the effects due to deflexion of the mole- 
cules and to electromagnetic induction in the molecular 
circuits be both considered, we have a theory intermediate 
to (1) and (2), inclining to the one or the other according 
to the assumptions made as to the relative values of yo, A, 
and L. 

The reader will find afull discussion of the different 
cases in Maxwell’s Electricity and Magnetism, vol. ii. chap. 
xxii. 

The most important attempt that has yet been made 
to realize a mechanism affording a dynami- 


Maxwell’s 3 : y 

molecular cal explanation of magnetic phenomena is 

orien the theory of molecular vortices, published 
ee by Clerk Maxwell in the Philosophical 


Magazine for 1861 and 1862 (4th ser., vols. 21 and 23). 
The general results, stripped of all particular assump- 
tions, will be found embodied in his great treatise 
on Llectricity and Magnetism ; but the following sum- 
mary, taken from the original paper, may be of some 
interest. 

1. Magnetoelectric phenomena are due to the existence of 
matter under certain conditions of motion or of pressure in 
every part of the magnetic field. The substance producing 
these effects may be a certain part of ordinary matter, or it 
may be an ether associated with matter, 

2. The condition of any part of the field through which 
lines of magnetic force pass is one of unequal pressure in 
different directions, the pressure being least along the lines 
of force, so that they may be considered as lines of ten- 
sion. | : 

3. This’inequality of pressure is due to vortices coaxial 
with the lines of force. The density of the revolving mat- 
ter is proportional to the magnetic permeability of the 
medium. The direction of rotation is related to the direc- 
tion of the line of force; and the velocity at the circum- 
ference of the vortex is proportional to the resultant mag- 
netic force. , 

4, The vortices are separated from each other by asingle 
layer of round particles; so that a system of cells is 
formed, the partitions being layers of these particles, and 
the substance of each cell being capable of rotating as a 
vortex. 

5. The particles forming the layer are in rolling contact 
with both the vortices which they separate, but do not rub 
against each other. They are perfectly free to roll be- 
tween the vortices and so to change their place, provided 
they keep within one complete molecule of the substance ; 
but in passing from one molecule to another they experi- 
ence resistance and generate irregular motions which con- 
stitute heat. These particles play the part of elec- 
‘tricity. Their motion of translation constitutes an 
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electric current; their rotation serves to transmit the 
motion of the vortices from one part of the field to 
another; the tangential pressures thus called into play 
constitute electromotive force; and the elastic yielding of 
the connecting particles constitutes electric displacement. 

Maxwell deduces without difficulty all the principal 
electrical and magnetic phenomena from this theory ; 
and he points out that its general conclusions have a 
value which does not depend upon the somewhat intri- 
cate kinematical arrangements supposed to exist in the 
magnetic medium. ‘The theory certainly affords us a 
most instructive dynamical picture of the phenomena 
of electricity and magnetism ; and it remains, so far as 
we know, the only successful attempt of its kind. 

(G. CH.) 

MAGNETISM, Anrmat. The terms animal mag- 
netism, electro-biology, mesmerism, clairvoyance, odylic 
or odie force, and hypnotism have been used to desig- 
nate peculiar nervous conditions in which the body and 
mind of an individual were supposed to be influenced 
by a mysterious force emanating from another person. 
With the exception of mesmerism, a name given to the 
phenomena in honor of one of their earliest investiga- 
tors, I, A. Mesmer, each of these terms implies a 
theory. Thus the phenomena of animal magnetism 
were supposed to Fe due to some kind of magnetic 
force or influence peculiar to living beings and analo- 
gous to the action of a magnet upon steel or certain 
metals; electro-biology, a more modern term, intro- 
duced in 1850 by two American lecturers, referred the 
phenomena to the action of electrical currents generated 
in the living body, and capable of influencing electri- 
cally the bodies of others ; elavrvoyance implied a power 
of mental vision or of mental hearing, or of a mental 
production of other sensations, by which the individual 
became aware of events happening in another part of 
the world from where he was, or could tell of the ex- 
istence of objects which could not affect at the time 
any of his bodily senses ; odylic force was a term given 
to a force of a mysterious character by which all the 
phenomena of animal magnetism might be accounted 
for; and hypnotism, from irvoc, sleep, was a name ap- 
plied to a condition artificially produced in which the 
person was apparently asleep and yet acted in obedi- 
ence to the will of the operator as regards both motion 
and sensation. 

History.—lt was natural that the apparent power 
of influencing the bodies and minds of others should 
attract much attention and be eagerly sought after for 
purposes of gain, or from a love of the marvellous, or 
for the cure of diseases. Hence we find that, whilst 
not a few have investigated these phenomena in a 
scientific spirit, more have done so as quacks and char- 
latans who have thrown discredit on a department of 
the physiology of man of the deepest interest. Re- 
cently, however, as will be shown in this article, 
physiologists and physicians have set about investi- 
gating the subject in such a manner as to bring it into 
the domain of exact science, and to dispel the idea that 
the phenomena are due either to any occult force or to 
supernatural agency. It would appear that in all ages 
diseases were alleged to be affected by the touch of the 
hand of certain persons, who were supposed to com- 
municate a healing virtue to the sufferer. It is also 
known that among the Chaldzans, the Babylonians, the 
Persians, the Hindus, the Egyptians, the Greeks, and 
the Romans many of the priests effected cures, or 
threw people into deep sleeps in the shades of the 
temples, during which the sleeper sometimes had pro- 
phetic dreams, and that they otherwise produced effects 
like those now referred to animal magnetism. Such 
influences were held to be supernatural, and no doubt 
they gave power to the priesthood. In the middle of 
the 17th century there appeared in England several 

ersons who said they had the power of curing diseases 
“ stroking with the hand. otable amongst these 
was Valentine Greatrakes, of Affane, in the county of 
Waterford, Ireland, who was born in February, 1628, 
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and who attracted great attention in England by his 
supposed power of curing the king’s evil, or serofula. 
Many of the most distinguished scientific and theologi- 
cal men of the day, such as Robert Boyle and R. Cud- 
worth, witnessed and attested the cures supposed to be 
effected by Greatrakes, and thousands of sufferers 
crowded to him from all parts of the kingdom (see Col- 
quhoun’s History of Mugic, ete., vol. ii. p. 146). 

Phenomena of a marvellous kind, more especially 
such as imply a mysterious or supernatural power ex- 
ercised by one person over another, not only attract 
attention, but take so firm a hold on the imagination 
that belief in them breaks out now and again with all 
the intensity of an epidemic. Thus since the time of 
Greatrakes, at short intervals, men have arisen who 
have led the public captive at their will. About the 
middle of the 18th century John Joseph Gassner, a 
Roman Catholic priest in Swabia, took up the notion 
that the majority of diseases arose from demoniacal 
possession, and could only be cured by exorcism. His 
method was undoubtedly similar to that followed by 
Mesmer and others, and he had an extraordinary influ- 
ence over the nervous systems of his patients. Gass- 
ner, however, believed his power to be altogether 
supernatural and connected with religion. 

{*riedrich (or Franz) Anton Mesmer was born at 
Weil, near the point at which the Rhine leaves the 
Lake of Constance, on May 23, 1733. He studied 
medicine at Vienna under the eminent masters of that 
day, Van Swieten and De Haen, took a degree, and 
commenced practice. Interested in astrology, he im- 
agined that the stars exerted an influence on beings 
living on the earth. He identified the supposed force 
first with electricity, and then with magnetism ; and it 
was but a short step to suppose that stroking diseased 
bodies with magnets might effect a cure. He pub- 
lished his first work (De Planetarwm Influcu) in 1766. 
Ten years later, on meeting with Gassner in Switzer- 
land, he observed that the priest effected cures without 
the use of magnets, by manipulation alone. This led 
Mesmer to discard the magnets, and to suppose that 
some kind of occult force resided in himself by which 
he could influence others. He held that this force per- 
meated the universe, and more especially affected the 
nervous systems of men. He removed to Paris in 
1778, and in a short time the French capital was thrown 
into a state of great excitement by the marvellous 
effects of mesmerism. Mesmer soon made many con- 
verts ; controversies arose; he excited the indignation 
of the medical faculty of Paris, who stigmatized him 
as a charlatan; still the people crowded to him. He 
refused an offer of 20,000 frances from the Government 
for the disclosure of his secret, but it is asserted that he 
really told all he knew privately to any one for 100 
louis. He received private rewards of large sums of 
money. Appreciating the effect of mysterious sur- 
roundings on the imaginations of his patients, he had 
his consulting apartments dimly lighted and hung with 
mirrors; strains of soft music occasionally broke the 
profound silence ; odors were wafted through the room; 
and the patients sat round a kind of vat in which vari- 
ous chemical ingredients were concocted or simmered 
over a fire. Holding each others’ hands, or joined by 
cords, the patients sat in expectancy, and then Mes- 
mer, clothed in the dress of a magician, glided amongst 
them, affecting this one by a touch, another by a look, 
and making ‘‘ passes ’’ with his hand towards a third. 
The effects were various, but all were held to be salu- 
tary. Nervous ladies became hysterical or fainted ; 
some men became convulsed, or were seized with pal- 

itations of the heart or other bodily disturbances. 

he Government appointed a commission of physicians 
and members of the Academy of Sciences to investigate 
these phenomena; Franklin and Baillie were members 
of this commission, and drew up an elaborate report 
admitting many of the facts, but contesting Mesmer’s 
theory that there was an agent called animal mag- 
netism, and attributing the effects to physiological 
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causes. Mesmer himself was undoubtedly a mystic; 
and, although the excitement of the time led him to 
indulge in mummery and sensational effects, he was 
honest in the belief that the phenomena produced were 
real, and called for further investigation. For a time, 
however, animal magnetism fell into disrepute ; it be- 
came a system of downright jugglery, and Mesmer him- 
self was denounced as a shallow empiric and impostor. 
He withdrew from Paris, and died at Meersburg in 
Switzerland on 5th March, 1815. He left many dis- 
ciples, the most distinguished of whom was the Mar- 
quis de Puysegur. This nobleman revolutionized the 
art of mesmerism by showing that many of the pheno- 
mena might be produced by gentle manipulation caus- 
ing sleep, and without the mysterious surroundings 
and violent means resorted.to by Mesmer. The gentler 
method was followed successfully by Deleuze, Bertrand, 
Georget, Rostan, and Foissac in France, and by Dr. 
John Elliotson in Hngland up to about 1830. 

In 1845 considerable attention was drawn to the an- 
nouncement by Baron von Reichenbach of a so-called 
new ‘‘imponderable’’ or ‘‘influence”’ developed by 
certain crystals, magnets, the human body, associated 
with heat, chemical action, or electricity, and existing 
throughout the universe, to which he gave the name 
of odyl. Persons sensitive to odyl saw luminous phe- 
nomena near the poles of magnets, or even around the 
hands or heads of certain persons in whose bodies the 
force was supposed to be concentrated. In Britain an 
impetus was given to this view of the subject by the 
translation in 1850 of Reichenbach’s Jesearches on 
Magnetism, etc., in relation to Vital Force, by Dr. 
Gregory, professor of chemistry in the university of 
Kdinburgh. ‘These Researches show many of the phe- 
nomena to be of the same nature as those described 
previously by Mesmer, and even long before Mesmer’s 
time by Swedenborg. The idea that some such force 
exists has been a favorite speculation of scientific men 
haying a mental bias to mysticism, and it makes its 
appearance not unfrequently. 

The next great step in the investigation of these 

henomena was made by James Braid, a surgeon in 
Manchester, who in 1841 began the study of the pre- 
tensions of animal magnetism or mesmerism, in his 
own words, as a ‘‘ complete skeptic’’ regarding all the 
phenomena. This led him to the discovery that he 
could artifically produce ‘‘a peculiar condition of the 
nervous system, induced by a fixed and abstracted at- 
tention of the mental and visual eye on one object, not 
of an exciting nature.’’ ‘To this condition he gaye the 
name of newro-hypnotism (from veipor, nerve, Urvoc, 
sleep); for the sake of brevity, new'o was suppressed, 
and the term hypnotism came into general use. Braid 
read a paper at a meeting of the British Association in 
Manchester on 29th June, 1842, entitled Practical Essay 
on the Curative Agency of Neuro-Hypnotism; and his 
work Neurypnology, or the Rationale of Nervous Sleep 
considered in relation with Animal Magnetism, illus- 
trated by numerous cases of its successful application in 
the relief and cure of disease, was published in. 1843. 
Tt is necessary to point this out, as certain recent Con- 
tinental writers have obtained many of Braid’s results 
by following his methods, and have not adequately re- 
cognized the value of the work done by him forty years 
ago. Braid was undoubtedly the first to investigate 
the subject in a scientific way, and to attempt to give 
a physiological explanation. In this he was much 
aided by the physiologist Herbert Mayo, and also by 
Dr. William B. Carpenter,—the latter being the first 
to recognize the value of Braid’s researches as bearing 
on the theory of the reflex action of the ganglia at the 
base of the brain and of the cerebrum itself, with which 
Carpenter’s own name is associated. 

Recently the subject has been reinvestigated by Pro- 
fessor Weinhold of Chemnitz, and more particularly by 
Dr. Rudolf Heidenhain, professor of physiology in the 
university of Breslau, who has published a small 
but interesting work on animal magnetism. In this 
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work Heidenhain attempts to explain most of the 
phenomena by the physiological doctrine of inhibitory 
nervous action, as will be shown hereafter. 

Phenomena and Physiological Explanation.—The 
usual method of inducing the mesmeric or hypnotic 
state is to cause the person operated on to stare fixedly 
at a faceted or glittering piece of glass held at from 8 
to 15 inches from the eyes, in such a position above 
the forehead as will strain the eyes and eyelids. The 
operator may stand behind the patient, and he will) 
observe that the pupils are at first contracted from the | 
effort of accommodation of each eye for near vision on 
the object; in a short time the pupils begin to relax, 
and then the operator makés a few ‘‘ passes’ over the 
face without touching it. The eyelids then close; or 
the operator may gently close them with the tips of 
the fingers, at the same time very gently stroking the | 
cheeks. Often a vibratory motion of the eyelids may 
be observed when they are closed, or there may be | 
slight spasm of the eyelids. 'The eyes may afterwards 
become widely opened. The patient is now in a sleep- 
like condition, and the limbs often remain in almost 
any position in which the operator may place them, 
as in a cataleptic condition. At the same time the 
patient may now be caused to make movements in| 
obedience to the commands of the operator, and to act 
according to ideas suggested to him. ‘Thus, he may 
eat a raw onion with a gusto, apparently under the 
impression that it is an apple; he may make wry faces 
on drinking a glass of water when told that what he 
is taking is castor oil; he may ride on a chair or stool 
as in a horse race; he may fight with imaginary ene- | 
mies, or show tokens of affection to imaginary friends ; 
in short, all kinds of actions, even of a ridiculous and | 
a degrading nature, may be done by the patient at the 
command of the operator. Another class of phe- 
nomena consists in the production of stiffness or rigidity 
of certain muscles or groups of muscles, or even of the 
whole body. For example, on stroking the forearm 
it may become rigid in the prone or supine condition ; 
the knee may be strongly bent, with the muscles in a/ 
state of spasm; the muscles of the trunk may become | 
so rigid as to allow the body to rest like a log, head | 
and heels on two chairs, so stiff and rigid as to bear | 
the weight of the operator sitting upon it; or various | 
cataleptic conditions may be induced and as readily 
removed by a few passes of the hand. Many disorders 
of sensation have been observed, such as defective 
color perception, the hearing of special sounds which 
have no objective existence, or deafness to certain 
tones, or perverted sensations, such as tingling, prick- 
line, rubbing, ete., referred to the skin. ‘The patient 
may remain in this condition for an hour or more, and 
may then be aroused by holding him for a few minutes 
and blowing gently into the eyes. Usually the patient 
has a vague recollection, like that of a disturbed dream, 
but sometimes there is an acute remembrance of all 
that has happened, and even a feeling of pain at hay- 
ing been compelled to do ridiculous actions. Certain 

ersons are more readily hypnotized than others, and 
it has been observed that, once the condition has been 
successfully induced, it can be more easily induced a 
second time, a third time more easily than a second, 
and so on until the patient may be so pliant to the will 
of the operator that a fixed look, or a wave of the hand, 
may throw him at once into the condition. Such are 
the general facts in artificially induced hypnotism, and 
they belong to the same class as those referred to ani- 
mal magnetism, electro-biological effects, odylic in- 
fluences, etc., according to the whim or theory of the 
operator. 

It is not surprising that such phenomena have been 
the cause of much wonder an the basis of many 
superstitions. Some have supposed that they were 
supernatural, others that they indicated the existence 
of a specific force exerted by the experimenter upon 
the passive subject. Many operators have no doubt 
believed they possessed such a force; such a belief 
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would not affect the success of their experiments ex- 
cept to make them more likely to be successful, as the 
operator would readily comply with all the conditions; 
but most of these phenomena can be explained physio- 
logically, and those which cannot be so accounted for 
will remain hidden until we get further light on the 
physiology of the nervous system. 

The symptoms of the hypnotic state, as shown by 
Heidenhain, may be grouped under four heads :—(1) 
those referable to conditions of the sensorium or por- 
tion of the brain which receives nervous impulses, 
resulting in movements of a reflex and imitative char- 
acter ; (2) insensibility to pain, and various forms of 
perverted sensation; (3) increased irritability of the 
portion of the nervous system devoted to reflex actions ; 
and (4) states of the nervous centres controlling the 
movements of the eye, the accommodation of the eye 
to objects at various distances, and the movements of 
respiration, ete. 

1. The State of the Sensorium.—By the sensorium 
is meant that portion of the nervous system which 
receives impulses from the nerves coming from the 
organs of sense, such as those from the eye, ear, nose, 
tongue, and skin. Each of these nerves brings its 
message toa portion of the central nervous system in 
intimate connection with the rest of the nervous sys- 
tem. This message may possibly arouse nervous 
actions associated with consciousness, or it may not; or 
the nervous actions of consciousness may beso transient 
as to leave a faint impress on the memory, so that it 
can be revived only if no great interval has elapsed 
since the impression was made on the sense organ. If, 
however, the impression be vivid, then it may be 
revived long afterwards. This impression may be 
consciously perceived, and then any apparent effect 
may end; butit may set up a set of actions, resulting 
in motion, which are apparently of a reflex character. 
Thus, suppose a person in the dark ; light is suddenly 
brought before ac eye; this affects the retina, and 
through the changes init the optic nerve and central 
organ; there may be consciousness or there may not; 
if the person be wideawake he will see the light; if he 
be asleep he will not see it, at all events he will give 
no indication of secing it; on awaking, he may have a 
recollection of a dream in which light has a_ place, or 
his memory may be blank; but nevertheless the light 
will cause the pupil of the eye to contract by retlex 
action without his consciousness; and perhaps, also, 
without consciousness, the sleeping person may make 
an effort to avoid the light, as has been noticed in the 
case of somnambulists. 

Now, when a patient has been thrown into a weak 
hypnotic state, there may be a vivid recollection on 
awakening of all that happened during the apparent 
sleep. This implies, of course, that conscious sensory 
perceptions took place during the condition. Memory 
depends on the direction of the attention to sensations, 
If the effort of attention be strong, the recollection will 
probably be vivid, and the converse is true. But this 
does not preclude the supposition that sensory percep- 
tions may come and go, like the shadows of clouds on 
a landscape, without any attempts at fixing them, and 
consequently with no recollection following their occur- 
rence. The sensory perceptions may have existed for 
so short a time as to leave no impress behind. This 
may explain how it is that in the deeper forms of hyp- 
notism there is either no recollection of what occurred 
or the recollection can only be aroused by hints and 
leading questions. Attention is necessary, therefore, 
to form a conscious idea arising out of a sensation. 

It is generally admitted by physiologists that the 
cerebral hemispheres are the seat of the higher men- 
tal operations, such as attention, etc., although the 
interdependence of these hemispheres with the lower 
sensory ganglia, which receive all sensory impressions 
in the first instance, and with motor ganglia, which 
are, in like manner, the starting-points of motor im- 
pulses, is not understood. The one portion of the 
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nervous system may work without.the other. ‘Thus, 
during free cerebral activity we pay little attention to 
what we see or hear, and consequently we remember 
nothing. A manin a reverie may have many impres- 
sions of sight or of hearing of which he has been really 
unconscious. On the other hand, the cerebral appara- 
tus may be so attuned with the recipient portion that 
if the latter receives a message the former sympatheti- 
cally responds. Tor example, a mother pie asleep 
is disturbed by the slightest ery of her child, al- 
though loud sounds of other kinds may not awake 
her. 

It would appear then that impressions on the senses 
and the consciousness of impressions are two separate 
states which may occur in a manner independently ; 
that is to say, there may be purely sensory operations, 
in which consciousness is not involved, or there may 
be the conscious repetition of old impressions, or what 
is called memory. Now it is a law of nervous action 
that processes which at first are always of a conscious 
kind may by repetition become so habitual as to be 
performed without.consciousness. ‘Thus a child learns 
to perform a piece of music on the pianoforte by con- 
scious efforts, often of a painful kind; each note has 
to be recognized, and the appropriate muscular move- 
ments required for its production on the instrument 
executed with precision and delicacy; but by and by 
the music may be performed accurately even while the 
attention is directed to something else. In like man- 
ner, all movements which are the results of sensory 
impressions may become unconscious movements; the 
sensory impressions are at first paid attention to; but 
as they become habitual the mind becomes less and less 
engaged in the process, until the movements resulting 
from them are practically unconscious. A familiar 
illustration is that of a man in deep reverie walking 
along a street. Immersed in thought, he pays little 
or no attention to passers-by ; as his eyes are open, 
their images, or those of adjacent objects, must affect 
his visual apparatus, but they arouse no conscious im- 
pression, and still those impressions, evanescent as 
they are, are sufficient to excite the appropriate move- 
ments of locomotion. These movements are in all 
respects like voluntary movements, but they are not 
really voluntary, showing that, by the machinery of 
the nervous system, movements like voluntary move- 
ments may be executed without volition. It is impor- 
tant to observe, however, that these movements are the 
result of sensory impressions. A man in the deepest 
reverie, with his eyes blindfolded, could not execute 
the requisite movements; and when we see the blind 
walking in the streets, they afford no contradiction to 
this view, as their minds are busily engaged in noticing 
another set of sensory impressions derived from the 
sense of touch, muscular movements, and hearing, a 
set of impressions of the greatest importance to them, 
although of little importance comparatively to ordinary 
people, who are guided chiefly by visual impressions. 

A person in a state of hypnotism may be regarded 
as in a condition in which ths part of the nervous ap- 
paratus associated with conscious perception is thrown 
out of gear, without preventing the kind of movements 
which would result were it really in action. Impres- 
sions are made on the sensory organs; the sensory 
nerves convey the impression to a part of the brain; in 
the deepest condition of hypnotism these impressions 
may not arouse any consciousness, but the result, may 
be the kind of movement which would naturally follow 
supposing the person had been conscious. The move- 
ments made by the hypnotic are chiefly those of an 
imitative kind. It has often been noticed that the 
mere suggestion of the movement may not be enough 
to excite it; to secure success, the movement must he 
made before the eyes of the person. For example, it 
is acommon part of the exhibition of such persons for 
the operator to clench his fist; the patient at once 
clenches his ; the operator blows his nose ; the patient 
does likewise; but if the operator performs these 
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actions behind the back of his patient the chances are 
that the patient will not repeat the movements. 

The condition seems to be one in which the sensory 
impression leads to no conscious perception and to no 
voluntary movement, but is quite sufficient to arouse 
those nervous and muscular mechanisms which lead to 
unconscious imitation. The patient is in a sense an 
automaton played upon by the operator through the 
medium of the patient’s sensory organs. It is impor- 
tant to observe that in deep hypnotism the patient has 
no idea corresponding to the movements he makes in 
obedience to the example of the operator. Jor ex- 
ample, suppose he is swallowing a glass of water and 
the operator tells him it is castor oil, at the same time 
making the requisite grimaces, the patient will imitate 
these grimaces without having any idea either of water 
or of castor oil. The grimaces are purely imitative 
without any connection with the idea which would 
naturally excite them. This is the case only with 
those deeply hypnotized. In some eases, however, the 
hypnotism is so deep as to resemble coma, and in these 
there is no trace of any sensory impressions or of move 
ments. In cases where the hypnotism is slight, there 
may be a curious mixture of effects, Here the patient 
may be partially conscious of the requests made to him, 
and of the imitative movements executed before his 
eyes; to some extent he may resist the commands of 
the operator, he may feel he is being fooled, and yet 
he may perform many ridiculous actions ; and when he 
awakes he may have a vivid recollection of the events 
in which he participated. A hypnotized person, in 
fact, is in a state similar to that of the somnambulist, 
who acts the movements of a disturbed dream. ‘There 
are many degrees of the sleeping state, from the pro- 
found condition resembling coma to that of the hght 
sleeper who starts with every sound. In some sleeps 
there are dreams in which the sleeper is so occupied 
with the phantoms of thought as to pay no attention 
to external impressions, unless these be sufticiently 
powerful to awake him, whilst there are other sleeps 
in which the boundary between the conscious recep- 
tion of new impressions and the reproduction of old 
ones is so thin as to permit of a blending of the two. 
In this kind of sleep, a spoken word, a familiar touch, 
the suggestion of something in keeping with the 
thoughts of the dreamer, are sufficient to change the 
current of the dream, and even to excite movements. 
When the ideas of the dreamer cause movements cor- 
responding to these ideas, then the dreamer becomes 
asomnambulist. He acts the dream: according to the 
depth of the semi-conscious state will be his capacity 
for responding to external impressions. Some som- 
nambulists respond to external suggestions readily, 
others do not; and in all there is almost invariably no 
recollection of the state. Artificial hypnotism is a con- 
dition of the same kind, though usually not so pro- 
found. 

The question now arises as to how this artificial state 
may be induced. In one awake and active, all sensory 
impressions as a rule are quick, evanescent, and con- 
stantly renewed. New successions of images and 
thoughts pass rapidly before the mind during walking, 
working, eating, or in the leisure hours of social life ; 
but none last so long as to cause fatigue of any particu- 
lar part of the body. By and by there is a general 
feeling of fatigue, and then sleep is needed to restore 
exhausted nature. But if the attention-be fixed on 
one set of sensory impressions, fatigue is much sooner 
experienced than if the impressions are various in 
kind and degree. ‘Thus one or two hours spent at a 
picture gallery or at a concert, if the attention be de- 
voted to the impressions on the eye or ear, usually 
cause fatigue. It would appear that the method of 
exciting hypnotism by causing the patient to gaze at a 
bit of glass or a bright button depends in the first place 
on the feeling of fatigue induced. At first thereis a 
dazzling feeling; then the eyes become moist; images 


‘become blurred and indistinct, and seem to swim in 
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the field of vision ; the field of vision becomes unsteady, 
and just about this period ideas do not pass in the mind 
in orderly sequence, but irregularly, as in the few 
minutes immediately before passing into sleep. At 
this stage also the pupils become widely dilated, and 
the eyeballs become more prominent than usual. The 
innervation of the iris must be understood, so as to ap- 

reciate the physiological meaning of these changes. 

he muscular structure of the iris is supplied by two 
nerves, the third cranial nerve and the sympathetic 
nerve. Ifthe third nerve be cut the pupil dilates; if 
the distal end of the nerve be ietiateles pupil con- 
tracts. On the other hand, if the sympathetic nerve 
be cut the pupil contracts, whilst if the distal end be 
irritated the pupil dilates. These experimental facts 
show that the radiating fibres of the iris which dilate 
the pupil are under the control of the sympathetic 
nerve, whilst the circular fibres which contract the 
pupil are supplied by the third. Further it can be 


shown that the corpora quadrigemina, two ganglionic | 


masses in the brain, are the reflex centres for the regu- 
lation of these movements. The optic nerve from the 
retina supplies the sensory stimulus which causes the 

upil to contract. Thus, suppose light to be brought 

efore the eye while the pupil is dilated ; the retina is 
affected, a stimulus is sent to the corpora quadrigemina 
along the fibres of the optic nerve, and oth the cor- 


pora quadrigemina a nervous influence passes along | 
/corresponding portion of skin on the opposite arm. 
|The theory then offered is that ‘‘the cause of the 


the fibres of the third nerve to the circular fibres of 
the iris, causing the pupil to contract. It is also very 
probable that the corpora quadrigemina act as reflex 
centres for nervous impulses regulating the calibre of 
the bloodvessels of the eye, the vaso-motor nerves. If 


we apply these facts to the case of a hypnotized per- | 
son, we find that (1) the pupil of a hypnotized person | 


contracts energetically when light falls upon the eye, 
showing that the reflex mechanism is still intact; (2) 
just before the hypnotic state is induced the pupil di- 
lates, indicating feeble nervous impulses passing along 
the third from the corpora quadrigemina; (3) at first, 
the eyeballs seem to sink in, but when hypnotism is 
complete they project in a manner similar to what has 
been observed in an animal when the arteries supply- 
ing the head have been compressed so as to make the 
brain anzemic or bloodless ; and (4) the ophthalmoscope 
has not shown any change in the calibre of the blood- 
vessels of the retina in the hypnotic state. From a 
consideration of these facts and inferences Heidenhain 
was at first inclined to believe that hypnotism might 
be due to a reflex influence on the pes ® of the brain 
causing them to contract so as to permit the passage 
of only a small quantity of blood, and make the brain 
anemic. ‘This view, however, had to be abandoned, 
as the faces of hypnotized persons are usually red, and 
not pale, as they would be were the arterioles con- 
tracted. Further, Heidenhain performed a crucial ex- 
periment by giving to his brother nitrite of amyl, 
which causes dilatation of the vessels by vaso-motor 
paralysis, when he still found hypnotism could be 
readily induced, showing that the state was not caused 
by deficient blood supply. 

Heidenhain has advanced another and more probable 
hypothesis. During the past twenty years a new mode 
of neryous action, known as inhibitory action, has 
been discovered by physiologists. A good example 
is supplied by the innervation of the heart. This 
organ has nervous ganglia in its substance by which 
its rhythmic contractions are maintained. Further, it 
is supplied by the vagus or pneumogastric nerve and 
by the sympathetic. Section of the vagus is followed 
by quickening of the heart’s action, and stimulation 
of the lower end causes slowing and, if the stimulation 
be strong enough, stoppage of the heart, not, however, 
in a tetanic state (which would be the case if the fibres 
of the vagus acted directly on the muscular structure 
of the heart, as a motor nerve), but in a state of com- 
plete relaxation or diastole. Opposite results follow 
section and stimulation of the sympathetic fibres. It 
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has been clearly made out that the terminal fibres of 
both nerves do not act on muscular fibres but on gan- 
glion cells, those of the vagus ‘‘inhibiting ’’ or restrain- 
ing, whilst those of the sympathetic ‘‘ accelerate ’’ the 
action of the cells. Inhibition is now known to play 
an important part in all nervous actions, and it would 
seem that any powerful impression in a sensory nerve 
may inhibit or restrain motion. This is strikingly 
seen in some of the lower animals. A ligature ap- 
plied loosely round the thigh of a frog whilst it lies on 
its back apparently deprives it of all power of motion. 
The weak sensory stimulation in this case seems to 
stop voluntary motion. Pressure on the internal or- 
gans of such animals as the rabbit, although gentle, 
sometimes causes paralysis of the lower or hinder 
limbs. Again, it has been ascertained that, whilst the 
spinal cord is the chief reflex centre, the reflex activity 
can be inhibited by impulses transmitted to it from 
portions of the cerebral hemispheres which are in a 
state of high activity. It would appear then that, if 
we suppose one set of sensory or recipient cells in the 
brain to be brought into a state of exalted irritability 
by the preliminary operations of hypnotism, the result 
might be inhibition of the parts devoted to voluntary 
movement. In like manner, the activity of sensory 
nerve cells may become inhibited. Thus stimulation 
of a certain cutaneous area, say the arm, by a mustard 
plaster, has been found to lower the sensibility of the 


phenomena of hypnotism lies in the inhibition of the 


|activity of the ganglion cells of the cerebral cortex, 


the inhibition being brought about by gentle 
prolonged stimulation of the sensory nerves of the face, 
or of the auditory or optic nerve.”’ 

According to this view, the portion of the brain de- 
voted to voluntary movements is as it were thrown out 
of gear, and the movements that follow, in the hyp- 
notice state, are involuntary, and depend on impres- 
To under- 
stand how this is possible, we must now consider 
shortly some of the views presently held as to the action 
of the brain. The researches of Hitzig, Fritsch, Ferrier, 
Hughlings Jackson, and many others indicate that cer- 
tain movements initiated as a consequence of percep- 
tion, and of the ideas thereby called forth, are due to 
nervous actions in the gray matter in certain areas on 
the surface of the cerebral hemispheres, and that there 
is another class of movements which do not require the 
agency of the cortex of the brain, but depend on the 
activity of deeper centres. These deeper centres are 
the optic thalami, which receive sensory impressions 
from all parts of the skin; the corpora quadrigemina, 
which receive luminous impressions from the retina ; 
and the corpora striata, which are the motor centres 
whence emanate influences. passing to the various 
groups of muscles. No doubt other sensory centres 
exist for hearing, taste, and smell, but these have not 
been clearly ascertained. In the case of conscious and 
voluntary movements carried out as the result of ex- 
ternal impressions, the excitation would pass first to 
the thalami optici (tactile) or corpora quadrigemina 
(visual), thence to the cerebral hemispheres, where 
ideas would be called forth and volitional impulses 
generated; these would then be transmitted down- 
wards through the corpora striata (motor) to the crura 
cerebri and spinal cord, and from thence to special 
sroups of muscles, thus causing specific movements. 
Cae now that the portions of cerebral hemi- 
spheres connected with ideation and volition were 
thrown out of gear, and that a similar sensory impres- 
sion was made on the person: again the path of ner- 
yous impulses would be to the thalami_optici (tactile) 
or corpora quadrigemina (visual), and from thence 
directly through corpora striata (motor) to crura cere- 
bri and spinal cord, then passing out to muscles, and 
causing movements as precise as those in the first in- 
stance, and apparently of the same character. . The 
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difference between the two operations, however, would 
be this:—in the first there would be movements fol- 
lowing the perception, ideation, and volition; in the 
second the same dings of movements would be effected 
by an automatic mechanism without any of the physi- 
cal operations above alluded to. This theory has the 
merit of simplicity, and is in accordance with most of 
the facts. The chief difficulty in the way of accepting 
it is to understand why, if hypnotism be so induced, 
it is not induced much oftener. One would suppose 
that, if gazing at a coin and having a few passes made 
with the hand were sufficient to bring about physiologi- 
cal changes of such importance, men would be oftener 
hypnotized in daily life than they are. But it is to be 
remembered that attention is seldom fixed on one ob- 
ject so long as in the experiment of producing hypno- 
tism. ‘The first occasion the experiment is made, even 
with so-called susceptible persons, the time occupied 
may be from 10 to 20 minutes, and during all that time 
the attention is on the strain, and feelings of fatigue 
are excited in the way above described. Again it is 
well known that sudden and strong sensory im- 
pressions often paralyze voluntary action for a time, 
even in ordinary life, and what is called ‘‘ presence of 
mind’’ really means that power of self-control which 
prevents the bodily energies being paralyzed by strong 
sensory Impressions. A carriage bearing down on a 
nervous lady in a crowded street may deprive her of all 
power of movement, or she may automatically run here 
or there in obedience to the shouts of the bystanders ; 
but one with coolness can thread her way among the 
vehicles without fear or trouble. 

A hypnotized person is therefore to be regarded as 
an automaton. ‘‘'T'o cause him to move his arm, the 
image of a moving arm must pass over his retina, or 
an unconscious sensation of motion must be induced 
through passive movement of his arm.”’ 

2. Insensibility to Pain.—It has often been noticed 
that in the mesmerized or hypnotized person there may 
be complete insensibility to pain, so that deep pricks 
with a needle are not felt. During deep hypnotism a 
pin may be run into the hand without pain, but pain 
will be felt on awakening, and pulling out the pin in 
the waking state will cause acute pain. It mock ap- 
pear that certain nerves may convey tactile sensibility 
whilst others convey only painful impressions, and in 
certain forms of paralysis the patient may have tactile 
sensibility without pain, or the reverse. In hysterical 
women, as has been shown by Charcot and others, dis- 
orders of sensibility of this kind are not uncommon, 
indicating changes in the nervous centres. 

3. Increased Reflex Spasm of Muscles.—One of the 
most striking phenomena of the hypnotic state is the 
ease with which certain voluntary muscles may be ren- 
dered stiff. For example, if the operator stroke the 
skin over the biceps muscle in the upper arm, the limb 
will be at once powerfully flexed, a the biceps can be 
felt stiff and rigid. To understand the physiological 
explanation offered of this phenomenon it will be 
necessary shortly to describe the mechanism of reflex 
acts. If a sensory nerve be irritated at its periphery, 
say in the skin, a nervous impulse is transmitted to a 
central nervous organ, such as the spinal cord, and 
through the agency of nerve cells in this organ im- 
pulses are then transmitted by motor nerves to muscles, 
causing movements, without any operation of the will. 
Thus a particle of food getting into the larynx irritates 
sensory nerves of the vagus, and there is a reflex spasm 
of various muscles of expiration, causing a violent 
cough. That such reflex acts not only can occur without 
the will, but in spite of it, is shown by the want of 
control over a sneeze when the nostril is irritated by 
snuff. Now these reflex centres in the cord are par- 
tially under the control of higher centres in the brain. 
If the agency of the latter be removed, the activity of 
the cord-centres is increased, and reflex actions are 
more easily induced. This we have assumed to be the 
state of the hypnotic. If a portion of his skin be 
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stroked, first one muscle, say the one immediately 
under the skin stroked, will become stiff, then in obe- 
dience to a law regulating reflex actions,—namely, that 
they tend to. become diffused according to the strength 
and duration of the stirnulus,—other muscles become 
rigid, and so on until the whole trunk becomes cata- 
leptic. This phenomenon is so well described by 
Heidenhain that we quote as follows (pp. 28, 24):— 
“With slight increase of reflex irritability, those muscles 
alone contract which lie immediately under the area of skin 
which has been stroked. In this condition it is easy to 
bring single muscles and groups of muscles into isolated 
action, and thus demonstrate their special motor function. 
Stroking the ball of the thumb causes adduction of the 
thumb (towards the palm), Stimulating the skin over the 
sterno-mastoid causes the head to assume the well known 
oblique position which it has when one has got a ‘stiff 
neck’; stroking the skin at one corner of the mouth leads 
to distortion of the mouth on that side, owing to the 
contraction of the muscles inserted there. When the 
irritability is somewhat more increased, we are able, by 
continuous irritation of a defined group of. skin, to set in 
activity neighboring and distant groups of muscle, according 
to the degree of irritation. Thus, when I gently stroke the 
ball of the thumb, only the flexors and the adductors of 
this member are set in activity. If I stroke somewhat 
harder, the forearm muscles, especially the flexors of the 
fingers, contract. Our patient can, however, still bend and 
stretch his arm at the elbow, the upper arm muscles being 
still unaffected. Through further increase of the irritation, 
the latter too and the shoulder muscles are thrown into 
spasm, so that the whole limb appears immovably fixed. 
But the highest degree of reflex irritability is not yet 
attained. Mr. A. Heidenhain sits quietly here on a chair, 
I now once stroke the ball of his left thumb. Please observe 
the exact succession in which the spasm slowly spreads from 
one part of the body to the other. You will see the fol- 
lowing muscle groups successively affected, some seconds 
intervening in the passage from one group to another :— 
left thumb, left hand, left forearm, left upper arm and 
shoulder, right shoulder and arm, right forearm, right hand, 
left leg, left thigh, right thigh, right leg, muscles of masti- 
cation, muscles of the neck. But now I must put an end 
to it. I strike forcibly the left arm, and the rigor at once 
disappears. Instant relaxation of the whole body occurs 
also when I forcibly extend a finger of the clenched fist. 
Probably the reflex excitement would extend still farther, 
but I naturally consider it out of the question to try 
whether the muscles of respiration would become affected. 
It is easily understood that such experiments require the 
greatest caution, and may be very seldom carried out.” 


This condition of the muscles is exactly like that in 
catalepsy, a peculiar nervous disease; and hypnotism 
may be regarded as an artificial catalepsy. 

4: Other Peculiar Nervous Phenomena of the Hyp- 
notic State.—The changes in the eyes have been 
already alluded to. The pupils dilate, the eyelids open 
widely, and the eyeballs protrude. Occasionally the 
upper eyelid droops, so that the eyelids seem closed. 
It often been asserted that clairvoyants see with 
the eyelids closed, but they are really partially opened. 
The movements of respiration are often quickened 
from 16 to 30 or 35 per minute, indicating stimulation 
of the respiratory centres in the medulla oblongata. 
Sometimes the flow of saliva is increased. Hallucina- 
tions of sense may occur, though they are rare. One 
man in the hypnotic state experienced a strong odor 
of violets. 

There is a class of phenomena referred to the hyp- 
notic state of a very doubtful character, inasmuch as 
we have to depend entirely on the statements of the 
person operated on, and no objective tests can be 
employed. Such, for example, are various disturb- 
ances of sensation, hearing with the pit of the stomach 
more acutely than when the sound is made in the usual 
ways towards the ear, and the application of the hand 
of the operator to the body giving rise to profound 
sleep or dreams, induced dreaming, ete. Again it is 
asserted by Heidenhain and Griitzner ( Breslawer Aeratl. 
Zeitsch., No. 4, 28th February, 1880) that unilateral 
hypnosis is possible. Thus stroking the left forehead 
and temple caused immobility of the right arm and leg. 

“Stroking on both sides causes catalepsy of all four 


_ subjected to such experiments, more especially if they 
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limbs; no facial paralysis or aphasia. Unilateral stroking 
causes crossed catalepsy and facial paralysis, accompanied 
when on the left by aphasia. If in addition to unilateral 
stroking, and this being still maintained, the other side be 
stroked, then the same result is brought about as if both 
sides had been stroked from the beginning. . . . Measure- 
ment of the volume of the arm by means of Mosso’s 
volumeter {an instrument for estimating the bulk of the 
limb by displacement of water and movements of a recording 
lever] proves that in the cataleptic arm the quantity of 
blood (in consequence of the vascular contraction) sinks 
enormously, whilst it simultaneously rises in the other arm. 
When the catalepsy is gone by, the quantity of blood in the 
cataleptic arm increases, whilst in the other arm it sinks” 
(Heidenhain, p. 91). 

Chareot has pointed out that in certain kinds of 
hysteria in women there are remarkable unilateral 
disturbances or perversions of sensory impressions of 
color. Phenomena of the same kind have been ob- 
served by Cohn, Heidenhain, and others in hypnotized 
persons. Thus A. Heidenhain became completely 
color blind in the eye of the cataleptic side. All colors 
eet gray in different degrees of brightness, from 
a dirty dark gray to a clear silver gray. 

“Tf one eye be treated with atropin, whilst the effect of 
the latter is making its appearance, the phenomena of color 
blindness are changed as follows:—red and green still 
appear as different shades of gray; blue and yellow, on the 
other hand, do not appear gray. They appear differently 
in the different stages of atropin action :—first stage, yellow 
appears gray, with a glimmer of blue; second stage, yellow 
appears pure blue; third stage, yellow appears blue with a 
slight tinge of yellow, somewhat as in the so-called struggle | 
of the fields of vision,—yellow is seen, as it were, through 
a blue mist; fourth stage, yellow appears mostly yellow, 
with a tinge of blue. When blue is tried, the corresponding 
result is obtained; that is, at last blue with a slight yellow 
tinge isseen. During the action of atropin the sensation 
of yellow or blue passes from gray through the contrast 
color to the right color, whilst red and green only appear 
as different shades of gray” (Heidenhain, p. 95). 

These facts are interesting as showing perverted 
sensation in the particular individual affected, but 
they throw no light on the condition of hypnotism. 

It is evident then that animal magnetism or hypno- 
tism is a peculiar physiological condition excited by 
perverted action of certain parts of the cerebral nervous 
organs, and that it is not caused by any occult force 
emanating from the operator. Whilst all the phe- 
nomena cannot be accounted for, owing to the imperfect 
knowledge we possess of the functions of the brain and 
cord, enough has been stated to show that just in 
proportion as our knowledge has increased has it been 
possible to give a rational explanation of some of the 
phenomena. It is also clear that the perverted condi- 
tion of the nervous apparatus in hypnotism is of a 
serious character, and therefore that these experiments 
should not be performed by ignorant empirics for the 
sake of gain, or with the view of causing amusement. 
Nervous persons may be seriously injured by being 


undergo them repeatedly; and it should be illegal to 
have public exhibitions of the kind alluded to. The 
medical profession has always been rightly jealous of 
the employment of hypnotism in the treatment of 
disease, both from fear of the effects of such operations 
on the nervous systems of excitable people, and be- 
cause such practice is in the border land of quackery 
and of imposture. Still in the hands of skilful men 
there is no reason why the proper employment of a 
method influencing the nervous system so powerfully 
as hypnotism should not be the means of relieving 
pain or of remedying disease. 


Literature.—A very complete bibliography will be found 
appended to the article ““Mesmérisme,” Dictionnaire Hncy- 
clopédique des Sciences Médicales (deuxiéme série, 1873). In| 
addition, see Braid, Newrypnology, London, 1843; Elliotson, 
Human Physiology, London, 1840; Colquhoun, THistory of 
Magic, Witchcraft, and Animal Magnetism, London, 1851; 
Mayo, Letters on the Truths contained in Popular Superstitions, | 
with an Account of Mesmerism, Edinburgh, 1851; Scoresby, 
Zoistic Magnetism, London, 1849; Hughes Bennett, Lecture . 
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on the Mesmeric Mania of 1851, Edinburgh, 1851; Reichen- 
bach, Researches in Magnetism, Electricity, Heat, Light, Crys- 
tallization, and Chemical Attraction, in their relation to Vital 
Force (translated by Dr. Gregory, London, 1850; in this 
volume the doctrine of odylic force is set forth); Andrew 
Buchanan, Darlingism, misnamed LElectro-Biology, London, 
1851; Alexander Wood, What is Mesmerism? Edinburgh, 
1851; Weinhold, Seven Lectwres on Somnambulism, translated 
by J.C. Colquhoun, Edinburgh, 1845; John Forbes, Illus- 
trations of Modern Mesmerism, London, 1845. See, also, 
Maudsley, Physiology of Mind, London, 1876; and especially 
Carpenter, Mental Physiology, pp. 547 sq. (where the author 
attempts to account for many of the phenomena by the 
theory of a dominant idea influencing and governing all 
other mental operations), London, 1874. The most recent 
account of these phenomena will be found in Heidenhain’s 
Animal Magnetism, translated by Wooldridge, with a preface 
by G. J. Romanes, London, 1880. For a short and clear 
account of hysteria as bearing on the phenomena of hyp- 
notism, see Rosenthal, Clinical Treatise on the Diseases of the 
Nervous System, vol. ii. pp. 29 sqg., London, 1881. (J. G. M.) 


MAGNOLIA, L., the typical genus of the order 
Magnoliacee, named from Pare Magnol, professor 
of medicine and botany at Montpellier. It contains 
about fourteen species, distributed in Japan, China, 
and the Himalayas, as well as in North America and 
Mexico (De Candolle, Prod., i. 79; Bentham and 
Hooker, Gen. Pl., i. 18; A. Gray, Gen. Jll., xxiii., 
XXIV. ). 

Magnolias are trees or shrubs with evergreen or de- 
ciduous foliage. They bear conspicuous, and often 
large, fragrant, white, rose, or purple flowers. The 
sepals are three in number, the petals six to twelve, in 
two to four series of three in each, the stamens and 
carpels being numerous. The fruit consists of a num- 
ber of follicles which dehisce (contrary to the rule) 
along the outer edge to allow the scarlet or brown seeds 
to escape, but which are suspended by a long slender 
thread. Of the Old-World species, the earliest in 
cultivation appears to have been M. Yulan, Desf. (con- 
spicua, Salisb.), of China, of which the buds were 
preserved, as well as used medicinally and to season 
rice (Pickering, Chron. IHist. of Pl., p. 600). It, to- 
gether with JL fuscata, Andr., was transported to 
on in 1789 (Paxton’s Bot. Dic.) and thence to 


North America, and is now cultivated in the middle 
States. Of the Japanese magnolias, J/. Kobus, DC., 


and the purple-flowered J/. obovata, Thim., were met 
with by Kaempfer in 1690. They were imtroduced 
into England in 1709 and 1804 respectively. The spe- 
cies MM. pumila, Andr., the dwarf magnolia, from the 
mountains of Amboyna, is nearly evergreen, and bears 
deliciously scented flowers. It was introduced in 1786. 
The Indian species are three in number, JZ globosa, 
II. f. et T., allied to JZ conspicua of Japan; M. sphe- 
nocarpa, Roxb., and the most magnificent of all mag- 
nolias, M. Campbellii, H. f. et 'T., which forms:a con- 
spicuous feature in the scenery and vegetation of Dar- 
jiling. It was discovered by Dr. Griffith in Bhutan. 
tt is a large forest tree, abounding on the outer ranges 
of Sikkim, 80 feet high, and from 6 to 12 feet in girth. 
The flowers are 6 to 10 inches across, appearing before 
the leaves. ‘They vary from white to a deep rose color 
(Hook. fil., Zi. Him. Pl., pls. iv. and y.). 

The first of the American species brought to Hurope 
(in 1688, by Banister) was AZ. glauca, L. It is found 
in low situations near the sea from Massachusetts to 
Louisiana,—more especially in New Jersey and Caro- 
lina. In 1712 Catesby visited Virginia and found J/. 
acuminata, Li., the so-called cucumber tree, from the 
resemblance of the young fruits to small cucumbers. It 
ranges from Pennsylvania to Carolina. The wood is 
yellow, and used for bowls; the flowers are rather 
small. It was introduced into England in 1736. He 
also found AL wmbrella, Lam. (tripetala, L.), called 
the umbrella tree. The flowers are very large, white, 
and highly scented. It was brought to England in 
1752. M. pyramidata, Bart., discovered by Bartram 
in 1773, is a native of the western parts of Carolina 
and Georgia. The most beautiful species of North 
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America is M. grandiflora, \u., discovered by Catesby 
in 1719 in South Carolina and Florida, and introduced 
into England in 1734. It grows a straight trunk 2 
feet in diameter, and upwards of 70 feet high, bearing 
a profusion of large powerfully lemon-scented creamy- 
white flowers. In Kneland it is customary to train it 
against a wall; and the original species is surpassed by 
the Exmouth varieties, which originated as seedlings 
at Exeter from the tree first raised in England by Sir 
John Colliton, and which flower much more freely than 
the parent plant. The remaining North-American spe- 
cies are ML. auriculata, Lam., M. macrophylla, Michx., 
and Jf, cordata, Michx. The Mexican species is /. 
mexicana, DC. The tulip tree, Liriodendron tulipi- 
fera, L., frequently cultivated in England, is also a 
member of the same family. Itis the sole species, and 
is a native of North America. 


For a description of the principal species of magnolia 
under cultivation see Hemsley’s Handbook of Hardy Trees, 
etc., p. 24; Loudon’s Arboretum, vol. i. p. 260. 


MAGNUS, Hetnricu Gustav (1802-1870), an 
eminent German chemist and physicist, was born at 
Berlin May 2, 1802. He early showed a strong scien- 
tific bias, which was well fustered and strengthened by 
his education. Six years of thorough study at Berlin 
university were supplemented by a year’s course at 
Stockholm in Berzelius’s laboratory (1828). After 
some time spent in Paris under Gay-Lussac and Thé- 
nard, Magnus settled at Berlin in 1831 as lecturer on 
technology and physics in the university. In 1834 he 
was elected extraordinary and in 1845 ordinary pro- 
fessor of these subjects. He died April 4,1870. His 
numerous papers, which appeared chiefly in Poggen- 
dorff’s Annalen and in the publications of the Berlin 
Academy of Sciences, cover a wide range of chemical 
and physical subjects. His first memoir, published in 
1825, while he was yet a student, was a discussion of 
the spontaneous inflammability of finely divided iron, 
nickel, and cobalt. From 1827 to 1833 he was oceupied 
mainly with chemical researches, which resulted in the 
discovery of sulphovinic, ethionic, and isethionie acids 
and their salts, and, in conjunction with Ammeriiiller, 
of periodic acid. The absorption of gases in blood 
(1837-45), the expansion of gases by heat (1841-44), 
the vapor pressures of water and various solutions 
(1844-54), thermo-electricity (1851), electrolysis (1856), 
induction of currents (1858-61), conduction of heat in 
gases (1860), and polarization of heat (1866-68) are 
some of the many subjects of which he treated. From 
1861 onwards he devoted much attention to the still 
vexed question of diathermancy in gases and vapors, 
especially to the behayior in this respect of dry and 
moist air, and tu the thermal effects produced by the 
condensation of moisture on solid surfaces. Many of 
his papers were translated and published in the Philo- 
sophical Magazine. 


MAGNUSSON, Arnr (1663-1730), a scholar to 
whom we are largely indebted for the preservation of 
the old Icelandic literature, was born in the west of 
Iceland in 1663. In his youth he resided fora time at 
Hvamm, then the residence of his mother’s father, 
Ketil the priest, who was a well-known copyist of 
manuscripts. In 1683 he came to Copenhagen, and 
was employed by Bartholinus at first as a copyist, and 
afterwards to investigate the monuments and ancient 
customs of Norway. In 1697 he was appointed sec- 
retary of the archives of the kingdom. Before this 
he had begun to collect Icelandic manuscripts, his 
earliest acquisition (Hulda) being in 1687. From that 
time he steadily persevered, but his great acquisitions 
were chiefly made in Iceland, whither he went in con- 
nection with the royal survey in 1702-12. The old and 
important manuscripts were by that time falling into 
neglect, and itis more than probable that without Arni’s 
intervention the greater part would have been lost to 
us. On his return from Iceland he was appointed 
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professor of history and Danish antiquities in the uni- 
versity of Copenhagen. He is said never to have re- 
covered the shock caused by the mischief done to his 
library by the great fire of Copenhagen in 1728, He 
himself had never the courage to ascertain exactly what 
he had lost; but ‘it appeared afterwards that scarcely 
any MS. of real importance had perished. On his 
death on 6th of January, 1730, he bequeathed his 
property to the university of Copenhagen for the pur- 
pose chiefly of publishing Icelandic manuseripts (Arna- 
Tagnaean Bequest). ‘The first volume published under 
the bequest was Nyala, which appeared in 1772, and 
was succeeded by a number of valuable publications 
of the same class. Arni left behind him no literary 
work of any consequence, and his notes and historical 
material were mostly destroyed in the conflagration. 
The signal service which he rendered to Icelandic 
literature lay in his judicious and extensive collection 
of the old manuscripts, and investigation of their his- 
tory so far as attainable, at a time when they were 
dye being superseded and disappearing through 
neglect. 

MAGO was one of the most common Carthaginian 
names, borne among others by the reputed founder of 
the military power of Carthage, and the Punic ad- 
miral in the war with the elder Dionysius (see CAR- 
TuHAGh). The most famous of the name was the youngest 
of the three sons of Hamilear Barca. He accompanied 
his brother Hannibal on his expedition into Italy, and 
held important commands in the great victories of the 
first three years. After the battle of Cannee he 
marched through southern Italy and sailed to Carthage 
to report the suecesses gained. He was about to re- 
turn to Italy with strong reinforcements for Hannibal, 
when the Government ordered him to go to help his 
other brother, Hasdrubal, who was hard pressed in 
Spain. He maintained war there with varying success 
in concert with the two generals Hasdrubal, until, in 
209 B.c., his brother marched into Italy to help Han- 
nibal. Mago remained in Spain with the other Has- 
drubal. In 207 he was defeated by M,. Silanus, and in 
206 the combined forces of Mago and Hasdrubal were 
scattered by Scipio in the decisive battle of Silpia. 
Mago mated himself for along time in Gades, but 
afterwards received orders to carry the war into Li- 
guria. He wintered in the Balearic Isles, where the 
fine harbor Portus Magonis, Port Mahon, still bears his 
name. arly in 204 he landed in Liguria, where he 
maintained a desultory warfare till in 203 he was de- 
feated in Cisalpine Gaul by the Roman forces. He 
received orders soon after to return to Carthage, but on 
the voyage home he died of wounds received in the 
battle. 

The name of Mago—but which Mago is uncertain— 
is attached to a great work on agriculture which was 
brought to Rome and translated by order of the senate 
after the destruction of Carthage. The book was re- 
garded as a standard authority, and is often referred to 
by later writers. 

MAGPIR, or simply Pr (French, Pie), the prefix. 
being the abbreviated form of a human name (Mar- 
garet') applied as in so many other instances to 
familiar animals, as this bird once was throughout 
Great Britain, though of late years almost extermi- 
nated in many parts, and now nearly everywhere searee. 
Its pilfering habits have led to this result, yet the in- 
juries it causes are unquestionably exaveerated by 
common report; and in many countries of Murope it 
is still the tolerated or even the cherished neighbor of 
every farmer, as it formerly was in Kngland if not. in 
Scotland also. There is ample evidence? to prove that 
it did not exist in Ireland in 1617, when Fynes Mori- 


1“ Magot” and ‘‘Madge,” with the same origin, are names fre- 
quently given in England to the Pie; whilein France it is com- 
monly known as Margot, if not termed, as it isin some districts, 
Jaqueite, 

aN compendious summary of this will be found in Yarrell’s 
British Birds, ed. 4, ii, pp. 818-820, 
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son' wrote his Jtinerary, and that it had appeared 
there within a hundred years later, when Swift men- 
tions its occurrences in his Jowrnal to Stella, under date 
of 9th July, 1711. It is now common enough in that 
country, and there is a widespread but of course un- 
founded belief that it was introduced by the English 
out of spite. It is a species that when not molested is 
extending its range, as Wolley ascertained in Lapland, 
where within the last century it has been gradually 

ushing its way along the coast and into the interior 
yom one fishing-station or settler’s house to the next, 
as the country has been peopled. 

Since the persecution to which the Pie has been sub- 
jectedin Great Britain, its habits have undoubtedly 
altered greatly in character. Itis no longer the merry, 
saucy hanger-on of the homestead, as it was to writers 
of former days, who were constantly alluding to its dis- 
position, but is become the suspicious thief, shunning 
the gaze of man, and knowing that danger may lurk 
in every bush. Hence opportunities of observing it 
fall to the lot of few, and most persons know it only as 
a curtailed captive in a wicker cage, where its vivacity 
and natural beauty are lessened or wholly lost. At large 
few European birds possess greater beauty, the pure 
white of its scapulars and inner web of the flightfeathers 
contrasting vividly with the deep glossy black on the 
rest of its body and wings, while its long tail is lustrous 
with green, bronze, and purple reflections. The Pie's 
nest is a wonderfully ingenious structure, placed either 
in hich trees or low bushes, and so massively built that 
it will stand for years. Its foundation consists of stout 
sticks, turf, and clay, wrought into a deep, hollow cup, 
plastered with earth, and lined with fibres; but around 
this is erected a firmly-interwoven, basket-like out- 
work of thorny sticks, forming a dome over the nest, 
and leaving but a single hole in the side for entrance 
and exit, so that the whole structure is rendered almost 
impregnable. Herein are laid from six to nine eggs, 
of a pale bluish-green freckled with brown and blotched 
with ash-color. Superstition as to the appearance of 
the Pie still survives even among many pe Re er- 
sons, and there are several versions of arhyming fue 
as to the various turns of luck which its presenting 
itself, either alone or in company with others, is sup- 
posed to betoken, for some of these versions contradict 
one another in details, though all agree in this thatthe 
sight of a single Pie unquestionably presages sorrow. 

The Pie belongs to the same Family of birds as the 
Crow (vol. vi. p. 545), and is the Corvus pica of Lin- 
neeus, the Pica caudata, P. melunoleuca, or P. rustica 
of modern ornithologists, who have recognized it as 
forming a distinct genus, but the number of species 
thereto belonging has been a fruitful source of discus- 
sion. Hxamples from the south of Spain differ slightly 
from those inhabiting the rest of Kurope, and in some 
points more resemble the P. mauwritaniea of north- 
western Africa; but that species has a patch of bare 
skin of a fine blue color behind the eye, and much 
shorter wings. No fewer than five species have been 
discriminated from various parts of Asia, extending to 
Japan; but only one of them, the P. lewcopteru of 
Turkestan and Tibet, has of late been admitted as 
valid. In the west of North America, and in some of 
its islands, a Pie is found which extends to the upper 
valleys of the Missouri and Yellowstone, and has long 
been thought entitled to specific distinction as P. hiel- 
sonia; but its claim thereto is now disallowed by some 
of the best ornithologists of the United States, and it 
can hardly be deemed even a geographical variety of 
the Old-World form. In California, however, there 
isa permanent race if not a good species, P. Nuttalli, 
easily distinguishable by its yellow bill and the bare 
yellow skin round its eyes ; and it is a curious fact that 


1 His predecessor Derricke, in 1578, said :— 
“No Pies to plucke the Thatch from house, 
are breed in Irishe grounde: 
But worse then Pies, the same to burne, 
a thousande maie be founde,” 
The Image of Irelande, London, 1581, 


‘ings of a first-class sanatarium. 
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on two occasions in the year 1867 a bird apparently 
similar was observed in Great Britain (Zooloqist, ser. 
2, pp. 706, 1016). (A. N.) 

MAHABALESHWAR, a hill station in Satéra 
district, and the principal sanatarium in the Bombay 
presidency, India (17° 58” N. lat., 73° 42” KH. long.), 
oceupies the summit of a range of the Western Ghats, 
with a general elevation of 4500 feet above the sea- 
level. It was established by Sir John Malcolm, the 
governor in Bombay in 1828, who obtained the site 
from the r4j4 of Satara in exchange for another patch 
of territory. The superior elevation of Mahdbaleshwar 
renders it much cooler than Méther4n (2460 feet), but 
its heavy rainfall (about 240 inches) makes it almost 
uninhabitable during the rainy season. It forms the 
retreat usually during spring, and occasionally in 
autumn, of the governor of Bombay, the commander- 
in-chief of the Bombay army, and the chief officers of 
their establishments, and has the usual public build- 
The population was 
returned in 1872 at 2759. 

MAHABHARATA. See SANsKrir LITERATURE. 

MAHANADI, or Mananuppy (‘The Great 
River’’), a river of India, rising in 20° 107 N, lat., 82° 
Ki. long., 25 miles south of Raipur town, in a wild 
mountainous region of the Central Provinces. At first 
an insignificant stream, it flows in a tortuous easterly 
course through the hills in a rocky bed until it reaches 
Dholpur in Orissa. From this point it rolls its unre- 
strained waters straight for the outermost line of the 
Eastern Ghats. This mountain line it pierces by a 
gorge about 40 miles in length, overlooked by hills, 
shaded by forests, deep and tranquil, and navigable at 
all seasons. It pours down upon the Orissa delta at 
Nar4j, about 7 miles west of Cuttack town; and after 
traversing Cuttack district from west to east, and 
throwing off numerous branches (the Katjuri, Paika, 
Birtipd, Chitartald, ete.), it falls into the Bay of Ben- 
gil at False Point by several channels. 

The Mah4nadi has an estimated basin of 43,800 miles, and 
its rapid flow renders its maximum discharge in time of 
flood second to that of no other river in India. During un- 
usually high floods 1,800,000 cubic feet of water pour every 
second through the Nardj gorge, one half of which, uncon- 
trolled by the elaborate embankments, pours over the delta, 
filling the swamps, inundating the rice-fields, and convyert- 
ing the plains into a boundless sea, In the dry weather 
the discharge of the Mahanadi dwindles to 1125 feet per 
second. Efforts have been made to husband and utilize the 
vast water supply thrown upon the Orissa delta during sea- 
sons of flood. Each of the three branches into which the 
parent stream splits at the delta head is regulated by a 
weir. Of the four canals which form the Orissa irrigation 
system, two take off from the Birapé weir, and one, with 
its branch, from the Mahdnadi weir. On the 31st Decem- 
ber, 1868, the Government took over the whole canal works 
from the East Indian Irrigation Company, at a cost of £941,- 
368, since which time the gradual prosecution of the Orissa 
scheme to completion has been sanctioned, The canals thus 
taken over and since completed, or carried to an advanced 
stage of construction, are the High-Level Canal, the Kend- 
ripira Canal, the Taldandé Canal, and the Machhgaon Ca- 
nal, with their distributaries, designed to irrigate a total 
of 1,600,000 acres, 


MAHANOY CITY, a post borough of the United 
States, in Mahanoy township, Schuylkill county, Penn- 
sylvania, lies at a height of 1211 feet above the sea, 56 
miles northeast of Harrisburg, with a station both on 
the Lehigh Valley and on the Philadelphia and Read- 
ing Railway. It was founded in 1859, and owes its 
existence to the great anthracite mines in the neigh- 
borhood. ‘wo public halls, a public library, two 
weekly newspapers, and the increase of its population 
from 5533 in 1870 to 7181 in 1880, betoken its pros- 


perity. 

; MATIASEER, or MAusEER ( Barbos mosal), a kind 
of barbel, abundant in the rivers of India, si ean in 
pools of the upper and more rapid streams where they 
issue from the mountainous part of the country. It is 
one of the largest species of the family of carps, attain- 
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ing to a length of from 3 to 5 feet, and exceeding 
sometimes a weight of 70 tb. Its body is well-propor- 
tioned, rather elongate, and somewhat like that of the 
European barbel, but covered with very large scales, of 
which there are only twenty-five or twenty-seven placed 
along the lateral line; the dorsal fin is armed with a 
long and strong spine, and the mouth provided with 
four slender and short barbels. he lips are sometimes 
produced into fleshy lobes. ‘'o the fisherman in India 
the mahascer affords the same kind of sport as the 
salmon in the British Isles, and it rivals that fish as 
regards size, strength, and activity. Its flesh is like- 
wise much esteemed, 

MAHDI, ée., ‘‘ he who is guided aright,’’ the third 
ealiph of the house of ‘Abbis (see MonammepAN 
Empire). The name of Mahdi is also that which the 
Shiite Mohammedans give to their Messiah, the last 
of the Iméms of the house of ‘Ali. It was under the 
name of al-Mahdi that Mokhtar proclaimed ‘Ali’s son 
Mohammed as the opponent of the caliph ‘Abd al- 
Malik, and according to Shahrastini, p. 111, the doc- 
trine of the Mahdf, the hidden deliverer who is one 
day to,appear and fill the oppressed world with righte- 
ousness, first arose in connection with a wild notion 
that this Mohammed had not died but lived concealed 
at Mount Radwé, near Mecca, guarded by a lion and a 
panther. The hidden Imém of the common Shi'ites is, 
Heseaeah the twelfth Im4im, Mohammed Ab’I-Kasim, 
who disappeared mysteriously 879 A.D. The belief in 
the appearance of the Mahdi readily lent itself to im- 
posture. Of the many pretendants to this dignity 
cnown in all periods of Moslem history down to the 
present day! the most famous was the first caliph of 
the Fatimite’ dynasty in North Africa, ‘Obaid-allah 
al-Mahdf, who reigned 909-934 A.D. Irom him was 
named the capital of the dynasty, the once mighty 
city of Mahdfya, the port and entrepét of Kairawan 
(see MOHAMMEDAN Hmpire under the reign of Mok- 
tadir). Another great historical movement, headed 
by a leader who proclaimed himself the Mahdf 
(Mohammed ibn Abdallah ibn Tvimrut), was that of 
the ALMOHADES (q.v. \ 


MAHH, a French settlement and town, in the 
Malabar district, Madras, India, is situated in 11° 
41” 50” N. lat., and 75° 34’ 25”” HE. long., to the 
south of the river Mahé, with an area of 1445 acres. 
It is the only French possession on the west coast 
of India, and is in charge of a che/-de-service, subor- 
dinate to the governor-general at Pondicherri. — It 
is now a decaying place, with most of its chief build- 
ings picturesquely situated close to the river mouth. 
The population in 1871 was 8492. It contains a 
Roman Catholic chapel, a school, and a British post- 
office; and a long wooden bridge maintained by the 
British Government gives access to the British ter- 
ritory beyond the river. 

MAHI KANTHA, Tux, a group of native states 
forming a political agency under the Government of 
Bombay, India, lying between 23° 14’ and 24° 287 N. 
lat. and 72° 40’ and 74° 5’ Hi. long. with an area of 
about 4000 square miles, and an estimated population 
of 447,056. It is bounded on the N.E. by We Rajput 
states of Udaipur and Dunyarpur, on the S.K. by 
Rewa Kanth, on the S. by Kaira district, and on the 
W. by the native states of Baroda and the PAélanpur 
agency. ‘The Mahi Kanthé territory is divided among 
a number of chiefs, of whom the raj4 of Kdar is by far 
the most important. In May, 1877 these chiefs were 
classified in seven divisions, according to their import- 
ance and the extent of their jurisdiction. There are 
two states of the second class, three of the third, nine 
of the fourth, nine of the fifth, fourteen of the sixth, 
and fourteen of the seventh class. The entire revenues 
amount to about £110,000. 

1 Thus there are at the present date (1882) three actual pretend- 
ants to the dignity of Mahdi, Sheikh Mohammed of Dongola in 


the Egyptian Stidan, the Sheikh El-Senisi in Tripoli, and a third 
in the vilayet of Aidin, 
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MAHMUD or Graznt (971-1030), known also as 
Mahmad, son of Subuktigin, was born October 2, 971. 
His fame rests chiefly on his successful wars, in parti- 
cular his numerous invasions of India. His military 
capacity, inherited from his father, Nasfr-ud-din 
Subuktigin, was strengthened by youthful experience 
in the field. Subuktigin, a Turki slave of Alptigin, 
governor of Khorésan under Abd’ ul Malik Nuh, king 
of the Samani dynasty of Bokh4ra, early brought him- 
self'to notice. He was raised to high office in the state 
by Alptigfn’s successor, Abii Ishak, and in 866 A.B. 
(977 A.D.), by the choice of the nobles of Ghazni, he 
became theirruler. He soon began to make conquests 
in the neighboring countries, and in these wars he was 
accompanied by Fag young son Mahmud. On one 
occasion, when Mahmud was fourteen years of age, his 
advice with respect to a military operation in the hills 
was approved and adopted by the generals. Before he 
had reached even this age he encountered in two ex- 
peditions under his father the Indian forces of Jaipél, 
raja of Lahore, whom Subuktigin defeated on the Pun- 
jab frontier. 

In 994 Mahmiid was made governor of Khor4s4n, 
with the title of Saif-ed-daulah (‘‘ Sword of the 
State’’), by the SAmaéni emir, Abd’ ul Malik Nuh. 
Two years later, his father Subuktigin died in the 
neighborhood of Balkh, having declared his second 
son, Ismail, who was then with him, to be his succes- 
sor. Assoonas Isméil had assumed the sovereignty 
at Balkh, Mahmud, who was at Nishaptir, addressed 
him in friendly terms, proposing a division of the ter- 
ritories held by their father at his death. Isméail 
rejected the proposal, and was immediately attacked 
by Mahmiid and defeated. Retreating to Ghazni 
he there yielded, and was imprisoned, and Mahmii 
obtained undisputed power as sovereign of Khorasan 
and Ghazni (997). 

The Ghaznavi dynasty is sometimes reckoned by 
native historians-to commence with Subuktigin’s con- 
quest of Bust and Kusdér (978). But Subuktigin, 
throughout his reign at Ghazni, continued to acknowl- 
edge the SAmani suzerainty, as did Mahmud also, 
until the time, soon after succeeding to his father’s 
dominions, when he received from the caliph of Bagh- 
dad, Al Kadir Billah, a khilat or robe of honor, with 
a letter recognizing his sovereignty, and conferring on 
him the titles Yamén-ed-dauluh (‘‘ Right Hand of the 
State’’), and Amén-ul-Millat (‘‘ Guardian of the 
Faith’’). Irom this time it is the name of’ the caliph 
that is inscribed on Mahmiid’s coins, together with his 
own new titles.2- Previously the name of the S&méni 
sovereign, Manstir bin Nth (successor of Abd’ ul 
Malik) is given along with his own former title, Saif- 
ed-daulah Mahmiid. The earliest of those of the new 
form gives his name Mahmud bin Subuktigin. There- 
after his father’s name does not appear on his coins, 
but it is inscribed again on his ben 

The new honors received from the caliph gave fresh 
impulse to Mahmiid’s zeal on behalf of Islam, and he 
resolved on an annual expedition against the idolaters 
of India, He could not quite carry out this intention, 
but a great part of his reign was occupied with his 
Indian campaigns. In 1000 A.D. he started on the 
first of these expeditions, but it does not appear that 
on this occasion he went farther than the hill country 
near Peshawar. The hostile attitude of Khalaf ibn 
Ahmad, governor of Sistén, called Mahmiid to that 
province for a short time. He was appeased by Kha- 
laf?s speedy submission, together wie the gift of a 
large sum of money, and further, it is said, by his sub- 
dued opponent addressing him as sultan, a title new at 
that time, and by which Mahmud continued to be 
called, though he did not formally adopt it, or stamp 
it on his coins. Four years later Khalaf, incurring 
Mahiiid’s displeasure again, was imprisoned, and his 
property confiscated. ; 

2 Even before succeeding his father he struck coinsin his own 
name at Nisdbuir (Nishapuir), when he was governor of Khorésén 
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Mahmiid’s army first crossed the Indus in 1001, op- 
posed by Jaipal, raj4of Lahore, Jaipdl was defeated, 
and Mahmiid, after his return from this expedition, is 
said to have taken the distinctive appellation of Ghazi 
(‘ Valiant for the Faith’’), but he is rarely go called.! 
On the next occasion (1005) Mahmtid advanced as far 
as Bheva on the Jhelum, when his adversary Anang- 
pal, son and successor of Jaipal, fled to Kashmir. 
following year saw Mahmiid at Multan. When he 
was in the Punjab at this time, he heard of the inva- 
sion of .Khordsin by Hak Khan, ruler of Trans- 
oxiana (whose daughter Mahmud had married), 
After a rapid march back from India, Mahmiid re- 
pelled the invaders. Ilak Khan, having retreated 
across the Oxus, returned with reinforcements, and 
took up a position a few miles from Balkh, where he 
was signally defeated by Mahmud. 

T'wo years had elapsed since his last visit to India 
when Mahmtid again entered the Punjab (1008), this 
time for the express purpose of chastising Séwah Pal, 
who, having become a Mussulman, and been left by 
Mahmrtid in charge of Multan, had relapsed to Hindu- 
ism. ‘The Indian campaign of the following year (1009) 
was a notable one. Near the Indus Mahmud was op- 
posed again by Anang-pal, supported by powerful 
rajas from other parts of Praia, After a severe fight, 
Anang-pil’s elephants were so terror-struck by the 
fire-missiles flune amongst them by the invaders that 
they turned and fled, the whole army retreating in 
confusion and leaving Mahmud master of the field.’ 
Mahmud, after this victory, pushed on through the 
Punjab to Nagar-két (Kangra), and carried off 
eh spoil from the Hindu temples to enrich his 
treasury at Ghazni. In 1011 Mahmiid, after a 
short campaign against the Afghans under Mohammed 
ibn Stir in the hill country of Ghor, marched 
again into the Punjab. The next time (1014) he 
advanced to Thanésar, another noted stronghold 
of Hinduism, between the Sutlej and the Jumna. 
Having now found his way across all the Punjab rivers, 
he was induced on two subsequent occasions to go still 
farther. But first he designed an invasion of Kashmir 
(1015), which was not carried out, as his .progress was 
checked at L6h-k6t, a strong hill-fort in the north- 
west of the Punjab. And then before undertaking his 
longer inroad into Hindustan he had to march north 
into Khwarizm (Khiva) against his brother-in-law 
Mamziin, who had refused to acknowledge Mahiniid’s 
supremacy. The result was as usual, and Mahmaid, 
having committed Khwérizm to a new ruler, one of 
Mamiuin’s chief officers, returned to his capital. ‘Then 
in 1018, with a very large force, he proceeded to India 
again, extending his inroad this time to the great 

indu cities of Mathra on the Jumna and Kanauj on 
the Ganges. '’o the glory of reducing the one and 
receiving the submission of the other he added, as was 
his custom, the further satisfaction of carrying back 
great stores of plunder from both to his own country. 
Three years later’ he went into India again, marching 
over nearly the same ground, to the support, this 
time, of the raja of Kanauj, who, having made friend- 
ship with the Mohammedan invader on his last visit, 
tell been attacked by the raja of Kalinjar. But Mah- 
mud found he had not yet sufficiently subdued the 
idolaters nearer his own border, between Cabul and the 
Indus, and the campaign of the year 413 (1022 A.D.) 
was directed against them, and reached no farther than 


__1 The emperor Babar gives him this title (1526). He himself was 
the second Mohammedan king who had conquered India, the 
first being Sultan Mahimiid Ghazi. 

2 The terms in which native historians have described the 
effects of these missiles—not unlike the account given by De Join- 
ville of the Greek fire which caused such consternation to the army 
of St. Louis something more than two centuries later---gave rise at 
one time to the idea that something like modern artillery was 
meant. The fact that naphtha is distinctly mentioned as having 
been used by Mahmud on a later occasion, and the knowledge that 
petroleum is found at several places on both sides of the Indus 
near the scene of the fight with Anang-p4l, furnish the most 
probable explanation. 
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jewels, the gifts of wealthy worshippers. 
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Peshawar. Another march into India the following 
year was made direct to Gwalior. 

The next expedition (1025) is the most famous of 
all. The point to which it was directed was the temple 
of Somnath on the coast of the Gujerdt peninsula, 
After an arduous journey by Multan, and through part 
of Rajputana, he reached Somnath, and met with a 
very vigorous but fruitless resistance on the part of the 
Hindus of Gujerat. Moslem feet soon trod the courts 
of the great temple. The chief object of worship it 
contained was broken up, and the fragments kept to 
be carried off to Ghazni. The story is often told of 
the hollow figure, cleft by Mahmiuid’s battle-axe, pour- 
ing out great store of costly jewels and gold. But the 
idol in this Sivite temple was only a tall block or pillar 
of hewn stone, of a familiar kind. The popular legend 
i Mahmud, it was well known, 
made Hindu temples yield up their most precious 
things. He was a determined idol-breaker. And the 
stone block in this temple was enriched with a crown of 
These data 
readily give the Somnath exploit its more dramatic 
form. or the more recent story of the Somnath 
gates see GHAZNI, vol. x. p. 501. 

After the successes at Somnath, Mahmvid remained 
some months in India belore returning to Ghazni. 
Then in 1026 he crossed the Indus once more into the 
Punjab. His brilliant military career closed with an 
expedition to Persia, in the third year after this, his 
last visit to India. The Indian campaigns of Mahmud 
and his father were almost, but not altogether, unva- 
rying successes. ‘I'he Moslem historians touch lightly 
on reverses. And, although the annals of Rajputana 
tell how Subuktigin was defeated by one raja of Ajmir 
and Mahmud by his successor, the course of events 
which followed shows how little these and other re- 
verses affected the invader’s progress. | Mahmiid’s 
failure at Ajmfr, when the brave raja Bisal-deo obliged 
him to raise the siege but was himself slain, was when 
the Moslem army was on its way to Somnath. Yet 
Mahmitid’s Indian conquests, striking and important in 
themselves, were, after all, in great measure barren, 
except to the Ghazni treasury. Mahmud retained 
no possession in India under his own direct rule. But 
after the repeated defeats, by his father and himself, 
of two successive rajas of Lahore, the conqueror assume 
the right of nominating the governors of the Punjab, 
asa dependency of Ghazni, a right which continued 
to be exercised by seven of his successors. And for a 
time, in the reign of Masdvid II. (1098-1114), Lahore 
was the place of residence of the Ghaznavi sovereign, 
Certain silver coins of Mahmud’s reign bear inscrip- 
tions in Sanskrit characters as well as Arabic, betoken- 
ing sovereignty in India. ‘They are dated 418 and 419 
A.H., the two years immediately following his last visit 
to the Punjab, and are struck at a place called by his 
name, Mahmiudptir, supposed to be Lahore. ‘There 
are also copper coins struck at Lahore (now retaining 
legible dates) bearing Mahmtuid’s name and the ca- 
liph’s, in Arabic characters only. Mahmiid’s coins 
are numerous and historically important. They were 
issued from mints at Nisabiir, Hirat, Ghaznah (a 
common alternative form of the name), Farwén, and 
Balkh, besides Mahmudptir and Lahore, just men- 
tioned. Mahmud died at Ghazni in 1030, the year 
following his expedition to Persia, in the sixty-first 
year of his age and thirty-third of his reign. 

Mahmiid stands conspicuous for his military ardor, his 
ambition, strong will, perseverance, watchfulness, and 
energy, combined with great courage and unbounded self- 
reliance. But his tastes were not exclusively military. 
His love of literature brought men of learning to Ghazni. 
His acquaintance with Moslem theology was recognized by 
the learned doctors, Mahimidd is accused of avarice. It has 
been said that the prospect of booty was as strong a motive 
power in these repeated invasions of India as his love of 
military glory and desire to shine as a champion of the 
faith. An illustration commonly given of his want of 
liberality is his treatment of the poet Firdousi. Delighted 
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with a portion which was read to him of the poet’s metrical 
romance narrating the deeds of the early kings of Persia, 
Mahmfd presented him with a thousand dinars, one for 
each couplet, with an implied promise, or at least expecta- 
tion on the part of the author, of payment on the same scale 
for the rest. 
course, contained no less than sixty thousand couplets, and 
and the reward this time was given in dirhems instead of 
dinars, F¥irdousi retired in disgust to his native place, Tis, 
and satirized the sultan. At a later time, it is said, Mah- 
miid sent him the larger sum; but the poet died just 
before it arrived. Mahmad had the general reputation 
of giving liberal and discerning encouragement to learned 
and literary men. Among those who took up their abode 
at Ghazni, in his time, the most noted, after Firdousi, were 
the poet Unsuri of Balkh, whose compositions were largely 
devoted to the praise of the sultan Mahmfd; another poet, 
Asjudi of Merv, wlio wrote a grand ode on the Somnath ex- 
pedition; Kl Uthi of Khorasin, author of the Kitdb-i- Yam- 
imi, w history of Subuktigin and of Mahmfd (to about the 
middle of his reign); and the accomplished historian, Aba 
Ribaén, called Al Birfini, author of the Turtkh ul Lind, as 
well as of a number of scientific works. The sultan estab- 
lished large educational institutions at Ghazni. : 

Mahmid also found time to bestow attention on other 
arts of peace, and did not neglect his capital and the country 
around, Large sums were devoted to important public 
works. The building of the great Jama Masjid of Ghazni 
is described by El Uthi in admiring terms. A splendid 
palace which Madmid built induced wealthy nobles at 
Ghazni to erect great mansions for themselves. Two fine 
towers or minarets at Ghazni, 140 feet in height, bearing 
Malunfid’s name (though one is said to have been built by 
his successor) have attracted the attention of travellers, 
They are of a remarkable construction, the lower part with 
a zigzag or star-shaped outline, the upper part round, like 
the third and fourth stories of the Kuth Minar at Delhi, 
built two centuries later. Like the Kuth pillar, too, they 
are isolated, and may, like it, have served as minarets for 
a separate mosque or mosques. The dam called the Band-i- 
Sultin, which Mahmid constructed to form an artificial 
luke for irrigation, appears to have been a really great and 
substantial work. 

Mahmiid, besides being marked by small-pox, had an ill- 
favored countenance, and knew it. Courtiers met his allu- 
sions to his personal appearance by the familiar compli- 
mentary remarks about inward graces more than counter- 
balancing outward defects. He himself is said to have ob- 
served, after looking in the glass, that he saw so many 
faults in himself he was ready to excuse those of others, 

Mahm{fid’s tomb stands in a garden a short distance from 
Ghazni, called Rauzat-i-Sullin (“the sultan’s tomb,” or 
“ garden” —the word means both.) On one of the minarets 
is an inscription which gives all his titles. On the massive 
tombstone within the building he is named more briefly 
Nizam-ed-din Abu’] Késim Mahmiid, son of Subuktigin. 
He was succeeded by his son Muhammad, who was soon 
displaced by his more vigorous brother Muséfid. 

The principal histories of Mahm(d’s reign are—Kitdb-i- 

Tamint (Utbi); Varikh-us-Subuktigin (Baihaki); Tabakat % 
Nasvi (Minh4j el-Sirhj); Rauzat-us-Safa (Mir Khond) ; 
Habib-us-Siyar (Khondamir). See Elliot, History of Iulia ; 
Elphinstone, History of India; Jowr. Roy, As. Soc., vols. ix., 
xvii.; Jour. As. Soc. Bengal, vol. xii.; As. Res., vols. xvi. xvii. 

(R. M'L*,) 


MAHOGANY, a familiar dark-colored wood largely 
used for household furniture, and supplied by a large 
tree indigenous to Central America and the Antilles. 
It was originally received from Jamaica; 521,300 feet 
were exported from that island in 1753.  Stotetenia 
Mahogani, 1, is the sole species of the genus of the 
order Meliacee: (Benth. and Hook., Gen. P1., 1. 838). 
It bears imparipinnate leaves, like those of the ash, 
and panicles of small pentamerous flowers with 10 
monadelphous stamens. he fruit is a pear-shaped 
woody capsule, with many winged seeds. The dark- 
colored bark has been considered a febrifuge, and the 
seeds were used by the ancient Aztecs with oil for a 
cosmetic, but the most valuable product is the timber, 
first noticed by the carpenter on board Sir Walter 
Raleigh’s ship in 1595, for its great beauty, hardness, 
and durability. Dr. Gibbons brought it into notice as 
well adapted for furniture in the early part of the 18th 
century, and its use as a cabinet wood was first prac- 
tically established by a cabinetmaker named Wollaston, 
who was employed by Gibbons to work up some 
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mahogany brought to England by his brother. Since 
its introduetion no wood has been more generally used 
for cabinet-making purposes, and none possesses like 
advantages of combined soundness, large size, uniform 
grain, durability, beauty of color, and richness of 
figure. 

In the trade the wood is generally classified under the 
two heads of Spanish Mahogany and Honduras Mahogany 
or Baywood, The former comprises the rich, solid, and 
heavy varieties, susceptible of a high degree of polish, and 
frequently showing rich wavy figuring, in which case the 
wood is enormously enhanced in value, and used only in 
the form of veneers. Under the name of Honduras ma- 
hogany or baywood is embraced the light open-grained and 
plain classes of mahogany, uniform in color, and valuable 
for the ease with which they can be worked for an endless 
variety of uses where sound straight timber, free from all 
tendency to warp, is required. By importers, however, 
several classes of mahogany are recognized, ‘The original 
Spanish mahogany is the produce of the island of San Do- 
mingo, whence only small supplies now come, and these 
mostly in logs of not more than 8 to 10 feet in length by 12 
or 13 inches in thickness. Cuba mahogany is in richness 
of figure and other properties little inferior for ornamental 
purposes to San Domingo wood, while it possesses the 
advantage of being obtained in logs up to 35 feet long and 
2 feet square in cross section. Squared Honduras logs are 
sometimes obtained 40 feet long and two feet thick, and, 
although the wood is generally plain in character, richly 
figured logs are occasionally got. It appears that the Hon- 
duras wood obtained in the north, near the Mexican bound- 
ary, is much more rich, dense, and solid than the soft 


swamp-grown timber which commonly goes by the name 


of Honduras or baywood. In Mexico the mahogany-tree 
attains its greatest dimensions, and thence logs squared to 
40 and even 48 inches are sometimes obtained, whilst the 
common size of logs varies between 15 inches and 38 feet. 
The Mexican wood is cut into lengths of from 18 to 30 feet, 
for convenience of shipment, and, while in general the 
wood is plain and somewhat soft in the core, the produce of 
some provinces, Tabasco especially, is firm, solid and not 
unfrequently richly figured, Occasionally the wood which 
has been floated in tropical seas is found to be badly 
“wormed” or attacked by marine borers. The cutting, 
squaring, and shipment of the wood in the tropical regions 
which are its home are conducted under circumstances of 
great difficulty. The tree has recently been introduced 
into the northwest provinces of India under very favorable 
conditions, and its successful cultivation there is likely to 
prove a matter of considerable economic importance. a- 
hogany is included among the second-class woods in Liloyd’s 
list for ship-building purposes; it is a good deal employed 
in internal joiner work both in ships and houses; it is a 
favorite turnery wood, and is equally preferred by wood- 
carvers. The imports of mahogany into the United King- 
dom during 1881 were 42,412 tons, of an estimated value of 
£390,418, fully one-half of which came from Mexico. 


MAHOMET. See Mowammen, 

MAHONY, Francts (1804-1866), ‘‘ Father Prout,’ 
Roman Catholic priest, scholar, journalist, song-writer, 
and humorist, was born at Cork of a respectable middle- 
class family in 1804, His classical education was 
chiefly obtained at a Jesuit college at Amiens, and 
after studying theology at Paris he reecived clerical 
ordination, and served in Switzerland and Ireland. He 
then came to London and officiated for some time in 
the chapel of the Bavarian Legation. While there he 
fell in with the coterie of wits and men of letters who 
were then engaged on Mraser’s Magazine, and, soon 
finding their society and pursuits more congenial to 
him than those of the Romish priesthood, he, about 
1834, began to contribute his celebrated Prout papers 
to Fraser. hese consist principally of translations of 
well-known English songs into Latin, Greek, French, 
and Italian verse, which he humorously represents as 
being the true originals from which the Wnelish: 
authors had merely plagiarized them. The songs of 
France, and those of modern and ancient Italy (includ- 
ing among the latter many most. felicitous renderings 
of Horace’s odes), were then given in Hnglish versions, 
accompanied by a running commentary full of queer 
humor and often acute criticism. Prout’s translations — 
have been universally admired for the extraordinary 


‘command which they display of the various languages 
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into which his renderings are made, and for their spirit 
and freedom both of thought and expression.  Per- 
haps, however, the wonder at his polyglott learning 
has led to less attention than is deserved being paid to 
the remarkable excellence of many of his Hnglish 
versions of French and Latin odes. In happy abandon 
they are often almost unequalled, and most of them 
have all the unfettered character of original composi- 
tions. It might have been expected that with his 

reat gift of poetical expression he would have left 
Behind him more of what was exclusively his own. 
What he has given us in this line tends chiefly to show 
that with all his sarcastic and cynical wit his genius 
had also its tender, serious, and sentimental side. His 
‘ Bells of Shandon”’ have always been greatly admired ; 
and ‘‘ The Mistletoe,’”’ ‘‘ The Redbreast of Aquitaine,”? 
“The Lady of Lee,” and the ‘‘ Legend of Arethusa ”’ 
are not without a certain sweetness and beauty. In 
1846 Mahony became ‘‘ own correspondent’ at Rome to 
the Daily News, and his letters from that capital gave 
very vivid pictures, and contain much valuable and in- 
teresting information, of the first years, so full of liberal 
promise, of the reign of Pius LX. The last twelve or 
fifteen years of his life were spent in Paris, from which 
he supplied the Globe with a series of piquant letters 
on the incidents of the day. His death took place in 
May, 1866. Mahony was not less distinguished as a 
conversationalist than asa writer. He had great stores 
of very various knowledge, had seen much of the world, 
and had a quick power of repartee and no end of sharp 
cynical wit. It is difficult to suppose that he could ever 
have been in his true place as a priest of the Roman 
Catholic Church. Bohemian as he was, however, he 
never separated himself’ from it, or seems to have lost 
his Etahmont to it; and it is creditable to his character 
that, though living much among scorners and indiffer- 
entists, he would never suffer injurious reflections 
either upon his church or upon Christianity to pass 
without sharp rebuke. 

The Reliques of Futher Prout were collected from Fraser's 
Magazine and published in two handsome volumes in 1836, 
a considerably enlarged edition appearing in 1860, A bio- 
graphical notice of him by his friend Mr, Sheehan was pre- 
fixed to the Bentley Ballads; and many additional details 
were given, with a considerable amount of his fugitive work 
contributed to the Daily News and the Globe, edited by Mr. 
Blanchard Jerrold, in the Final Reliques of Futher Prout, 
published in 1876, 

MAHRATTAS. The Mahrattas inhabit that por- 
tion of India which is known by the ancient name of' 
Maharashtra (Sanskrit for the great kingdom or region). 
This large tract, extending from the Arabian Sea on the 
west to the Satpura mountains in the north, comprises 
a good part of western and central India, including 
the modern provinces of the Conean, Khandesh, 
Berar, the British Decean, part of Nagpur, and about 
half the Nizam’s Decean. Its area amounts to about 
120,000 square miles, and its population to about 12 
millions of souls, or 100 to the square mile. The pop- 
ulation has increased greatly in the 19th century under 
British rule; but there had been much decrease dur- 
ing the 17th and 18th centuries owing to war and de- 
vastation. Frightfal depopulation occurred from the 
famine which was at its height in 1400 A.p., and was 
called the Darga Déyf or the goddess of destruction. 
Much mortality was also caused by famine between 
1801 and 1803. There was probably a period of high 
prosperity during the first centuries of the Christian 
era, under a number of petty indigenous sovereigns, 
among whom these wide territories had become pareel- 
led out before the first invasion of the Deccan be the 
Moslems about 1100. 

The etymology of the word Mahratta (or Marhatta, 
as itis written in the vernacular) is uncertain. ‘The 
name does not indicate a social caste, or a religious 
sect; it is not even tribal. It embraces the people of 
all races who dwell in the region of Mahdrashtra, 
both high-caste and low-caste Hindus; it is applied, 
of course, to Hindus only. Thus there are Mahratta 
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Brahmans, next Mahratta Kumbis or cultivators, and 
Mahratta Rajputs or warriors, though the latter have 
but a small infusion of real Rajput blood. The Mah- 
rattas, then, are essentially Hindus in religion and in 
caste ordinances, not differing in these respects from 
the Hindus in other parts of India. ‘They have a lan- 
guage of their own, called the Mahratti, a dialect of 
the Sanskrit, —a copious, flexible, and sonorous tongue. 

But the Mahrattas have always been a separate na- 
tion or people, and still regard themselves as such, 
though nowadays they are almost all under British or 
Mohammedan jurisdiction ; that is, they belong either 
to British India orto the Nizam’s Dominions. <A few 
states or principalities purely Mahratta,—such as Kol- 
hapur and some lesser states clustering around it in the 
southern Decean,—still survive, but they are under 
close supervision on the part of the British Govern- 
ment. ‘There are indeed still three large native states 
nonginally Mahratta, namely, that of Sindhia near the 
borders of Hindustan in the north, that of Holkar in 
Malwa in the heart of the Indian continent, and that 
of the Gaekwar in Gujerat on the western coast. But 
in these states the prince, his relatives, and some of 
his ministers or employés only are Mahrattas; the no- 
bility and the mass of the people are not Mahrattas at 
all, but belong to other sections of the Hindu race. 
These states then are not to be included in the Mah- 
ratta nation, though they havea share in the Mahratta 
history, and are concerned in the extraneous achieve- 
ments of that people. 

In general terms the Mahrattas, as above defined, 
may be described under two main heads, first the 
Brahmans, and secondly the humble or low-caste men, 
The Mahratta Brahmans possess, in an intense degree, 
the qualities of that famous caste, physical, intellect- 
ual, and moral, They have generally the lofty brow, 
the regular features, the spare upright figure, the calm 
aspect, the commanding gait, which might be expected 
in a race maintained in great purity yet upon a broad 
basis. In modern times they have proved themselves 
the most able and ambitious of all the Brahmans in 
the Indian empire. ‘They are notably divided into two 
sections—the Geecareeh coming from the Concan or 
littoral tract on the west coast below the Western Ghat 
mountains, and the Déshast, coming from the uplands 
or Decean, on the east of the mountains. Though 
there have been many distinguished Déshasts, yet the 
most remarkable of all have been Concanasts. For 
instance, the pdéshwas, or heads of the Mahratta con- 
federation which at one time dominated nearly all 
India, were Concanast Brahmans. ‘The birthplaces of 
these persons are still known, and to this day there are 
sequestered villages, nestling near the western base of 
the Ghats, which are pointed to as being the ancestral 
homes of men who two centuries ago had political 
control over the Indian empire. 

Apart from the Brahmans, the Mahrattas may be 
generally designated as Stidras, or men of the hun- 
blest of the four great castes into which the Hindu 
race is divided. But, as indicated above, the upper 
classes among the Mahrattas claim to be Kshattriyas 
or Rajputs. They probably.are aborigines fundament- 
ally, with amixture of what are now called the Seythian 
(ribes, which at a very early time overran India. They 
have but a slight admixture of the Aryans, who vic- 
toriously immigrated from Central Asia and established 
the Hindu system. 

These ordinary Mahrattas, who form the backbone 
of the nation, haye plain features, an uncouth manner, 
aclownish aspect, short stature, a small but wiry frame. 
Their eyes, however, are bright and piercing, and un- 
der excitement will gleam with passion. Though not 
powerful physically as compared with the northern 
races of the Punjab and on they have much activi- 
ty and an unsurpassed endurance. Born and bred in 
or near the Western Gh&t mountains and the numer- 
ous tributary ranges, they have all the qualities of 
mountaineers. Among their native hills they have at 
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all times evinced desperate courage. Away from the hills 
they do not display remarkable valor, except under the 
discipline which may be supplied by other races. For 
such organization they have never, of themselves, 
shown any aptitude. Under civilized authority, how- 
ever, they are to be reckoned among the good soldiers 
of the empire. In recent times they enter military 
service less and less, betaking themselves mainly to 
cultivation and to the carrying business connected with 
agriculture. As husbandmen they are not remarkable ; 
but as graziers, as cartmen, as laborers, they are excel- 
lent. As artisans they have seldom signalized them- 
selves, save as armorers and cloth-weavers. 

Those Mahrattas who dwell in the extreme west of 
Maharashtra, within the main range of the Western 
Ghats, and in the extreme north of Maharashtra near 
the Sftpura mountanis, are blessed with unfailing 
rainfall and regular seasons. But those who dwell at 
a distance from these main ranges, or among the lywer 
or subsidiary ranges, are troubled with variable mois- 
ture and uncertain seasons, frequently too, with alter- 
nations of drought and of flood. Periodically they are 
aftlicted by scarcity, and sometimes by severe famine. 
They have within the last half century largely extended 
their area of cultivation. Their industry, which is 
chiefly agricultural, has grown apace. 
is undoubtedly to increase in numbers; and despite 
occasional depopulation from disasters of seasons, they 
have increased considerably on the whole. But in some 
districts, owing to the famine of 1877, and the sick- 
ness which ensued when excessive rainfall followed the 
drought, the population has been stationary, while in 
others it has actually retrograded because epidemics 
and plagues of vermin were added to the misfortunes 
of season. 


Their tendency | 


Among all the Mahrattas the land is usually held on | 
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the tenure technically known as ‘‘ryotwari.’’ This 
tenure is now established under the British Govern- 
ment by surveying and assessing operations comprehen- 
ded under the official term ‘‘settlement.’’ It practi- 
cally means peasant proprietorship. The proprietor, 
or ryot, is a cultivator also. His holding may be on 
the average 20 or 30 acres, divided into small fields. 
Of these fields he cultivates some, himself work- 
ing at the plough, and his family weeding and 
cleaning the soil. He will also hire labor, and thus 
the farm-laborers become a considerable class. He 
pays to the Government direct the land tax, which is 
assessed on his holding for the long term of thirty 
years, so that he may have the benefit of his improve- 
ments. His property in the land is absolute; it de- 
scends according to the Hindu law of inheritance; it 
can be sold or otherwise transferred by private arrange- 
ment; it is pledged or mortgaged for debt, and money 
is largely borrowed on its security. It is liable to sale 
for default in regard to land revenue ; and Government 
as a creditor has the first claim. Thus, as a peasant 
proprietary, the Mahrattas are in the best possible 
position, and have been so for many years since the 
completion of the British settlement. Their only fault 
is a disposition to live beyond their humble means. 
They have thus been of late years led into debt, which 
has produced disputes between them and the money- 
lenders, ending sometimes in agrarian disturbance. 

In the Concan there are some superior proprietors 
termed Khotes. With this and perhaps some other 
exceptions, notably that of Nagpur, there are not 
in thé Mahratta country many large landlords, nor 
many of the superior tenure-holders whose position 
relatively to that of the peasantry has caused much 
discussion in other parts of India. here are indeed 
many Mahratta chiefs still resident in the country, 
members of the aristocracy which formerly enjoyed 
much more wealth and power than at present. ‘They 
are sometimes in the position of landlords, but often 
they are the assignees of the land revenue, which they 
are entitled under special grants to collect for them- 
selves instead of for Government, paying merely a 
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small sum to Government by way of quit-rent. Under 
them the cultivators are by British arrangements 
placed in the position of peasant proprietors. The 
village community has always existed as the social unit 
in the Mahratta territories, though with less cohesion 
among its members than in the village communities of 
Hindustan and the Punjab. The ancient offices per- 
taining to the village, as those of the headman (pated), 
the village accountant, ete., are in working order 
throughout the Mahratta country. 

The Mahratta peasantry possess manly fortitude 
under suffering and misfortune. Though patient and 
good-tempered in the main, they have a latent warmth 
of temper, and if oppressed beyond a certain endurable 
limit Nes would fiercely turn and rend their tormen- 
tors. Cruelty also is an element in their character. 
As a rule they are orderly and law-abiding, but tradi- 
tions of plunder have been handed down to them from 
early times, and many of them retain the predatory 
instincts of their forefathers. The neighborhood of 
dense forests, steep hill-sides, and fastnesses hard of 
access offers extraordinary facilities to plunderers for 
screening themselves and their booty. Thus gang 
robbery is apt to break out, gains head with rapidity, 
and is suppressed with difficulty. In time of peace it 
is kept under, but during war, or whenever the bands 
of civil order are loosened, it becomes a cause of 
anxiety and a source of danger. The women haye 
frankness and strength of character; they work hard 
in the fields, and as a rule evince domestic virtue. 
Conjugal infidelity, however, is not unknown among 
ee, and here, as elsewhere in India, leads to blood- 
snea, 

The peasantry preserve a grave and quiet demeanor, 
but they have their humble ideas of gaiety, and hold 
their gatherings on occasions of births or marriages. 
They frequently beguile their toil with carols. They 
like the gossiping and bartering at the rural markets 
and in the larger fairs, which are sometimes held in 
strikingly picturesque localities. They are utterly 
superstitious, and will worship with hearty veneration 
any being or thing whose destructive agency they fear. 
They will even speak of the tiger with honorific titles. 
They are Hindus, but their Hinduism is held to be of 
a non-Aryan type. They are sincerely devout in re- 
ligion, and feel an awe regarding ‘“‘the holy Brah- 
mans,’’ holding the life and the person of a Brahman 
sacred, even though he be a criminal of the deepest 
dye. They of course regard the cow as equally sacred. 
There are two principal sects among the modern 
Hindus—those who follow Vishnu, and those who fol- 
low Siva. The Mahrattas generally follow Siva and 
his wife, a dread goddess known under many names. 
The Mahratta war-cry, ‘‘ Hur Hur Mahadeo,”’ which 
used to be heard above the din of battle urging the 
soldiers to onset with victorious élan, referred to Siva. 
All classes high and low are fond of the religious festi- 
vals, the principal of which, ‘‘the Dasserah,’’ occurs 
in October, when the first harvest of the year has been 
secured and the second crops sown. This has always 
been held with the utmost pomp and magnificence at 
every centre of Mahratta wealth and power. The 
people frequently assemble in bowers and arbors con- 
structed of leafy boughs to hear ‘‘kathas’’ recited. 
These recitations are partly religious, partly also ro- 
mantic and quasi-historical. After’ them national 
resolves of just resistance or of aggressive ambition 
have often been formed. 

Apart from the Mahratta Brahmans, as already 
mentioned, the Mahratta nobles and princes are not 
generally fine-looking men. Their appearance, not- 
withstanding jewelry and rich apparel, is still that of 
peasants. There certainly are some exceptions, but 
there is general truth in what was once said by a high 
authority to the effect that, while there will be some- 
thing dignified in the humblest Rajptit, there will be 
something mean in the highest Mahratta. Bluff 
good-nature, a certain jocoseness, a humor pungent 
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and ready, though somewhat coarse, a hot or even 
violent disposition, are characteristics of Mahratta 
chieftains. They usually show little aptitude for busi- 
ness or for sedentary pursuits; but, on the other hand, 
they are born equestrians and sportsmen. As a rule 
they are not moderate in living, and are not unfre- 
quently addicted to intemperance. Instances of licen- 
tiousness and debauchery have always been found 
among them. They have generally sprung from a 
lowly origin, and they have been proud of this fact 
even after attaining greatness. 
Mahratta chiefs, each of whom established a large 
kingdom—Sindhia, Holkar, and the gaekwar—de- 
clared the lowliness of their birth. Holkar was the 
descendant of a shepherd; Sindhia boasted of having 
begun life by keeping his master’s slippers; and by his 
very title the gaekwar perpetuates the memory of his 
rovenitor having tended the cow (gke). Mahratta 
adies and princesses have often taken a prominent 
part in public affairs and in dynastic intrigues; in 
some instances their conduct has been of the highest 
type, in others their influence has been exerted for evil. 

Though they have produced some poetry, the Mah- 
rattas have never done much for Oriental literature. 
Nor have they been distinguished in industrial art. 
Their architecture in wood, however, was excellent ; 
and the teak forests of their country afforded the finest 
timber for building and for carving. They had also 
much skill in the construction of works for the supply 
of drinking water on a large scale, and for irrigation. 


On the whole the Mahrattas will hardly be regarded by | 
Europeans as being among the most interesting of the! 


Indian races. The admirable History of the Muahrattas, by 
Captain Grant Duff (1826), may possibly awaken enthusi- 
asm, as written under personal advantages and with 
living knowledge which will never again be possessed by 
historian of the later Mahratta times. At all events, a 
strange interest gathers itself around the Mahratta history, 

In the first place the Mahratta country is for the 
most part strategically important as well as highly pic- 
turesque. Some parts of the Deccan are indeed almost 
irretrievably ugly. The stretches of low hill have 
long been disforested, and even laid bare of lesser vege- 


tation, and the champaign tracts are treeless as far as | 


the eye can reach. Still much of the Mahratta country 
lies in the bosom or near the skirts of mountains, The 
geological formations may be popularly described as con- 
sisting of trap, basalt, and indurated lava in magnificent 
layers. The black precipices, scarped for thousands of fect, 
and striped with marks of the layers, are superb. The 
summits, though generally flat with horizontal outlines, are 
often broken into towers and cones. The vapors from the 
Arabian Sea are propelled by the southwest monsoon 
against these mountain tops, and produce an excessive rain- 
fall. Hence arise a luxuriant vegetation, and the surprising 
spectacle (af certain seasons) of cascades tumbling down the 
perpendicular flanks of the mountains. The forests have 
suffered during ages from wasteful cutting; but of late 
years a system of conservancy has been established, and 
many great forests remain. 

The mountains stand in the midst of a fertile and popu- 
lous country ; on both sides of them are rich valleys, culti- 
vated plains, numerous villages, and large towns. Thus 
insurgents or warriors had here a complete military base, 
with sources whence supplies could be drawn, and strong- 
holds for organizing power or for securing refuge. This 
hill country has been regarded by strategists as one of the 
strongest, in a military sense, to be found in India. It ex- 
tends over nearly 500 miles from north to south, and has 
at least twenty fortresses which in uncivilized warfare 
were virtually impregnable if resolutely defended, and 
which, though of course unable to resist a scientific attack 
in these times, would yet prove difficult of approach. Sev- 
eral of these are surrounded with historic traditions. In 
former times there was no road worthy of the name across 
these mountains. No means of passage existed save steep 
rugged pathways for footmen and pack animals. Within 
the last generation the British Government has, in Oriental 
phrase, lifted up the veil of these mountains, piercing them 
with well-made roads and with railways. There are now 
seven of such roads, and two lines of railway open, a third 
being projected. Guns and troops as well as goods and 
produce can now be moved up and down these once impas- 
sable mountains. 

It is the range of the Western Ghats which enabled the 
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For instance, three | 
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Mahrattas to rise against their Mohammedan conquerors, 


| to reassert their Hindu nationality against the whole 


power of the Mogul empire, and to,establish in its place an 
empire of their own. It is often held that in India British 
conquest or annexation succeeded Mohammedan rule; and 
to a considerable extent this was the case. But, on the 
other hand, the principal power, the widest sovereignty, 
which the British overthrew in India was that of the 
Mahrattas. 

During the earlier Moslem invasions in 1100 and in subse- 
quent years, the Mahrattas do not seem to have made much 
They submitted to several Mohammedan kings 
under the changing circumstances of those times. They 
were despised by their conquerors, and were called ‘moun- 
fain rats” in derision. It was against the Mohammedan 
king of Bijapur in the Deccan that Sivaji, the hero of Mah- 
ratta history, first rebelled in 1657. Sivaji and his fighting 
officers were Mahrattas of humble caste, but his ministers 
were Mahratta Brahmans. When the Mogul empire ab- 
sorbed the kingdom he defied the emperor. He imparted 
a self-reliant enthusiasm to his countrymen, formed them 
into an army, and organized them as a political community; 
his mountaineer infantry, though limited in numbers, 
proved desperately courageous; his cavalry was daring and 
ubiquitous. Having once overcome the Hindus in almost 
all parts of India, often after heroic resistance, the Mos- 
lems had not-for centuries met with any noteworthy up- 
rising. Sivaji, however, planned their expulsion, and 
before the end of his restless life made much progress in 
the execution of that design. The new Mahratta state 
which he founded was maintained under various vicissi- 
tudes after his death. Still Mahratta resistance, once 
aroused by him, was never extinguished, and the imperial 
resources were worn out by ceaseless though vain efforts to 
quell it. The great Mogul emperor’s impoverished and en- 
feebled successor was fain to recognize the Mahratta state 
by a formal instrument. The Mahratta king, a descendant 
of Sivaji, was a roi faingant, and the arrangement was ne- 
gotiated by his Brahnian minister, whose official designa- 
tion was the péshwa. The oflice of péshwa then became 
hereditary in the minister’s family, and grew in importance 
as the Mahratta kingdom rose, while the king sunk into 
the condition of a puppet. Thus the Mahratta power was 
consolidated throughout nearly the whole of Mahardshtra 
under the Brahman péshwa as virtual sovereign, with his 
capital at Poona, while the titular Mahratta raja-or king 
had his court at the neighboring city of Sattara. Despite 
his political importance, however, the raja was still vene- 
rated as the descendant of Sivaji. 

Then several chiefs carved out principalities of their own 
from among the ruinsof the Mogul empire. Thus Raghoji 
Bhoénsla established himself in the tracts lying underneath 
the southern base of the Satpura range (namely, Nagpur 
and Berar), overran Orissa, and entered Bengal. Daminaji 
Gaekwar descended from the Western Ghats upon the allu- 
vial plains of Gujerat around Baroda; Takaji Holkar sub- 


| dued the uplands of Malwa beyond the Vindhya range on 


the north bank of the Nerbudda; and Madhaji Sindhia 
obtained possession of large tracts immediately south of 
Agra and Delhi, marched into Hindustan, and became 
virtually the master of the Mogul emperor himself. Princes 
of Sivaji’s own family founded a dominion at Tanjore, in 
the rich delta of the Kaveri south of Madras. 

But these principalities, though really independent re- 
specting internal administration, and making war or peace 
with their neighbors according to opportunity, yeb owned 
allegiance to the péshwa at Poona as the head of the Mah- 
ratta body. On state occasions heads of principalities 
would visit Poona by way of acknowledging the superior 
position of the péshwa. On the other hand the péshwa was 
careful to obtain the sanction of his nominal sovereign at 
Sattara to every important act of state. Thus a confedera- 
tion was formed of which the Brahman péshwa or head was 
at Poona, governing the adjacent territories, while the 
members, belonging to the lower castes of Mahrattas, were 
scattered throughout the continent of India. Such was 
the Mahratta empire which supplanted the Mogul empire. 
The Mahratta power grew and prospered till if embraced 
all India with certain exceptions. Its culminating point 
was reached about 1750, or about a century after Sivaji 


first rebelled against his Mohammedan sovereign. 
b f=) 


Its armies drew soldiers from all parts of India. The 
infantry was not of good quality; but its cavalry was 
really an enormous force, numbering fully a hundred 
thousand in all. The horsemen were splendidly audacious 
in riding for long distances into the heart of a hostile coun- 
try, without support, striking some terrific blows, and then 
returning rapidly beyond reach of pursuit. They could 
truly boast of having watered their horses in every Indian 
river from the Kaveri to the Indus. Ifattacked, however, 
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Inv competent manner, they would “ob stand; and after 
wards, in conflieh with the British, whole masses of them 
behuved in a dastardly manner, As thelr ambition grew, 
the ehiels began to orgwnize thelr troopa alter the system 
low from the Miglioh and Wrench, In this way several 
Mronchmen De Bolgne, Perron, wid obhers--rose in the 
Mihiattw services tow position dangerous to the British, 
Bol the new system wae Gisuiled to the Miavhawtta genius 
it timpered the metoorle movements of the cavalry, which 
win obliged to thancauvre tay combination with the new 
wrebitiery and the dinelplined: bathwtions, Mahratta elders 
honee ublovod prodietions of military diswaiter whieh were 
fn the ond move than falitbed, 

While the Mahwittin collected yast quantities of trensure 
wid valuables, the ordiiary revenue of the confederation 
hardly excooded ton miitions sterling amnually, Large 
winiounts, however, were drawn by feudal tonure-holders, 
which never appeared in the publie accounts, The areiv 
vod popilition under the dominion or the control of the 
oonfedention could hardly have been less than 700,000 
pq uiive tailed and PO wit ons of souls, 

The vapld wid mmnazing succeeds of the Mahvabta confed. | 


ovition rendered th the lawost Hindu sovereignty that ever | 
oxinted ta dndin, Bub ii tieked the cloments of trae proat: | 
How, Lb wae founded by plundering expeditions, and tts 
nubsequent existence wie talnted by the haseness of this 
proditovy orlgin, With the exception of the peshwas, tts 
Chiety were Tittle more than froebooting warriors, for the 
nionl part rude, Violent, wad untettored,  Choelr custom wie 
to offer thet noighborw ov vielhna the alternative of paying 
“ohouth,” that in, one-fourth of the vrovenue, or boing plane | 
derod and mvaged, Thus the Mahratty chouth came to 
have wn ominous dipnificnnce in Tadian history, Desultory 
offorla were mnde to oatablish welvil government, but in| 
(ho tintin there wae no admilnisGaeution formed on states. 
miuntike principled, Che pashwas, on the obher hand, as 
Hrahiinne, wore men of the highorwt education then possible 
In Tndin, Dab they wore wbsorbod by the direetion of mil- 
Jlary wid politionl combinations, and by intrigues for the 
prosorvation of thely own power; and, even allowing for 
wll this, they failed to evinee the civil capaelty whieh 
Wight have been wnatieipated, While several disphiyed 
COMMAND ADT Glos, and sone posorsod Mitiny Vibes, One 
only abtomptoed to condnet in adniinisteation in an enlight- 
oncd nianner, wid he dled promaburely, 

There were at the same tine powers existing in Tidia to 
koop the Mahuta in eheelk, and it last just bean men. 
(lonod that some parte of India were exeepted from their 
dopredations, ‘Pho tngtiah power was rising ab Caleutta, 
Madea, and Bombay, The nascent Sileh power prevented 
Malvatta tiedratone from belig pormanenthy sueeessful in 
(he Punjab, As the Moeul empire broke up, some separate 
Mohammedan powers rose upon tts rains, ‘Che nizam of the 
Docewn ontablinhed Ainwel! at Tyderabad, comparatively 
now bhe hondquarters of the pdshwa, Ibyder Ali was pro- 
Olatmed sultan of Mysore in the south, Ahmed Shah Ab- 
(all bart upon Dadla trom Atehanistan, Che Matvattas 
bravely eneountered hii at Panipat, near Delhiin 1761, and 
wore doolalvely defoated, The defert, however, did not 
essentially shale the Mahvattia empire, It was collision 
with the Bnglish that broke that wonderful fabric to 
PAOGOM, 

Tho tlyatecollision with the English oceurred in 1780; it 
apowd fron a disputed succos@on to the poshwaship, The 
Wngtish Government at Bombay supported one of the 
Clatminte, and the allie became erttloal for the Wngliah as 
Woll as for the Mahvattas, Tt was at this conjuncture that 
Warvon Hastings displayed his politioal genius and ren- 
Covod signal sorvies to his country, 

Tho noxt collision happened in 1808, The pdishwa had 
fillon dnto prave diMeultlos with some of the principal 
Mombora of the Mavhoatha confodoration, namely Sindhia, 
Holkwy and the Bhonshy raja of Nagpur, He therefore 
placed Niinself under British protection, and this led to the 
grout Mahvatta war, ia whieh the Marquis Wellosloy dis- 
playod thove talouts for military and politieal combination 
which have rendered hin illustrious, Tt was during the 
ouMpadgns which onsued that Gonoratl Arthur Wellesley 
dotontod Holkar and the Bhonsla raja at Assaye, and Gone- 
rl Lake won tho vietorios of Marrukbabad, Dig, and Las. 
want over Sindhia and Hotkey, Phe three confederates, 
Sindhia, Holla, and the Bhonala, concluded poace with the 
British Govormmont, attor making large sacrifices of torri- 
tory In favor of the vietor, and submilting te British con. 
trol politionlty, Thus tho Mahwatta empire was broken 
wp. Tt was during these ovonts that tho British won the 
provinge of Orissa, tho old Hindustan now known as the 
Northwostorn Provinces, and a part of the western coast 
oomprising GQajorat, 


ho third collision came to pass bobweon 1816 and 1818, 
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through the conduct, not only of the confederates, but also 
of the péshwa himself, During the previous war the peshwa 
had been the protégé and ally of the British; and since the 
war he had fallen more completely than before under Brit- 
ish protection and guidance, British political officers and 
British troops being stationed at his capital, He apparently 
fell encouraged by circumstances to rebel, Holkar and the 
Bhonslas committed hostile acts. The predatory Pindaris 
offered a formidable resistance to the British troops. So the 
pishwa ventured to take part in the combination against 
the British power, which even yet the Mahrattas did not 
despair of overthrowing, After long-protracted menaces, 
he attacked the British at Kirki, but failed utterly, and 
fled a vuined man, Ultimately he surrendered to Sir John 
Malcolm, and was seut a8 a state pensioner to Bithir, near 
Cawnpur, Thus the last vestige of the Mahratta empire 
disappeared, ‘Che British, however, released the raja of 
Sattara from the captivity in which he had been kept dur- 
ing the poshwa’s time, and reinstated him on the throne, 
Owing to these events the British Government became 


possessed of the Concan and of the greater part of the 


Docewn, 
It remains to mention briefly the fortunes of each re- 
maining member of the once imperial confederation. The 


| principality of Sattara was held to have lapsed in 1849 by 


the death of the raja without lineal heirs, and was annexed. 
by the British Government, The Bhonsla raja of Nagpur 
and Berar was obliged to surrender Berar to the nizam, as 
the ally of the British, in 1808, Berar then remained under 
the nizam till 1854, when it eame under British admini- 
dtration, though it is still included in the nizam’s domi- 
nions. The vaja of Nagpur died without lineal heirs in 
1854, and his territory, being held to have lapsed, was an- 
noxed to the British territories, The house of Hollkar has, 
during the last sixty years, remained faithful to its engage- 
ments with the British Government, and its position as a 
foudatory of the empire is well maintained, In Sindhia’s 
torritory, by reason of internal feuds, the British had to 
undertake measures which were successfully terminated 
after the battles of Maharajpur and Penniar in 1843. But 


-on the whole the house of Sindhia has remained faithful, 
/Sindhia himself was actively loyal duriug the war of the 


mutinios, The gaokwar gradually fell under British con- 
trol towards the close of last century, and his house has 
never engaged in hostilities with the British Government, 
The gaokwar Khande Rao sigualized himself by loyalty 
during the war of the mutinies. His successor, Malhar 
Rao, has recently been deposed by the British Government 
on account of gross maladministration, The ex-péshwa 
lived to old age at Bithdr, and died in 1851, His adopted 
son grew up to be the Nana Sahib, of infamous memory, 
who took a loading part in the war of the — 
Rit) 


MAIIZOR (111), or MaArraAzor,! as some write the 
word (from the root 7), to go round, to return), sig- 
nifies a cycle. The term is used by the Jews in a 
threefold) sense: — (1) astronomically, as Mahzor 
Katun for the cycle of nineteen years, Mahzor Gadol 
for that of twenty-eight years, Mahzor Giadol lalle- 
banah® for the Metonic cycle; (2) liturgieally, for the 
‘Larger Prayer-Book,’’ whether in its narrower or its 
wider meaning (see below); and (3) ritually, for a 
book containing religious laws and directions, as, for 
example, Muahzor Vitri by R. Simhah b. Shemuel of 
Vitri-le-rangais, Mahzor Rabbenu Tam by R. Ya- 
‘akob b. Meir of Rameru, etc. In the dirst sense the 
plural is either Mahazoroth,* or Mahzorim,* or Maha- 
vor’n® in the second and third it is exclusively Mah- 
zorim, As most ancient prayer-books contain more 
or less fully elaborate “tables,” exhibiting calendar 
matter in Connection with the fixing of feasts and fasts 
and of the lessons from the Pentateuch and the Pro- 
phets, we cannot be in doubt as to the true cause of 
the application of the word Mahzor to the ‘ Larger 
Prayer-Book.”” Tt is, not applied because it is the 
eqiivalent of the Syriac hudr@, as some think, but 
simply because Mahzor is the equivalent of the Greek 
cyclos (KiwAog).® 


1 Targum Yonathan on Genesis i. 14 (29) whieh is the 


plural of Mahagoro, and mediately of Mahazor, 

2 Thismust not be mistaken for Mahzor Qudol shel Lebanah, which 
consists of twenty-one years, See Pireke R, Li’ ezer, cap. vil, 

§ See Pireke R. Hliexer, cap, vi. 

4 See Pireke R, Hivezer, cap, vi, * See note 1 above, 

® Vor the sake of completeness we may mention the term ‘*Ma- 
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The Mauhzor, meaning prayer-book, is capable of 
division from different points of view. According to 
its contents we may divide it into two parts,—-the 
Smaller and the Larger. The Smaller Mahzor con- 
tains the ordinary prayers, together with the poetical 
insertions and the lessons from the Pentateuch and the 
Prophets used on the Yamim Noraim, or ‘* Awe- 
inspiring Days’’ (i.e, New Year and the Day of 
Atonement), and those used on the Yamim ’Tobim, 
the three principal festivals (Passover, Pentecost, and 
Tabernacles). The Larger Mahzor is, indeed, the only 
one which really deserves this name, since it embodies 
the ordinary prayers, together with the poetical in- 
sertions for the whole year, and the lessons from the 
Pentateuch and the Prophets for-all feasts and fasts 
and the other extraordinary occasions. According to 
its various ‘‘uses’’ the Mahzor may be divided into 
the Rabbanite and the Anti-Rabbanite. The Anti- 
Rabbanite Mahzor comprises the Karaite,' used by the 
so-called Karaites, or Scripturalists, inhabiting Russia 
(especially the Crimea), Galizia (Austrian Poland), 
mI ° . . 

Hgypt, Palestine, ete., and the Semi-Iaraite, adopted 
by the so-called ‘ Reformed Jews’ of England, in 
reality the ‘‘ Congregations of British Jews’’ of Lon- 
don, Manchester, and Bradford.2 The Rabbanite 
Mahzor may be divided into that of the Ashkenazim, 
the Sepharadim, and the Italiani. The Italian Mah- 
zor, though embodying large Ashkenazie and Sepha- 
radic elements, is yet a distinct ‘‘use.’’? It branches 
out at home into three subdivisions—(1) the Roman,’ 
(2) the Neapolitan‘ (now extinct), and (3) the Italian 
roper;® and abroad into (4) the Greek Rites of 
affa,® Crete, ete., (Crete having very early received 
a large influx of immigrants from I*rance and Ger- 
many, but chiefly from Italy), and (5) the Roman- 
jan,’ 7.¢., the ‘‘use’’ obtaining, among others, at 
Constantinople and other Byzantine cities. The 
Italians who, long before the year 1000, had given 
Jewish learning and poetry, not merely to Germany, 
but to the whole Roman empire, received in the 
14th century numerous immigrants. from north- 
ern France,’ in the 15th century from Spain and Por- 
tugal, and at all times from Germany. ‘The ‘ uses”’ 
of these immigrants are practically preserved side by 
side with the native Italian to this day. ‘The pure 
Sepharadic Ritual’ represents, in the first instance, of 
course, the ‘‘use’’ of the Jews formerly inhabiting 
_ and Portugal, who now form the minority in 
amburg, Amsterdam, Manchester, London, Paris, 
Vienna, Budapest, 'emesvar, Semlin, Bucharest, Ve- 
nice, Rome, and some other [talian and Greek cities, as 
also in Canada and the United States, and the majority 
in India, Persia, Morocco, Leghorn, Corfu, Belgrade, 
all Bulgaria, Constantinople, Palestine, Egypt, South 
Arabia, and other parts of the Turkish empire, in the 
hazorto,” which occurs in the Massoreth, It is not so called, as 
some have thought, because the Muhzor Vitri (or, indeed, any other 
Mahzor), ever gave the text of the whole Bible. The Mahazorto 
was a pattern codex ofithe Bible, and got its name simply from its 
containing the cycle of the sacred Seriptures,—the Law, the Pro- 
bets, and the Hagiographa, It (ora similar codex) is also some- 
es called Mahazoro Rubbo, in contradistinction to smaller codi- 
ees, which contained only some part of the Bible. It should be 
also borne in mind that the Babylonian Jews (us we are distinetly 
told of those of Nehardea) used in olden times to read on Sabbaths 
in the synagogue not merely, as nowadays, the Pentateuch and 
portions of the Prophets, but, in the afternoon service, portions 
of the Hagiographa also ie B., Shabbuth, 116b), ‘ 

1 See Daily and Festival Prayers, in 4 vols., Venice, 1528-29, 4to; 
in 3 vols., Kale, 1806, 4to; in vol 
enna, 1854, 5vo. 

2 Korms of Prayer, ete., in 5 vols., London, 1841-43, 8vo. 
py ed Soncino, Casal Maggiore, 1485-86, Bologna, 1540, both 

Olio. 

4 Cambridge MS. Add. 491. 

5 Prayers, etc., Venice, 1545, 16mo, ete. 

6 Cambridge MS, Add. 542, 

7 Prayers for the Whole Year, ete., in 2 vols., Venice, 1517-49, 
folio; Constantinople, 1573-76, folio. The copies of both editions 
in the Cambridge University Library are, so far as we know, the 
finest to be found in England, 

8 There are to this day three congregations in Italy (Asti, Fos- 
sano, Moncalvo), which use the ancient ritual of northern France 
(see MS. Add. 667, in the Cambridge University Library). 


® Seder Tephilloth, etc., Amsterdam, 1642, 16mo; in 4 vols., 1644; 
in 6 vols., London, 1789-98; Mahzor, etc., Vienna, 1820, 8vo, 


s., upatoria, 1836, 4to; do., Vi- 
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French possessions in Afvica, and in the south of 
France. Some of these, although characteristically 
Sepharadic, are distinct enough to claim a ritual of 
their own, as those of ‘* Catalonia,’ Algiers," Tunis,” 
Tripoli, Tlemeen,'* Ceylon and Cochin in India,'® the 
Comtat in France,!® and Provence, as a whole, in by- 
gone days." The ‘use’ of the Ashkenazim,'® ze., 
of the majority of the Jews inhabiting Germany, the 
Austrian states, Hungary, Russia, Denmark, Sweden, 
France, Belgium, Holland, the British empire (India 
excepted), the United States, ete., branches out into 
two rituals, the German proper” andthe Polish. his 
latter has some differences of use between Great Po- 
land and Little Poland.” The German proper had in 
times past the separate rituals of Worms and other 
cities in the empire, which are all now extinct. ‘Those 
of Brankfort-on-the-Main and of other towns are not 
sufficiently marked to deserve separate notice. It 
should, however, be mentioned that there are scat- 
tered everywhere, both at home and abroad, ‘ Re- 
formed congregations,’’ whose separate uses and prac- 
tices are more or less an imitation of the ‘‘Temple”’ 
(Reformed congregation) of Ilamburg.*4 Some of 
these have only introduced choirs, others have intro- 
duced instrumental music, and others again have con- 
siderably curtailed not merely the poetical insertions, 
but the ordinary prayers themselves, and haye intro- 
duced hymns and prayers in the vernacular. 
(S. M. §.-S.) 

MAI, ANGELO (1782-1854), cardinal, well known 
as the discoverer and editor of numerous ancient texts, 
was born of humble peasant parentage at Schilpario, a 
mountain village in the province of Bergamo, Lom- 
bardy, on March 7, 1782. For the excellence of his 
early education, received at Bergamo, he was indebted 
to a Jesuit priest named Mozzi, whom the suppression 
of the order had caused to settle in the neighborhood. 
He afterwards accompanied Mozzi to a college at 
Colorno, in the duchy of Parma, where the Jesuits 
had been permitted to re-establish themselves; and 
there he entered the noviciate of the society in 1799. 
In 1804, after the brief which restored the Jesuits to 
the T'wo Sicilies had been granted, he was removed to 
Naples as teacher of classics in the college there. 
Next, after completing his theological studies at the 
Collegium Romanum, he lived for some time at Or- 
vieto, where he was admitted to priestly orders, and 
was engaged partly in teaching and partly in the pal- 
sographical studies for which he had already mani- 
fested a strong partiality. The political events of 1808 


10 Mahzor, etc., Salonika, 1863, 8vo. 

MN Hokhmath Hammisken, ete., 1793; yap 1823; Mahzor, Katan, 
ete., 1861, all at Leghorn, in Svo. 

12 Mahzor, ete., Pisa, 1794; Selihoth, 1845; Pene Haragel, 1856, all at 
Leghoin, and in 8vo, 

13 Sipnethe Renanoth, ete., 2 vols., Venice, 1648, 1711, 4to, Leghorn, 
1887; Kisshuvin Leya akob, Leghorn, 1858; Readings, Venice, 1736, 
all three in 8vo. 

M Mahzor, ete., 1842 and 1861, both at Leghorn, and in 8vo, 

16 Order of Prayers, etc, Avasterdam, 1757 and 1769, Leghorn, 1849, 
all in $vo, 

1 Or Venaissin, 7.¢, the four congregations of Carpentras, Avig- 
non, Lisle, and Cavaillon. See Seder Hattamid, ete., Avignon, 
1767, Aix, 1855, 8vo0.; Seder leyamim Noraim, ete., 1739; Seder lesha- 
losh Regalim, 1759-1762, both at Amsterdam, and in 8vo.; Seder 
Hakunteris, ete., Avignon, 1765; Seder shel yom Kippur, 1766, and 
Seder Haashmuroth, 1763, both at Amsterdam, and all three in 4to. 

MW Tt ought not to be omitted that in the old Provencal ritual 
andthe South Arabian there are several points of contact exist- 
ing. A teacher or teachers must have come from the one coun- 
try and settled in the other, We will give but one example, The 


phrase, yoann mo bow) NW7PDN7T 1°73] which occurs 
in the Pathshegen (on Genesis ii. 1), by an Tested author, and 
published by Dr, Nathan Adler, and which the editor modestly 
says he has not succeeded in finding, is in reality to be found in 
the service of the Hosha'noth, both in the old Provencal Mahzor 
(Camb, MS, Add. 752, leaf 205); only that, instead of NWI). 


it reads RWIDD N°34) and in that of Yemen (Camb. MS, Add 


1200, leaf 62b), though in no other so far as we know. 

18 Mahzor. Pesaro, 1520, Augsburg, 1586, Venice, 1567, all in folio; 
6 vols., London, 1807, 1824, 1826, etc., 8vo. 

19 Mahzor, 2 vols,, Sulzbach, 1794, folio, 

2” These differences show themselves first in the prayer ‘ El 
erekh appayim” in the service for Monday and Thursday. 

21 Ordnung der bffentlichen Andacht, ete., 1819; Seder Mwabodah, 
ete., both at Hamburg, and in Svo, , 
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necessitated his withdrawal from Reme (to which he 
had meanwhile returned) to Milan, where he assumed 
the functions of a secular priest, and in 1813, through 
the influence of Mozzi, was made custodian of the 
Ambrosian library. He now threw himself with char- 
acteristic energy and zeal into the business of carefully 
exploring the numerous and valuable MSS. committed 
to his charge, and in the course of the next six years 
was able to restore to the world a considerable number 
of long-lost works. With the full approval of all 
concerned he now withdrew from his connection with 
the Society of Jesus, and in 1819 he was. invited to 
Rome as chief keeper of the library of the Vatican, 


Soon after his installation there he found the palimp-, 


sest from which he edited the De epublica of Cicero ; 
this, probably the most important work of his life, was 
followed by the publication of a vast number of frag- 
ments of Greek and Latin fathers and historians. In 


1833 Mai was transferred from the office of Vatican | 


librarian to that of secretary of the congregation of the 
Propaganda; on February 12, 1838, he was raised to 
the dignity of cardinal. In this rank he successfully 
discharged the functions of prefect of the congregation 
for the supervision of the Oriental press, prefect of 
the congregation of the council of Trent, and cardinal 
librarian of the Roman Church. He died at Castel- 
gandolfo, near Albano, on September 9, 1854, be- 
queathing his valuable private library at half its esti- 
mated value to the Vatican, the proceeds to be applied 
to the relief of the poor of his native village. 

To the period of his Milanese activity belong M. 7. Cice- 
ronis trium orationum, pro Scauro, pro Tullio, pro Flacco, par- 
tes inedite (1814, from a palimpsest containing the poems of 
Sedulius) ; MW. 7. Ciceronis trium orationwm in Clodium et Cu- 
rionem, de xre alieno Milonis, de rege Alexandrino, fragmenta 
inedita (1814, from a MS. containing a Latin translation of 
the Acta of the council of Chalcedon); M. Corn. Frontonis 
opera inedita, cum epistolis, item ineditis, Antonini Pii, Marci 
Aurelii, Lucit Veri et Appiani, necnon aliorum veterum frag- 
mentis (1815) ; portions of eight speeches of Quintus Aurelius 
Symmachus, fragments of Plautus, the oration of Iseeus 
De hereditate Cleonymi, the last nine books of the Antiquities 
of Dionysius of Halicarnassus, and a number of other edi- 
torial labors. M. Tullii Ciceronis de Republica que swpersunt 
appeared at Rome in 1822; Seriptorum Veterwm nova collectio, 
e Vaticanis codicibus edita (10 vols. 4to), in 1825-38; Classi- 
corum Auctorum Collectio e Vaticanis codicibus edita (10 vols. 
8vo) in 1828-38; Spicilegiwm Romanum (10 vols. 8vo) in 1839- 
44; and Patrum nova Bibliotheca (6 vols. 4to) in 1845-53. 
His edition of the celebrated Codex Vaticanus, completed in 
1838, but not published (ostensibly on the ground of inac- 
curacies) till four years after his death (1858, 5 vols. 4to), 
is unsatisfactory and has been superseded by the subsequent 
magnificent edition of Vercellone and Cozza (Rome, 1868), 
which in turn leavesmuch to bedesired. Generally speak- 
ing, it may be said that the services rendered to scholarship 
by Mai (great though they were) were merely those of a 
laborious and persevering pioneer; as a textual critic he 
does not rank high, either for sagacity or for accuracy. 


MATA was the eldest and fairest of the Pleiades, the 
seven daughters of Atlas and the Oceanid Pleione. 
Her name marks her as the ‘‘fruitful mother’’; and 
the seven sisters have no individuality except as the 
mothers of famous families. They were all born on 
Mount Cyllene in Arcadia, and are sometimes called 
mountain goddesses. Ina cave of Cyllene, in the dark- 
ness of night, Maia became by Zeus the mother of the 
god Hermes. Maia bears one of the most characteristic 
names of the Phrygian mother, Cybele or Ma, the god- 
dess whose home is on mountains and in caves; and in 
a common class of votive reliefs Hermes-Cadmilus is 
represented as a youth bearing a vase standing beside 
the throne on which Cybele sits. Maia was also an 
epithet of the Bona Dea, who is a form of Cybele, in 
Rome. See Conze, ‘‘ Hermes-Cadmilos,’’ in Arch. 
Ztg., 1880. 

MAIDENHEAD, a municipal borough and market- 
town in Berkshire, England, in the diocese of Oxford, 
223 miles from London, 133 from Reading, and 6 from 
Windsor. It was formerly called Matdenhythe, a wharf 
for timber and a wooden bridge across the Thames haying 


MAIA—MAIDSTONE. 


existed there from very early times. In 1352 Edward 
ILI. incorporated a guild to keep the bridge in repair. 
In 1400 the duke of Surrey and the followers of Richard 
IL. held the bridge against the new king, Henry IV., 
and at nightfall made good their retreat. In July, 1647, 
a meeting took place at the Greyhound Inn between 
Charles 1. and his three children. The church dedi- 
cated to St. Andrew and St. Mary Magdalene, was 
originally founded by Margaret of France in 1270, and 
it was rebuilt on the same site in 1724; but in 1826 it 
was entirely taken down, and a new church was erected 
at the east end of the High Street. A church dedicated 


| to St. Luke was erected in 1867, and enlarged in 1869. 


The town contains a small town-hall, a large hall 
recently erected for concerts and lectures, schools, alms- 
houses, and Roman Catholic, Wesleyan, and Baptist 
places of worship. There are numerous charities for 
the education and maintenance of poor persons. ‘The 
principal trades are in malt, meal, and timber. <A fine 
stone bridge across the Thames was erected at a cost of 
£20,000 in 1772, connecting Berkshire with Bucking- 
ham. The scenery around Maidenhead is extremely 
picturesque, and several noblemen’s seats are in the 
neighborhood. Population in 1871, 6173: in 1881, 
8219. 

MAIDSTONE, a municipal and parliamentary bor- 
ough, and the county town of Kent, England, situated 
almost midway between London and Doyer. It lies 
principally on the eastern bank of the river Medway, 
the modern part spreading over.the western slopes of a 
nicturesque valley, which is intersected and environed 
te orchards and hop gardens. Although antiquaries 
have conjectured that Maidstone was a military station 


‘of the Romans, few Roman remains have been found 


in the neighborhood. The Saxon spelling of the name 
was Medwegestun, ‘‘ Medway’s town.’’ The manor, 
valued in Domesday Book at £35, 10s., had from a very 
early period belonged to the see of Canterbury. Arch- 
bishop Boniface in 1260 established a hospital here for 
poor pilgrims, the chapel of which, with modern addi- 
tions, is again used for public worship. The parish 
church of St. Mary, which had existed from Norman 
times, was demolished in 1395 by Archbishop Courte- 
nay, who erected on the site thereof the present church 
of All Saints; he also, at a short distance, founded a 
college of secular canons, the ruins of which are an in- 
teresting specimen of 14th century architecture. From 
the reign of John until the Reformation the arch- 
bishops had here a residence, at which Stafford and 
Courtenay died; but the existing building known as the 
palace dates chiefly from Elizabethan times. The 
rectory, with the manor, passed into lay hands at the 
Reformation; and, having been a perpetual curacy for 
three hundred and twenty years, the living became a 
vicarage in 1866. All Saints is one of the largest parish 
churches in the kingdom, and contains, besides many 
excellent monuments, the richly carved sedilia and the 
twenty-eight oak seats used by the collegiate priests. 
The parish has, since 1837, been divided into nine 
ecclesiastical districts, each with a church. The gram- 
mar school was founded in 1549, and endowed with the 
estates of the local Corpus Christi fraternity, then dis- 
solved; the hall in which the guild assembled still 
remains. Broadcloth and linen thread, introduced by 
Dutch settlers, were at one time manufactured here; 
but brewing and papermaking have long superseded 
these industries. Of the barges trading on the Med- 
way, about sixty belong to Maidstone wharfingers. 
The river is crossed by a stone bridge of three arches, 
completed in 1879. A museum, with public library 
attached, was opened in 1858. The endowed charities 
yield an annual income of £3000. Since the beginning 
of the 17th century the Kent assizes have generally 
been held at Maidstone. From Saxon times down to 
1830 condemned malefactors were executed, and all the 
great county meetings were held, on Penenden Heath, 
a common situated about a mile northeast of the town 
and recently enclosed by the corporation. The area of 
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the municipal borough is 4008 acres, of the parliamen- 
tary borough 4576 acres. ‘The population has steadily 
increased during the present century; in 1801 it was 
8027, in 1881 29,632. 

With general history Maidstone has been intimately 
associated. Wat Tyler broke into the prison, liberated 
John Ball, the rebel preacher, and committed other depre- 
dations. Several of the leading inhabitants joined Jack 
Cade’s rising. Sir Thomas Wyatt, who resided at Allington 
Castle, now an ivy-clad ruin a mile and a half north of the 
town, raised the standard of rebellion at Maidstone on 25th 
January, 1554. As a punishment for their complicity with 
Wyatt, the burgesses were for the next five years deprived 
of their charter of incorporation. The rising of the Kentish 
royalists in 1648 collapsed at Maidstone, where, on the Ist 
June, Fairfax, after five hours’ obstinate fighting, captured 
the town at midnight. Anciently governed by a portreve, 
Maidstone was first incorporated by Edward VI., and since 
the beginning of Elizabeth’s reign it has sent two repre- 
sentatives to parliament. Andrew Broughton, one of its 
mayors, as clerk of the court which tried Charles I., read 
the fatal sentence to the king. 

See Russell’s History of Maidstone, and Poste’s History of 
the College of All Saints. 

MAIMANSINH, or Mymenstna, a district in the 
lieutenant-governorship of Bengal, India, lying between 
23° 56” and 25° 25’ N. lat., and 89° 43” and 91° 18” EK. 
long., with an area of 6287 square miles, is bounded on 
the N. by the Garo Hills, on the EK. by Sylhet, on the 
8.E. by Tipperah, on the 8S. by Dacca, and on the W. 
by the river Jamund, which separates it from Pabna, 
Bogra, and Rangpur districts. It is, for the most part, 
level and open, covered with well-cultivated fields, and 
intersected by numerous rivers. The Madhupur jungle 
is aslightly elevated tract, extending from the north of 
Dacea district into the heart of Maimansinh, almost as 
far as the Brahmaputra; its average height is about 
60 feet above the level of the surrounding country, and 
it nowhere exceeds 100 feet. The jungle contains 
abundance of sa@/, valuable both as timber and for char- 
coal. During the cold season the open parts of the 
jungle afford grazing grounds for cattle. The only 
other elevated tract in the district is on the southern 
border, where the Susang hills rise. They are for the 
most part covered with thick thorny jungle, but in parts 
ave barren and rocky. The Jamundé forms the western 
boundary of Maimansinh for a course of 94 miles. It is 
navigable for large boats throughout the year; and 
during the rainy season it expands in many places to 5 
or 6 miles in breadth, overflowing a considerable por- 
tion of low-lying land. The ‘Brahmaputra enters 
Maimansinh at its northwestern corner near Karaibari, 
and flows southeast and south till it joins the Meghna 
a little below Bhairab Bazar. The gradual formation 
of chavs and bars of sand in the upper part of its 
course has diverted the main volume of water into the 
present channel of the Jamuna, which has in conse- 

uence become of much more importance than the 
ey thontra proper. The Meghna only flows through 
the southeast portion of the district for a short distance. 
The eastern and southeastern parts of the district 
abound in marshes. ‘The wild animals include tigers, 
leopards, deer, bears, elephants, and an occasional 
rhinoceros. Small game is abundant. 


The census of 1872 returned the population of Maimansinh 
at 2,349,917 (males, 1,187,962; and females, 1,161,955),— 
Mohammedans numbering 1,519,635; Hindus, 817,963; 
Christians, 124. Of aboriginal tribes the most numerous 
are the Hajongs (24,936) and Gédros (10,997). The semi- 
Hinduized aborigines number in all 205,592, of whom more 
than one-half are Chandals (123,262), the most numerous 
caste in the district, employed as cultivators, fishermen, 
laborers, and menial servants. Among high-caste Hindus, 
Brahmans number 33,414. Five towns contain upwards of 
5000 inhabitants;— Maimansinh or Nasirdbéd, 10,068; 
Jamalpur, 14,302; Kisoriganj, 13,637; Sherpdr, 8015; and 
Dhanikhola, 6730. Uldkandi or Bhairab Bazar, although 
with only a population of 1500, is the most important com- 
mercial mart, with a large trade in jute and a well-supplied 
cattle-market. Rice, of which three crops are raised an- 
nually, forms the staple food crop of the district. Other 
agricultural products are wheat, oats, maize, pulses, linseed, 
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mustard, til, indigo, tobacco, sugar-cane, pén,and jute. The 
last constitutes the chief commercial staple. Maimansinh 
suffers occasionally from blights and floods, but never to 
any serious extent. The chief imports are piece goods, raw 
cotton, wheat, betel nuts, chillies, sugar, and cattle; the 
exports consist of rice, jute, indigo, reed-mats, hides, brass 
and copper utensils, cheese, ghi, etc. Tobacco and muslins 
are also exported toa small extent. Besides a little mus- 
lin, the only manufactures are coarse silk cloth, sitalpati 
mats, cheese, and ght, Apart from the rivers, means of 
communication are afforded by about 146 miles of good and 
124 miles of inferior roads. Although the general revenue 
(£166,938 in 1880-81) has more than doubled in seventy-five 
years, the land revenue has remained almost stationary; in 
1880-81 it was only £75,226, excise amounting to £23,652, 
and stamps to £48,680. Education in 1872-73 was afforded 
by 173 state-supported schools attended by 6372 pupils, be- 
sides 71 unaided schools, with 2425 pupils. Except towards 
the close of the rainy season, the climate is fairly healthy. 
The average annual rainfall is 105 inches, 

MAIMBOURG, Louts (1610-1686), a French his- 
torical writer, was born at Nancy in 1610. At the age 
of sixteen he entered the Society of Jesus, and after 
completing his theological studies at Rome he became 
a classical master in the Jesuit college at Rouen. He 
afterwards devoted himself to preaching, but with only 
moderate success. After having taken some part in 
minor controversies he threw himself with energy into 
the dispute which had arisen as to the Gallican liber- 
ties; for his Traité historique sur les prérogatives de 
? Hglise de Rome (1682) he was by command of Inno- 
cent XI. expelled from his order, but rewarded by 
Louis XIV. with a residence at the abbey of St. Victor, 
Paris, and a pension. He died on August 13, 1686. 
His numerous works (exhaustively enumerated in the 
Biographie Générale) include histories of Arianism, 
the iconoclastic controversy, the Greek schism, Luther- 
anism, Calvinism, and of the pontificates of Leo I. 
and Gregory I.; they are mere compilations, written 
indeed in a very lively and attractive style, but inac- 
curate throughout, and wherever matters of contro- 
versy are touched on, specially untrustworthy. 

MAIMONIDES (1135-1204). Among the great 
men to whom Mohammedan Cordova! has given birth— 
and these are not a few—the greatest is unquestionably 
Rabbenu Mosheh b. Maimun? Haddayyan.* Like the 
lives of so many great men, that of this ‘last of the 
Geonim as regards time and the first of them as re- 
gards worth ’’* is surrounded by a halo of fables, some 
of which, though fictitious, are instructive in many 
respects, whilst others are telling in dramatic effect and 
touching in the extreme. Some of these fables, how- 
ever, are merely amusing, whilst others are simply 
ridiculous. The present article confines itself to facts 
and a few criticisms founded on them. 

‘“Rambam,’’ or Maimonides, was born March 30, 
1135, and died at Cairo, December 13, 1204; conse- 
quently he did not quite attain the age of seventy,°—a 
short space of life, when we take into consideration all 
the work he did for his contemporaries and all the 
works he left to posterity. ‘ 

Like many other great and conscientious rabbis of all 
times, who considered it a sin to make of religious 
learning a means of gaining bread, Maimonides adopted 
the medical profession. That he must have greatly 


1 Hence he is ealled “ Al-Kortubi” (and not al-Kordovi, or 
Hakordoyi) by Arabic writers, and “Hassephardi” by himself 
(preface to Mishneh Torah). 

2 From the initials of his name, with “R” (for ‘‘Rabbenu”’) 
prefixed, and his father’s name with ‘“B” (for son of) prefixed, 


the Jews call him RaMBaM; among Christians he is, more Greco, 
called Maimonides, from his father’s name Maimun or Maimon, 

8 See end of the commentary on the Mishnah (“Ani Mosheh bar 
Maimun Haddayyan”’). 

4 So Maimonides is designated by the famous Enbonet Abram 
(or Yeda‘yah Happenini Bederesi, z.¢., of Beziers) at the end of 
his Behinath ‘Olam. F 

56 Whoever wishes to know more of these fables may gratify his 
desire, if he knows Rabbinic, by reading Ibn Yahya’'s Shalsheleth 
Hakkabbalah ; if he understands German, by reading Jost’s Ge- 
schichte; and if he understands only English, by reading Benisch, 
Two Lectures, ete., London, 1847, 8vo. 

6 Note at the end of the author's commentary on T. B., Rosh 
Hasshanah, by his grandson R, David (dallebunon, ti. p. 60).. 
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excelled in it is not merely known by.the medical works 
he composed, but is best testified to by the fact that, 
although a Jew (and the times and the country he lived 
in were certainly not more tulerant than ours), he held 
the lucrative and important office of court-physician to 
Saladin of Heypt. 

Maimonides was master of Greek-Arabic philosophy, 
as may be seen from his Vechiical Terms of Logic, 
his Guide, and his other works. That he was a 
mathematician and astronomer of no mean standing 
appears from the Maamar Ha'ibbur® (calculations of 
the calendar, which he wrote at the age of twenty-two), 
the Hilekhoth Kiddush Hahodesh (in the book Ze- 
mannin of the Mishneh Torah), and the commentary 
on T. B., Rosh Hasshanah. That he was a great 
Talmudist we know from his commentary on the J//sh- 
nah and his chef-d cuvre the Mishneh Yorah. That 
he was, as philosopher and theologian, a profound 
thinker we know from his Guide of the Perplexed and 
his other works. ‘To sum up in a few words the merits 
of Maimonides, we may say that, with all the disad- 
vantages of the times in which he lived, he was the 
greatest theologian and philosopher the Jews ever pro- 
duced, aud one of the greatest the world has seen to 
this day. As a religious and moral character he is 
equalled only by a few and surpassed by none. 


The works of Maimonides were composed by him partly 
in Hebrew and partly in the vernacular Arabic,—a portion 
of the latter being translated into Hebrew by himself, 


I. Works composed by Maimonides in Hebrew. 


1. Mishneh Torah, i.e., the systematic codification of the 
whole of the Jewish law, as it is to be found in the Bible, 
the Mishnah, Tosephta, Mekhilta, Siphra, Siphre, both Talmudim, 
the Sheeltoth, Halakhoth Gedoloth, the Responsa of the Geonim, 
the Hilekhoth, Rab Al-phesi, ete. This work is drawn up in 
fourteen (7//. = Yad) books, with a view to which fact and 
to the author’s name (Mosheh) admiring and grateful pos- 
terity called it, from Deut. xxxiv. 12, Hayyad Hahazakah,— 
a title which has eclipsed, if it has not actually super- 
seded, that given to it by the author himself. Great has 
been the success of this work. If Maimonides has notsuc- 
ceeded in superseding by it the Babylonian Talmud (as 
some think was his purpose*), he has certainly succeeded 
(probably against his will) in making of it a second Tal- 
mud of Babylon in the Talmudic acceptation of this term.* 
The Mishneh Torah has become an arena of endless, though 
happily bloodless, strife. It is to this day a place of tour- 
nament for all Talmudists. The hundreds of folios on 
Rabbinic literature, written since the author’s time, con- 
stantly draw the Rambam,® naturally or artificially, into 
the discussions they contain. To clear up a difficult Ram- 
bam, or to “answer a Rambam,” 1. e., to remove an apparent 
difficulty in the Mishneh Torah, is the great test of the fit- 
ness or learning of a rabbi to this day. Moreover, all 
Sepharadim have received its dicta, though only cum grano, 
whilst the congregations of Arabia (as those of Yemen and 
others) not only live absolutely according to its teachings, 
but have actually neglected the study of the Yulmudim 
through it. The work itself is to be found in MS. in 
numerous libraries probably one of the oldest MSS. lying 
in the University Library of Cambridge, Add. 1564), 
Printed editions are also numerous, some without “ strict- 
ures ” (Hassagoth) and without a commentary, others with 
the “strictures” of the great rabbi® of the little town of 
Pesquicrs (in Provence), others with commentaries yary- 
ing from four to eight, and even more. The earliest edi- 
tion, which has neither place nor date, appeared somewhere 
in Italy, about 1480; the second at Soncino, 1490; the 
third at Constantinople, 1509; the fourth, fifth, sixth (with 
the Sepher Hammisvoth, etc.), and seventh editions at Ven- 
ice, 1524, 1550, 1550-51, and 1574-75 respectively; the 
eighth (with the Antichristiuna) at Amsterdam, 1702-3, all 
in folio; the most recent and incomplete edition being that 


1 This work was translated from the Arabic into Hebrew by R 
Mosheh Ibn Tibbon, and printed for the first time at Venice, 1550, 
4to, The third edition (J*rankfort-on-the-Oder, 1761, 4to) has a 
commentary by Mendelssohn. 

2 See the collection Dibere Hakhamim (Metz, 1849, 8vo), p. 23. 
The translation is by R. Mosheh Ibn Tibbon. 

3 Luzzatto, Kerem Hemed, iii. 67. _ +7. B., Synhedrin, 24a. 

5 So this work is commonly and especially called from the au- 
thor’s name. 


co * 
6 R. “Abraham Ben Dawid (Rabad) was the author's contemporary 
and the only literary man who eyer conquered him, according to 
}is own confession, 
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of Leipsic, 1862, Svo. The Mishneh Torah stands, and has 
stood for centuries, even among non-Jews, in such respect 
that ‘ parts of books” (Halukhoth) have been rendered into 
other languages, notably into Latin. Extracts from this 
work have been translated into English by the late H. H. 
Bernard of Cambridge (Cambridge, 1832, 8vo) and B, Solo- 
weyczik of Poland (London, 1863, 8vo). 

2, Commentary on the treatise of Rosh Hasshanah 
according to the Babylonian Talmud. We know from 
Maimonides himself that he commented on almost the 
whole of the second, third, and fourth Sedarim and on one 
treatise (Hullin) of the fifth Seder of the Babylonian Tal- 
mud. Butof all this none but his Rosh Husshanah has been 
preserved. This commentary is extant in four MSS., one 
of which, however, is a mere transcript, whilst two of the 
others are imperfect. The only edition existing (Halleba- 
non, ii. p. 61, ete.) is from these imperfect MSS. The one 
perfect MS. copy known to us is preserved in the University 
Library of Cambridge (Add. 494). 

3. Some of the numerous letters ascribed to Maimon- 
ides. These are inextricably mixed up both with letters 
written by him in Arabic and translated by others into He- 
brew, and with letters addressed to him by others. 

4. Religious poetry. There is a short liturgical piece (it is 
recited on the first day of New Year by the Arabie-speak- 
ing Jews of Algiers, Tunis, ete.) which begins th Sha’are 
Ratzon, and which bears the acrostic Ani Mosheh biribbi Mui- 
mon Hazak. It is an ‘“ Akedah.” But because there is a 
composition of the same nature and beginning, but of 
greater length and by another author (‘Abbas Yehudah 
Shemuel), this is, in contradistinction, called’ Akedah Ketan- 
nah. Since the name of Mosheh, however, is common 
among all Jews and that of Maimon among those of 
the Maghrib (see Schiller-Szinessy’s Cambridge Outalogue 
of the Hebrew Manuscripts, ii. p. 28, note 2), this little poem 
may, perhaps, belong to another (and inferior) rabbi of 
this name. If it really does belong to our Maimonides, we 
have a key to his contempt for the liturgical poets.7 Being 
a poor poet himself, he judged them by his own merits, or 
rather demerits. 


Il. Works composed by Maimonides in Arabic. 


1. The commentary on the whole Mishnah. The author 
began this work whilst yet in Spain, continued it on his 
flight through Morocco, and finished it at his ease at Fos- 
tat (Cairo). The merit of this work is that the author ex- 
plains therein the Mishnah in a very lucid and brief way; 
and, having privately digested the Talmudical controversies 
regarding each paragraph, he gives the result of it in the 
decision of the Halakhah. But this work has also its de- 
merits. (1) It is occasionally incorrect in itself. (2) Be- 
ing to most Talmudists accessible only in a translation, 
which they cannot gauge, the smallest clerical error 
produces confusion. (3) Nor were all these translators 
equally qualified for their task. Some were good Talmud- 
ists, but indifferent Arabic scholars; some were good 
Talmudists and good Arabic scholars, but not fine Hebra- 
ists. (For the translators see Schiller-szinessy, ut supra, 
ii. pp. 16, 17.) 

2. The Sepher Hammisvoth is a preliminary to the auth- 
or’s masterpiece, the Mishneh Torah. This small but im- 
portant work has been twice translated,—first by R. Mo- 
sheh b. Shemuel b. Yehudah Ibn Tibbon (Tabbon ?), and see- 
ondly by R. Shelomoh b. Yoseph Ibn Aiyaib. The former 
translation is known by printed editions® and the latter by 
MSS. Ibn Aiytb’s, though less known, is the more correct 
translation. There is a copy of it in the University Li- 
brary of Cambridge (Add. 676, 2). 

3. But the most important and most learned and to 
us the most interesting of Maimonides’s Arabic works 
is the Guide of the Perplexed (Daldlatu ’1-Hairin in Arabic, 
and Moreh Hannebokhim in Hebrew).- It is the result of 
deep research in Bible and Midrash on the one hand and in 
Greek philosophy, as interpreted’ by Aristotle and his fol- 
lowers, together with various religious systems, on the 
other. The purpose of its composition and publication was 
to reconcile Jewish theology with refined heathen phi- 
losophy. Maimonides deservedly held Aristotle in very 
high estimation; his traducers, however, said that he 
placed him in the Guide next to, if not above, Moses. No 
wonder, then, that religious Jews of a certain type in the 
author’s lifetime took offence both at the book and the au- 
thor. But serious warfare broke out only after Maimon- 
ides’s death, which raged for more than a full century, and 
is not entirely extinguished even at thisday. His follow- 
ers, chiefly in Provence at the end of the 13th and the be- 
ginning of the 14th century, some of whom had only eyes 

7 See introduction to the Sepher Hammisvoth. 


8 The first edition appeared without place and date, but Con- 
stantinople about 16516, 4to. 
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for the master’s negations and none for his affirmations, 
declared the whole history of the Bible to be mere sym- 
bolism. Abraham was, according to them, the Morphe, 
Sarah the Hyle, and so forth.! These absurdities were con- 
sidered by the religious as highly irreligious, and pro- 
yoked active opposition and even excommunication. 
These, in their turn, provoked again the strong remon- 
strance of the moderate middle party and the ultimate ex- 


communication of the excommunicators by the excommu- _ 


nicated. But long before that time the Guide had been 
publicly burned,—an act quite un-Jewish, but in unison 
with the age which had more faith than knowledge, and 
which, dwelling in darkness, hated the light. People in 
our days cannot understand this; they cannot understand 
the fierce opposition to the Guide, and much less the attach- 
ment to it. They ask, Is this the great work of the great 
Maimonides? These explanations of the Scriptures we have 
long ago outgrown, and the philoséphy it contains is not 
worth mention by the side of that of Schelling, Fichte, and 
Hegel! But the fact is that, if one wishes to form a proper 
estimate of this work, he must not merely read it, but ear- 
nestly study it. 
historically, 7. e., both in connection with the theological and 
philosophical systems of past ages and with the influence 
it has exercised uninterruptedly from the time of its ap- 
pearance down to almost our own days.? Isolated portions 
of it may have become antiquated. The symbolism of the 
Pentateuch and the meaning of the words of the prophetic 
books and Hagiographa may be clearer to us than they 
were in the author’s time, by reason of our discoveries in 
science, our progress in philology, and our knowledge of 
history. Our kuowledge of Greek philosophy may be much 
greater than Maimonides’s was, owing partly to our ac- 
quaintance with the original writings of Aristotle and oth- 
ers, accessible to Maimonides only through a translation 
of a translation, and partly owing to our collation of nu- 
merous MSS., by which the errors are rectified of the cop- 
ies from which the first translators made their version,— 
a rectification by which parts of the foundation and of the 
superstructure of the Moreh go down at one and the same 
time. But, when all this is considered, the (Guide still re- 
mains a great work,—a product, indeed, of the Middle 
Ages, but truly immortal. * 

4. Responsa and other letters (Teshuboth Sheeloth ve-Igge- 
roth), These do not belong exclusively to Maimonides. 
The first edition came out without place or date, but at 
Constantinople about 1520, folio. 

5. Responsa (printed under the title Peer Haddor) trans- 
lated by R. Mordekhai Tammah, Amsterdam, 1765, 4to. 


Ill. Works composed by Maimonides in Arabic and translated 
into Hebrew by Himself. 


1, The commentary on the Mishnah of the whole Seder 
Tohoroth. As is well known, the translation of this Seder 
has been hitherto regarded as anonymous. But the writer 
of this article has shown in the Cambridge Cutalogue, ut 
supra, ii. p. 17, note 2, the high probability, amounting to 
a moral certainty, that nobody else could have been, and 
that Maimonides himself must have been, the translator of 
this Seder, which more than any other demanded the three 
necessary qualifications of a good translator. 

2. The letter on the sanctification of the name of God 
Cggereth Hasshemad or Maamar Kiddush Husshem)4  Al- 
though the proofs which one can adduce for the translation 
by the author himself of this treatise are not so telling as 
those in the case just mentioned before, the moral certainty 
is not less. ‘The treatise details (1) how much a Jew may 
yield, and how much he must resist, if forced to embrace 
another religion, and (2) that Mohammedanism is not a 
heathenish religion. It is generally held, though not 
quite conclusively proved, that Maimonides wrote this 
treatise pro domo sua, he and his family having been them- 
selves forced to embrace Mohainmmedanism during the per- 
secution by Ibn Tamurt.- It ought to be borne in mind 
that the Jews generally look upon Christianity and Mo- 
hammedanism as having each taken a large share in their 
mother’s (Judaism’s) inheritance, and that, whilst the 


1See Schiller-Szinessy, Catalogue, ete., i. p, 188, notes 1 and 2, 

2Moses Mendelssohn, for example, became one of the great- 
est Pees of his day through studying the Moreh. 

% This book was till within the last few years known only 
through the translation of R. Shemuel b. Yehudah Ibn Tibbon, 
which has been printed numerous times, the editio princeps being 
without place or date, but somewhere in Italy (Bologna?) before 
1480. There is, however, also another translation from olden times 
in existence, It is by the famous R, Yehudah Al-Harizi, and has 

been edited by Schlossberg (i., London, 1851 ; ii.and iii., Vienna, 

1874 and 1879 respectively, all in $vo), The late 8S. Munk has, 

however, surpassed in correctness both his predecessors in his 

Guide des Egarés, which contains the Arabic original with a 

French translation. It appeared at Paris, 1856-66, in 3 vols, 8va, 
4See Geiger, Moses b, Matinon, Breslau, 1850, 8vo, 
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former looked more for her moral, the latter coveted her 
doctrinal possessions. Since morality, however, consists 
more in negatives than positives, and since doctrines are 
more openly challenged and openly avowed than morals, 
the Jews have always manifested less repugnance to pro- 
fess, under pressure, Mohammedanism than Christianity. 
There are other works both in Hebrew and in Arabic 
extant by our author. These relate mostly either to rit- 
ual affairs, and consist of letters to various rabbis, and col- 
leges of rabbis, notably in the south of France, to congre- 
gations in Yemen and elsewhere, or to medical matters, 
and consist of short treatises, such as aphorisms, etc., but 
do not come up in interest to the great works already 
named. (S. M. S.-S.) 
MAINE, a province of France, was bounded on the 
N. by Normandy, on the W. by Brittany, on the 8. 
by Anjou and Touraine, and on the EK. by Orléanais ; 
along with the northern part of Anjou it is now rep- 


‘resented by the departments of Sarthe and Mayenne. 


Together with a portion of Perche which was conter- 


Layal on the west, it constituted a great military goy- 
ernment, of which Le Mans was the capital. Betore 
the Roman conquest Maine was held by the Aulerei 
Cenomani, whence probably its name. Le Mans, a 
ereat city, was connected by the conquerors by good 
roads with Chartres, Orleans, Vend6éme, Tours, An- 
gers, Jublains (capital of the Aulerci Diablintes, 
inhabiting the western portion of Maine), and Sées. 
Under the later Caesars the Cenomani became almost 
independent, and joined the Armorican republic. 
Christianity was first introduced in the 3d century by 
St. Julian, first bishop of Le Mans. Down to the time 
of Hugh Capet the bishops were the real rulers of the 
country; but in consequence of the incursions of the 
Northmen, who came up the Sarthe and Mayenne, 
the erection of strongholds became necessary, and 
Hugh Capet made the countship of Maine hereditary 
in the person of Hugh I. One of the descendants of 
the latter, Count Herbert, having acknowledged the 
suzerainty of William, duke of Normandy, the people 
of Le Mans availed themselves of the absence of the 
Conqueror in Kngland to rise against him, and were 
ultimately successful in gaining their freedom. Maine 
became united with Anjou by the marriage of its 
heiress with Fulk of Anjou, father of Geoffrey Plan- 
tagenet. Henry II. of England, the son of Geoffrey, 
was born at Le Mans. On the confiscation of the 
estates of King John, Maine passed to Philip Augus- 
tus of France; by Louis [X., the grandson of Philip, 
it was handed over in 1245 to Charles, count of Prov- 
ence, afterwards king of Naples; and in 1328 it was 
reunited to the domains of the crown by Philip of 
Valois, who was count of Maine. It was again sepa- 
rated by his grandson Louis of Anjou, the brother of 
King Charles V. During the Hundred Years’ War, 
Maine was a continual battlefield; the Knglish were 
at last driven out by Dunois, who took possession of 
Le Mans in 1447. In 1481, on the death of Charles 
of Maine, the last scion of the house of Anjou, Maine 
was again united to the French crown by Louis XI. 
The province suffered much during the wars of reli- 
gion; its strong places were dismantled by Henry IV. 
and Richelieu. At the Revolution the troops of La 
Vendée entered Maine, and took possession of Laval, 
Mayenne, and Le Mans at the end of 1793; after they 
had been defeated by the republican forces under 
Marceau and Westermann, their place was taken by 
the Chouans; and the pacification of the province, 
begun by General Hoche, was not completed until 
1800. ‘Towards the close of 1870 the second army of 
the Loire, retreating before the Prussians, was re- 
formed in Maine, and in the neighborhood of Le 
Mans one of the last great struggles in the Franco- 
German war took place in January, 1871. 


MAINE. 
Copyright, 1882, by Joshua L. Chamberlain, 
MAk=: the most northeasterly of the United 
S.ates, lies between 43° 4” and 47° 277 337 N 
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Jat., and between 60° 56/48 and 71" 6741/7 W, long, Tt 
Plate ¥ ii S02 my low teextreme length and 2850 in 
Liesl Wilh, with adotalaven of 38,040 suave miles 
(of which 20,805 nqiiiwo milled are dand), betag nearly an 
lavwoanall the other Now Waglind Stated combined, [ts 
five vonuimnblos thatbol a mountain poal, broken ab the 
top, Tt A, base tonte on the Atlantic Osean, On 
the MW, and Nit tine the province of Now Branawiel, 
and on tho NW, the provinee of Queboo, while tt 
aouthorn hall ia bounded on the Wy by tha State of 
Now thamypohive, 

Nhe qonmtdine monduved direct is about 225 milew in 
extents; but the aimerous river mouths 
wnd indentations of the doa male an aebiual 
didawater tine of nob lows than 2600 miles, he 
hoadhindy and (ie atrotohing oaevow polita, together 
WIth (iitiniornble outlying islands, give to the whole 
oooh ont tho wappenunce of a feinged and: tassalled 
border ‘Min atviing Toate, whieh gived poeuliar 
Hudovodt in omiiny way ta the oust of Maine, is 
ohiolly Che vost of aw southward glacial movement, 
Whioh, colnetting with the (rend of the rocks prodiwod 
hy vw vomote weologioal upheaval, out these ford valleys 
fivoul into Chopea, the prolongation of theteedwes being 
warkod by taliwnids, vooth, and peatterad knobs of rook, 
In thaye daop baye and viver mouths, and behind these 
Outlyie dilindy, ate Ttneroud harbors, conventont, 
vali, nd capnuloua, and the poot is well within the 
dribh who wine ol hundrod-harbored Maine” There 
ano ho botbor harborw on the Atlantia const than those 
of Povthuid and Wisoasaet, hoe beaches and marshes 
ancl low pey alan common tn the weet are scarcely 
found oust of the Wenneboo river, beyond whieh the 
shove becomod more and more bold, maing in the pre 
oipilou clita and rounded: summit ob Mount Desert 
andl Quoddy Thoad tow height of (rom L000 to 1500 
foot, "Phe general lope of the land suarfice 
Hill (om an oxtrame alevation of 2000 foal 
on the woal, in the noiwhborhood of the 
Whito Motntiatna, to G00 feet on tho east, lwo prin 
Gipal Caiiage slopos alvetoh vespeatively southward 
and northward fom a vaterahed Which crossen the 
Biate ha wonoral oastorly and woaterly diveation, at a 
distance of about MO mies trom the count, While the 
Horbhwaed slope Tian extreme breadth of about 80 
Wilo The poner diveetion of the rivers, as deter 
mined by Chose alopos, idk wbout southesouthoast for the 
AOthOM Alope and novthenortheasé for the northern, 
Ti iy a notoworthy fet that the course of the pringipal 
rivord ia ab vieht anglow to the goneral trend of the 
vtmatitiod rook, Chrouwhout the large sootion where (hose 
wpooxhibitod, Mhe stuetieo be hilly and volling 
Yathor than mountainous, ‘The Appalachian 
Mune, Whieh besomos so prominentin the White Moun 
CAL @rOup pial wealward of the State, seome to have bro» 
ou iO: foroe Chore anc to have strewn only a few seattoved 
WOUNCA dinamo werom middle Maine and inte Now 
Beunwiok, ‘Those all have a poouliar aspoot, rising in 
conloal powks, hoavily wooded até the base and bare at 
(Hhowmonmit. "Pho moat noteworthy ia Mount Katahdin, 
With Wholwht of S886 foot (a Hetle lows than Mount 
Wooahington), and tn ita isolation and eratortike forma: 
ton (he ior vomarkablo mountain in New Wagland, 

No lakes of Maino, situated forthe moat part among 
thono MOUDLATN Peogiona, ave among iis ehar 
c AOLOPIALG “and Most attractive foatures, 
Moy nimbor move than 1S 70, with an aggregate area 
of YAOO square miles, about onedifboouth part of the 
entire avon of the Stato, "he lavgoxt is Moosehead 
Lake, 88 milos long by LO miles wide» but many others 
Of loss sido are more ploturosque, Thoir heleht above 
the soactovel ix noticeable, Rangely Lake, at the head 
of the Andvoscoggin river, is LOLL feet high, this alti. 
tudo boing very nearly that of Lake Ttasoa at the head 
of the Mississippi; Moosehead, on the Keonneboo 
Warton, Ia LORS foot in height, or nearly twoethirds as 
high again as Lake Superior at the source of the St, 
Lawrence; Chamberlain Lake, en the headwaters of 
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the St, John, 926 feet, and Chesuncook, on the Pe- 
nobscot, WOO feet high, are 400 or 500 feet aboye the 
lovel of Lake Winnepesaukee in New EHampshive, 
Mout of the laos of Maine lie within regions ap yeb une 
soblled, Whore nature's wild luxdriance and grandeur 
are MULL undisturbed by man, Mew similarly fabitable 
rowions possess lakes tm such numbers and of such size, 
virioly of #ituation, and beauty of aspect and sur 
ronndings. ‘hey are, moreover, nearly all connected 
with the river systems of the State, and constitute 
vist reservoirs for evaporation, Lrigation, and mechani- 
cal power, 

All the principal rivers rise at great elevations—the 
Saco at an altitude of [800 feet, the An- 
droscogein BO00, the Kennebee 2000, the 
Ponobscot 2600, the St, John 1980, The general 
(vainiage areas, however, fall off in height and increase 
in breadth in proportion as their location is easterly. 
The principal features of the water systems of Maine 
ave the great amount of fall, the control of steady 
volume by the storage capacity of the lakes, and the 
situation of the best fills in the lower sections of the 
rivers where the volume is largest, and in many in- 
abances at the hoad of tide-waters where vessels may 
come to their very feet, ‘he water-power of the State 
available for industrial purposes has been estimated by 
Walter Walla, in his ia report on that subject, 
to umount bo 1,220,200,000,000 cubic feet, with gross 
powor of 4427 horse for each foot of fall, making a total 
of 2,656,200 horsepower, 

Tho important geological features ave connected with 
the highly erystalline metamorphic condi- 


Rivera, 


tion of the strata, which ravely lie in hori- Geology 
vonvil position, bat are upturned, bent, — minerals, 


folded, and fractured,  Mossiliforous rocks 

ooo only in limited localities in the interior, In 
various places veins of silver-bearing galena and of 
woppor ave exposed, Granite of overy variety and 
quality abounds in veing and in eruptive masses, The 
western portion of the State is largely granitic in its 
foativos, and a belt of the same rocks extends along 
the ontire seacoast, ‘here are also beautiful varieties 
of syonite, In many places the granite is very coarse, 
so that the constituents can be separated, and each 
utilized for industrial purposes, The folapar, quartz, 
andinica often lie in large contiguous veins, Valuable 
boda of crystalline Himestone are found in many places 
along the coast, and in the Aroostook region, Argil- 
Jacoous slates as well as limestone oceuwr in the interior 
andin the north, On the Piscataquis, a tributary of 
the Penobscot, the slate is suitable for writing-slates 
and ponoils, blackboardsy, and tables, while large quan- 
tities of roofing slate ave found throughout the whole 
rowion between the Kennebec and Penobscot. There 
avo also some beds of marble well suited. for building 
yurposos, Some surfivee iron is found, especially in one 
taaalie in the interior known as the Katahdin iron. 
works, whore the von is remarkably pure owing to its 
froodom from sulphur and phosphorus, A bed of 
haomatite in found in Aroostook county, 

Tho soil is mostly of glacial origin, derived largely 
from boulders and a mixture of rocks transported from. 
various and often distant localities. his ditt is spread 
overywhere over the surface, Along the lake-beds and 
rivers ave some alluvial soils and old flosde plana De- 

yosity of Quaternary marine clays occur along the south 
Bander rising to the height of 200 feet above the sea, 
Thoxo clays were deposited during the Champlain 
epoch, aba time whon the temperature of the water 
was much lower (han at present, as is indicated by the 
fossil romeing which abound in them, In the lower 
strata those romans of life are of the same species as 
ave now found living in the Avetic seas, Skeletons of 
the walrus have boon found in Portland and elsewhere, 
Li the upper strata the romains of life indicate the same 
spocios as now exist on the coast,  Tsolated forms of 
‘Tite not elsewhere found north of Massachusetts occur 
‘in the north part of Quohaug Bay (northeast of Caseo 
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Bay), composed of various species which seem to be a 
remnant of former life on this coast. A family of liv- 
ing oysters is still found among the debris of giant pro- 
enitors in the Damariscotta river, east of the Kenne- 
ec; and remains of the oyster, quohaug, and scallop 
are abundant in the numerous and extensive shell-heaps 
found all along the coast. 

In generat it may be said that animal life in this 
State shows a mixture of northern and 
southern forms, and but little that is pecu- 
liar as compared with surrounding regions. ‘I'he moose, 
caribou, and deer, still roam in the yast forests in the 
north, The bear, wolf, catamount, wolverene, wild 
cat, fox, beaver, raccoon, marten, sable, woodchuck, 
rabbit, and squirrel keep at a due. distance from man, 
and go still exist. Seals are found in many of the 
bays. Wild geese and ducks and other sea fowl fre- 
quent the lakes and bays in the migratory season, and 
eagles, ospreys, gulls, hawks, kingtishers, owls, plover, 
woodcock, partridges, pigeons, quails, blackbirds, 
robins, orioles, bobolinks, bluebirds, swallows and 
sparrows in all variety, yellow birds, and humming 
birds are cominon, ‘he inland waters teem with fish 
of various kinds—pickerel, togue, and bream, and, 
chief of all, the trout, whose beauty and size attract 
numbers of sportsmen ; while in the rivers the sturgeon, 
bass, and “i are still plentiful. Game laws pro- 
tect several species of the fish, birds, and other animals. 
Along the coast the clam, mussel, and lobster are abun- 
dant, and in some places the horseshoe crab is found, 
Of shore-fish the cunner, flounder, rock-cod, and scul- 

in are most common, while off-shore cod, haddock 

ake, herring, pollack, menhaden, porgy, and mackerel 
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abound. The blackfish and porpoise are not wncom- 
mon. Gigantic cuttle-fishes, measuring 40 feet and 


upwards in the long tentacles, and thus not inaptly 
termed sea-serpents, have sometimes been seen in these 
waters. 
The forests of Maine consist chiefly of pine, spruce, 
hemlock, and fir, although some oak is 
found along the coast, and other hard-wood 
growth in the highlands of the Aroostook. The white 
cedar is common, especially in the low lands in the 
east and northeast. he hackmatack or black larch 
appears in the same localities. White and red oak, 
rock (or sugar) maple, white maple, white and yellow 
birch, white and brown ash, beech, cherry, basswood 
linden), and poplar are the common deciduous trees. 
hestnut and walnut are rare, and ave found only near 
the southwest border. he majestic mast pine—the 
heraldic emblem of Maine, which has given it the 
sobriquet the ‘‘Pine-T'ree State’’—is fast receding 
‘Opaiie before the demands of commerce. Of fruit 
’ 4 Pf may 
trees the chief is the apple. The plum, 
cherry, and pear are also natural. ‘I'he peach thrives 
only in the southwest border. Species of grape, goose- 
berry, and currant are native, and others are cultiva- 
ted with advantage. ‘he blackberry, raspberry, and 
strawberry grow wild in profusion throughout the 
State, . . 
The pre of oS while Oe the whole att 
than might be expected from its mean lati- 
Climate, tude of 45° N oh pei be considered severe 
or unfavorable to health. The summer heats are 
tempered by the sea and the cool north winds. ‘The 
winter cold has a constancy which makes it less 
severely felt than the changing temperature of more 
southern places, The air is also more dry and pure 
owing to the snow surface. ‘The average winter tem- 
erature is about 20°, and remains pretty steadily 
oe. the freezing-point throughout, the State for at 
least three months. By reason of the tides and the 
prevailing off-shore winds, which break up and drive 
off the ice, many of the harbors are unobstructed the 
winter through. ‘The summers are short, giving some- 
thing less than five months between frosts, even in 
the southern portion, but the heat sometimes rises for 
a few days to 100° Wahr. The average summer heat 
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‘is 62.5° ahr. he lakes and forests of Maine attract 
great numbers of summer tourists, and the sea-coust 
is fast becoming lined with the cottages of summer 
residents from all parts of the country, 

The soil is well-drained, and the surface swept by 
sea breezes and winds from the forests and 
mountains of the northwest, which tend to 
banish malarious disease, The principal form of diss 
case is phthisis or disease of the respiratory organs, 
the ratio of deaths therefrom being a little over 27 per 
cent, of the entire mortality. ‘This has been called the 
“scourge of New Mngland’’; but in Old Mngland the 
death-rate from this class of diseases is only a fraction 
less—26.6 per cent. 


Hoalth, 


The old United States district court for Maine, consti. 
tuted in 1779, remains; and Maine, New Hamp. 
shire, Massachusetts, and Rhode Island con- 
stitute the first distriet of the United States 
cireuit court. The officers of these courts are a judge, 
district attorney, marshal, clevk, and reporter, Maine in 
also a district for the collection of United States internal 
revenue, ‘There are sevon United States forts in Maine, 
only one of which, Port Preble, Portland, is fully gi 
risoned; and the United States navy yard, often called 
Portsmouth navy yard, is in Kittery, Maine, 

Maine has two senators and four representatives in Con« 
gress, and six voles in the electoral colloge for choosing the 
president, ‘The government of Maine vests on a constitu. 
tion adopted in 1820, which closely resenblow that of the 
other New England States, It is most liberal in vespeet to 
suffrage, every male citizen twenty-one years of aye and 
upwards resident in the State for threo months, except 
paupers, persons under guardianship, and Jidians not 
taxed, being allowed to yote, The governor and legisla. 
ture wre chosen every two years, and the legislative sos. 
sions are also biennial, A council chosen by the legislature 
on joint ballot advises and assists the governor in the 
appointment of State officers, management of State institu. 
tions and Jands, granting pardons, and other duties with 
which they may be charged by the legislature, The 
judiciary consists of a supreme court of eight members ab 
a salary of $4000, with w reporter of decisions, appointed 
by the governor and council for soyen years; the superior 
courts for Cumberland and Kennehee countios, whose 
judges are appointed in the same way; as also trial jus 
tices for the several counties with jurisdiction In minor 
cases; justices of the peace for the county, who are author 
ized to solemnize marriage, with other preseribed dublons 
and municipal and police judges, Wach county elects 
judges of probate and insolvency, and registers of the 
same, a county altorney, clerk of court, sheriff, and county 
commissioners, 

The enrolled militia numbers 97,320, The present system 
keeps up an Glite corps consisting of two regi« MUIIt 

; Ros fi, 
ments of volunteer infantry and one battery 
of light artillery, with two regiments of veserve Infantry, 
Much pains is taken in the discipline and character of this 
small corps, and inembership in it is regarded as honorable, 
The entire State militia is by existing orders constituted 
into one division under the command of a wajoryeneral 
who is elected by concurrent ballot of the two houses of 
the legislature, 

Various reformatory, sanitary, and benevolent inebitue 
tions are supported wholly or in part by the 
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State, The State prison, with an average of eee 
one hundred and forty-six convicts, is man henavon 
aged on the “hard labor” and the “silent” lent 
system, at an annual expense of $30,000, which inl 


in some years is cancelled by the procecds of 
the convicts’ labor, chiefly employed in carriage and hare 
ness making. 

The hospital for the insane is an extensive cstablish« 
ment, with upwards of four hundred inmates and an 
increasing demand for more accommodation, The annual 
appropriation for State beneficiaries here is $40,000, An 
annual appropriation ($14,000) is made for the education 
of the deaf and dumb and the blind, and also ($1200) for 
the care of idiotic and feeble-minded persons in iietibue 
tions out of the State, 

The remnants of two tribes of Indians still exist in 
Maine, with which the State is in public reli- 
tions, the Penobscots, numbering aboub mix 
hundred, and the Passamaquoddies, numbering five hune 
dred, The former have their chief gathering place on the 
islands in the Penobscot river, and the latter on the shores 
of Passamaquoddy Bay and the St, Croix river, hough 
classed usually as civilized, they are still virtually In tribal 
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relations. Their status is determined by.a series of treaties 
from early times, which are a curious mixture of notions 
of international rights and of wardship. 

The public policy which has culminated in the well- 
known prohibitory “Maine Law” began with 


teuee Taw the e Act to restrict the sale of intoxicating 
liquors,” passed in August, 1846. This was 
followed in 1851 by an “Act for the suppression of 


drinking-houses and tippling-shops,” and by thirty-nine 
other statutes directed against liquor selling, drunkenness, 
and the habit of drinking in the community. The man- 
ulacture for sale of any intoxicating liquors, except cider, 
is forbidden. The sale of such liquor by the manufac- 
turer is punished by imprisonment for two months and 
a fine of $100. Unadulterated cider in quantities of five 
gallons and upwards may lawfully be sold. No person is 
allowed to sell any intoxicating liquors, including wine, 
ale, porter, strong beer, lager beer, and all other malt 
liquors, also cider for tippling purposes, on a penalty for 
a first offence of $30 and costs, or imprisonment for thirty 
days; for a second offence $20 and costs and imprisonment 
for thirty days; third offence $20 and costs and imprison- 
ment for ninety days. A common seller on conviction is 
punished for a first offence by fine of $100 and costs, or 
imprisonment for three months; for a second and subse- 
quent offences $200 and costs, and four months’ imprison- 
ment. A person convicted of keeping a drinking-house 
or tippling-shop is punished by fine of $100 and costs, or 
imprisonment for three months, for a first offence, and the 
same with six months’ additional imprisonment for every 
subsequent conviction. Any one injured in person, prop- 
erty, means of support, or otherwise by an intoxicated 
person may bring an action for damages against the person 
who sold the liquor; and the owner or lessee of the build- 
ing where it was sold is jointly liable if cognizant of such 
use. Any person convicted of being intoxicated in the 
streets or in any house, or of disturbing the public peace or 
that of his own or any family, is punished by a fine of $10, 
or thirty days’ imprisonment, and for the second offence 
$20 or ninety days. All intoxicating liquors kept for sale 
and the vessels containing them are contraband, and for- 
feited to the town where seized, and are there to be de- 
stroyed. To provide for the necessary sale of such liquors 
a State commissioner is appointed by the governor and coun- 
cil to furnish to the municipal officers of towns pure, un- 
adulterated intoxicating liquors to be sold for medicinal, 
mechanical, and manufacturing purposes. He is put under 
$10,000 bond, and is allowed 7 per cent. commission on his 
sales. Municipal officers may purchase what they deem 
necessary of such liquors, and appoint an agent to sell them 
for such purposes as have been named, and no other. This 
agent is forbidden to sell to any minor, soldier, Indian, or 
intoxicated person, or to any person of whose intemperate 
habits he has been notified by such person’s relations or by 
the municipal officers. It is made the special duty of 
sheriffs and county attorneys to enforce the provisions of 
the laws relating to the sale of intoxicating liquors. 

The history of this legislation is that of laws generally 
which are enacted rather from the high moral ends which 
they propose than from the sincere and settled judgment 
of the legislators, and which do not represent the average 
moral sentiment actually prevailing among the people in 
whose name they are enacted and are to be enforced. It 
was inevitable that towards an issue like this political 
parties should take an attitude not always sincere. The 
Maine law has not entirely suppressed drunkenness, or 
even liquor selling, but it has had a decided influence in 
that direction. It has also tended to make drinking dis- 
graceful, and has removed much temptation from young 
men. The people would be reluctant to abolish it until 
they could see something better to put in its place. 

The population of Maine has not increased at an equal 
ratio with the other States of the Union, as 
will be observed from the subjoined table. 
There is a constant emigration from the State of native- 
born people to other parts of the country, which is only 
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about half made up for by immigration from the adjoin- 
ing provinces and the Old World. 

In 1880 the number of native-born was 590,053, and of 
foreign-born 58,883. 

The following cities had in 1880 a population of 5000 
and upwards:—Portland, Lewiston, Bangor, Biddeford, 
Auburn, Augusta, Bath, Rockland, Saco, Calais, Brunswick, 
Belfast, Ellsworth. 

Divorces in Maine reach the highest ratio to the mar- 
riages, or to the population, of any State of 
which statistics are reported. The privilege 
of a jury trial favors the plaintiffs, and it is not easy to 
find a jury who will withhold a verdict for divorce. 

The birth-rate of the native or oldest and typical families 
of Maine has greatly fallen off, and the number pj ninishea 
of children of school age is diminishing, not ~ pirth-rate. 
only proportionately to the population but in 
positive numbers, the diminution for the last eleven years 
being 14,200. 

The latest reports as to the religious societies of Maine 
show that there are 242 Congregationalist 
churches, with a membership of 21,340; 261 
Baptist churches, membership 20,954; Metho- 
dist 228, membership 20,774; Freewill Baptist 286, and 
membership 15,822; Christian 60, membership 6000; Uni- 
versalist 41, membership 4500; Unitarian 21, membership 
(estimated) 2500; Episcopal 52, membership 2115; New 
Jerusalem 5, membership 341; others 9500;—total Prot- 
estant membership 103,846. There are 42 Roman Catholi¢ 
churches, with a membership of 40,000. The tendency 
seems to be a decrease of the Congregationalists, and 
a corresponding increase of the Free Baptists and Metho- 
dists. 

Common school education in the State is widespread. In 
the number of citizens able to read and write 
it stands in the very front rank of States. In- 
struction in the public schools is not under eccle- 
siastical control, and it is free to all between the ages 
of four and twenty-one and compulsory upon all between 
the ages of nine and fifteen years for twelve weeks each 
year. Every city and town is required to raise and expend 
annually for schools not less than 80 cents for each inhabi- 
tant. The State meets this on its > part by distributing, in 
proportion to the number of children of school age in each 
town, the income of a permanent school fund ($44,275,791), 
and by a State tax of 1 mill per dollar of valuation on the 
property in the State, and a tax of one per cent.on the 
average annual deposits in savings banks. The average 
cost of supporting the public schools is $1,240,000 a year. 
In the larger towns the schools are graded into primary, 
intermediate, and grammar schools. A system of free 
high schools was established in 1878, for which the State 
contributes a sum equal to that paid by the town, not ex- 
ceeding $250. The whole sum appropriated in 1881 was 
$26,000. There are three normal schools, intended for the 
training of teachers in the common schools. For these 
tuition is free, and the annual appropriation required is 
$19,000. The State college of agriculture and mechanic 
arts may in some respects be considered the culmination 
of the public school system. A large farm and various 
workshops are here provided, and every facility afforded 
at the least possible expense for a good education, chiefly 
directed to the industrial arts, but still liberal in scope. 
There are three colleges, with the usual course of study 
leading tothe degrees of bachelor and master of arts :— 
Bowdoin, founded by the old State of Massachusetts in 
1794, and since liberally endowed by private benefactions, 
from which Hawthorne and Longfellow graduated ; Colby 
University, founded as Waterville College in 1820, and 
under the control of the Baptist denomination; and Bates 
College, founded in 1863, in the interest of the Free Baptist 
denomination, with a fitting school and a theological semi- 
nary attached. The theological seminary at Bangor, under 
the care of the Congregationalists, is open to all denomina- 
tions, and attracts many students from the adjacent proy- 
inces of Canada. The medical department of Bowdoin 
College is known as the medical school of Maine. It has 
an annual attendance of more than 100, and has graduated 
1300. There are various societies which are of a nature 
to afford instruction. The Maine Historical Society is 
making interesting investigations, and preserving memo- 
rials and records of historical matters, and its publications 
are of much yalue. 

The bonded debt of the State is 5.800 which ma- 
tures on or before 1889. Deducting the sink- 
ing fund of $1,436,367, the actual balance of *UHe debe 
indebtedness is now (1882) $4,365,533. The local and 
municipal debt for all purposes, including aid to railroads, 
is $17,722,109. 

The total settled area of Maine is 17,900 square miles, of 
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which 6000 have a population of 2 to 6 to the square mile, 
8500 have 6 to 18, 5600 have 18 to 45, and 2800 have 43 to 
90. Agriculture is still the most extensive 


pene}: occupation, engaging 83,000 of the people. 
There are 64,310 farms, with 1,864,136 acres of 
tillage. Of these 61,530 farms are occupied by their own- 


ers ; 24,640 contain over 100 acres each, and nearly as many 
between 50 and 100 acres. The chief farm products are 
annually :—potatoes, 8,000,000 bushels ; hay, 1,200,000 tons; 
butter, 14,103,960 tb; cheese, 1,167,770 lb; oats, 2,265,575 
bushels; maize, 960,633 bushels; wheat, 665,714 bushels; 
buckwheat, 382,701 bushels; barley, 242,185 bushels; rye, 
26,398 bushels; wool, 2,776,404 tb; milk sold, 3,720,783 
gallons. 


The remaining unsettled area is mostly unbroken forest. 


At present this region only furnishes material 
for lumbering. The pine has been cut back to 
the headwaters of the rivers, and the chief 
material is spruce and hemlock, with some cedar. The 
principal shipping port is Bangor on the Penobscot, where 
the amount surveyed has been 200,000,000 feet a year, 

In fisheries the State stands second in the Union. There 
are 12,662 persons directly employed in fish- 
eries, but it is estimated that 48,000 people are 
dependent chiefly on this business. The sea fish taken 
are cod, hake, haddock, pollack, herring, mackerel, 
and halibut. The amount taken is 206,778,693 Ib an- 
nually. There are establishments for preparing oil from 
the menhaden, etc., where 168,732 gallons a year are pro- 
duced. The canning of fish is a considerable industry; 
and in the lobster canning business this State has a 
monopoly, The catch in 1879 was for Maine 14,234,182 tb, 
and that bought of British fishermen 10,588,578 lb. In the 
home establishments 1,830,200 cans were put up, and in 
those worked in the British Provinces on account of Maine 
owners 2,198,024 cans. A recent but rapidly growing inter- 
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_est is that of sardine canning, chiefly carried on at East- 


port. In 1880 there were 1328 persons employed in this 
industry, with an annual product of 7,550,868 cans and 
8365 barrels. The river fish chiefly taken are salmon, shad, 
alewives, and smelts. Much interest is taken in restocking 
the lower rivers, especially with salmon, shad, and bass. 
The Penobscot is the only river on the Atlantic coast of 
the United States from which a supply of sea-salmon eggs 
can be obtained for propagation. An association of the 
United States with the States of Maine, New Hampshire, 
Massachusetts, and Connecticut appoints agents for pro- 
curing these eggs, which are distributed in proportion to 
the respective contribution of funds. The great hatchery 
is at Orland, where also there is one for the eggs of the 
Jand-locked salmon; there is another at Grand Lake 
Stream, owned by the same association. The black bass 
and alewives have also been distributed in the lower ponds 
and streams. 

The other native products are lime, quarried stone,— 
Diners both for building and for monumental pur- 
dustries. poses—slate, iron and copper. Ice is cut and 

shipped to various parts of the world, to the 
amount annually of 350,000 tons, and the value, when ready 
for transportation, of $600,000. Maine was long distin- 
guished for her ship-building; and, though of late years 
this industry has greatly fallen off, yet in the building of 
wooden ships the State probably holds her old rank. The 
shipping owned in Maine is mostly engaged in foreign 
commerce, or in coasting to and from distant States. 
There are 12,000 sailors in this service. There are 
1022 miles of railroad in Maine. Of manufactories there 
are 24 cotton-mills, running 696,564 spindles, and employ- 
ing 11,844 persons, of whom 7010 are women; and 97 wool- 
len-mills of all kinds, employing 3265 persons, of whom 
1160 are women. ‘The other chief industries are flouring 
mills, leather tanneries, boot and shoe making, paper mak- 
ing, and iron working of various kinds. 

The shores of what is now sometimes called the Gulf of 
History Maine, whose waters stretch between Cape 

feaaai Sable and Cape Cod, attracted much attention 
from the early voyagers and explorers, as many glow- 
ing accounts remain to testify. The Cabots under 
English auspices, visited this region in 1497; Verra- 
zano, representing the French, in 1524; Gomez in the name 
of Spain in 1525, giving his name to Penobscot river and 
bay. In 1526 the Frenchman Thevet followed ; he states that 
before that time the French had a fort 30 miles up the river, 
named Norumbega. The enterprise of Sir Walter Raleigh 
and Sir Humphrey Gilbert first reveals a purpose on the part 
of Englishmen to colonize these shores. Gosnold (1602), 
Pring (1603), and, Weymouth (1605) had made some 
explorations, but a century had passed and _ no 
European power had gained a foothold on the Atlan- 
tic coast north of Florida, But in 1603 Henry IV. of 
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France granted a charter to De Monts, a Protestant gentle- 
man of his household, of all North America between 40° 
and 46° N, lat. In 1604 De Monts established asettlement 
on what is now Neutral Island, in the St. Croix river. In 
1605 James I. of England granted to some English gentle- 
men all the territory between 34° and 45° N. lat. The por- 
tion between 40° and 45° was thus the subject of a double 
grant, to parties naturally antagonistic. The latter par- 
allel, striking nearly at the mouth of the St. Croix, in- 
cludes almost all the southern half of Maine, and brought 
what was practically at that time the whole of Maine to be 
the theatre of the disputed jurisdiction. The French did 
not indeed claim further west than the Kennebec river, 
the limit of their actual occupation; but the English en- 
deavored by sporadic and violent sallies to hold, if not by 
occupation at least by desolation, to the St. Croix river, the 
extreme northeast boundary of theirclaim. The Indians, 
already exasperated by the wrongs received from roving 
English shipmasters and traders, were easily persuaded to 
make alliance with the French, and this double frontier 
was a scene of strife for the space of one hundred years. 
The English with much earnestness of purpose proceeded 
to plant a colony in 1607, under the guidance of George 
Popham, brother of the chief justice of England, and Cap- 
tain Gilbert Raleigh, whose name indicates his lineage and 
spirit. This colony they planted with solemn ceremonies 
on a point at the mouth of the Kennebec. The little town 
rose rapidly, with its fort and its church in due order. 
They also built a vessel, the ‘ Virginia of Sagadahock,” 
the first vessel built by Europeans in America. The colony 
grew discouraged by their winter experiences, and the next 
year broke up, most of the colonists returning to England. 
It appears, however, that they did not utterly forsake their 
object, for scattered settlements still remained and increased 
about the Point and Bay of Pemaquid and the island of 
Monhegan, midway between the Kennebec and Penobscot. 
This region became a centre of trade and a base of opera- 
tions, being the headquarters of the famous Captain John 
Smith, where he built a fleet of boats in 1614, and explored 
the adjacent coast, which be named New England. In 1620 
anew impulse found expression in the great charter of 
New England, given to Sir Ferdinando Gorges and others, 
who proceeded to lay out their plans ona large scale. Two 
years afterwards a patent under this charter conveyed to 
Gorges and Captain John Mason the country between the 
Merrimac and Kennebec and 60 miles inland, which they 
proposed to call the province of Maine. In 1629 they di- 
vided their possession, Gorges taking the portion between 
the Piseataqua and the Kennebec. 

The great council of New England surrendered their 
charter in 1635, and in the division of its territory Gorges 
retained his portion previously granted, while the region 
between the Kennebec and the St. Croix and the St. Law- 
rence rivers, though still claimed by the French as part of 
Acadia, was given to Sir William Alexander, earl of Stir- 
ling, and this was to be called the county of Canada. 
Gorges named his tract the county of New Somersetshire, 
and immediately commenced the administration of govern- 
ment, setting up a court at Saco (1636) under the direction 
of his kinsman, William Gorges. In 1639 he obtained 
from Charles I. a new and extraordinary charter, confirm- 
ing to him his province of Maine under that name, and 
under the feudal tenure of a county palatine, Gorges, as 
lord palatine, being invested with vice-regal powers. In 
1641 he established a capital and court at Gorgeiana (now 
York), the first chartered city in America. But it was no 
easy task to administer government or hold a jurisdiction 
in his palatinate. The great council of New England, be- 
fore breaking up, had granted not less than nine patents, 
conveying territory already included in Gorges’s thrice- 
granted jurisdiction, to various parties, who had made vig- 
orous beginnings to improve their holdings and confirm 
their claims. In like manner the council had made two 
important grants within the jurisdiction of Sir William 
Alexander, so that difficulties arose in that quarter also. 
In this confusion of jurisdiction Massachusetts, under a 
new construction of the extent of her chartered rights, laid 
claim to a line which included nearly all the settled portion 
of Gorges’s territory, and by a further extension she claimed 
the coast as far east as Penobscot Bay. This latter she 
named the county of Devonshire, and set up a court at 
Pemaquid (1674). This latter territory had been conveyed 
by the: earl of Stirling to the duke of York, afterwards 
James II. of England. This was organized by James as 
the county of Cornwall, and was afterwards represented in 
the general assembly in New York (1683). In 1677, how- 
ever, the claim of Massachusetts in Maine being contested 
and decided adversely to her, she took the occasion to buy 
of the heirs of Sir Ferdinando Gorges all his right, title, and 
interest in Maine for £1250. Matters were still more com- 
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plicated by the persistent efforts ofthe Dutch to gain pos- 
session of the east coast, who had now (1676) effected a 
lodgment on the shores of Penobscot Bay ; but they were 
finally driven off, The troubled state of things in England 
prevented Massachusetts from profiting very much by her 
purchase in Maine, and at last the new charter of William 
and Mary (1691) merged all the provinces of Plymouth, 
Massachusetts, Maine, Sagadahock, and Acadian under one 
title and jurisdiction, “the Province of Massachusetts Bay.” 

That part of Acadia east of the St, Croix was five yenrs 
afterwards ceded back to the Crown, Thus Maine, with 
the St. Croix for its eastern boundary, became an integral 
part of the Province, afterwards the State of Massachusetts 
Bay. From that time for over one hundred yenrs the his- 
tory of Maine is merged in that of Massachusetts, Although 
its people were not of the religious or political faith of the 
Puritan colony, and for that reason had been shut out of 
the famous New Ingland confederacy of 1643, yet they 
were true Englishmen, and stood manfully for the cormmon 
cause. Not only was Maine an exposed frontier and battle. 
ground, during the long struggle of the English against the 
Indians and the French, but its citizens bore a conspicuous 
part in the expeditions beyond its borders, ‘Two of these 
were commanded and largely manned by men of Maine, 
Port Royal was taken by Sir William Phippsand Louisburg 
by Sir William Pepperell, In fact these expeditions were 
such a drain on Maine population that Massachusetts was 
called upon to send men to garrison the little forts that pro- 
tected the homes left defenceless by the men who had pone 
to the front. The great losses and destruction of these wars 
kept this portion of the province back from its natural ine 
crease, 

In the stand made for the rights of Englishmen, which 
led to revolution and independence, Maine was behind 
none. ‘Two years before the battles of Lexington and Con- 
cord its towns had offered themselves “as a sacrifice if need 
be to the glorious cause of liberty.’ Some, it is true, were 
deep-rooted in sympathy with the mother country, and these 
retired eastward, first beyond the Penobscot and afterwards 
beyond the St. Croix, This war made Maine again an out- 
post and frontier. That same picturesque and command. 
ing promontory of Castine in Penobscot Bay, which had 
been once the most eastern post held by the Pilgrims of 
Plymouth and afterwards the western advanced post of the 
French in Acadia, was now the stronghold of the English 
in this region, as against the Americans, Early in the war 
(1775) the chief town, Falmouth (now Portland), was bom- 
barded and nearly destroyed, Some patriots the same year 
attacked a king’s ship off Machias, and after w desperate 
struggle the British flag was struck to Americans for the 
first time on sea or land, Maine was fully and honorably 
represented in the war by a division of the Massachusetts 
line. It had also representatives in Congress, and some 
eminent officers and patriots of the Revolution resided with- 
in its borders. In fact, to all intents and purposes except 
in name, Maine was oneof the original States of the Union, 

At the close of the war, the old spirit of independent per- 
sonality and self-government made a forcible expression, 
The people sought to be separated from Massachusetts, and 
tomake their laws and their history in their own name, 
There were two parties, however, and the troubles which 
agitated the whole country at that time, postponed action 
on this issue, and Maine continued almost forty years longer 
an integral part of Massachusetts, but was ab no time a de- 
pendent province of that State, Atthe conclusion of peace 
there was a large immigration into Maine, chiefly of soldiers 
of the Revolution, who strengthened the already vigorous 
character of the people. Everything prospered until the 
Embargo Act of 1808, cutting off commerce and the coast 
trade, struck Maine ina vital point, Its shipping at this 
time amounted to 150,000 tons, its exports to a million dol- 
lars a year, The war with England, which soon followed, 
almost destroyed these interests, Other industries, how- 
ever, were stimulated. Manufaetories of woollen, cotton, 
glass, of iron and other metals were set on foot, only to be 
ruined by the influx of British goods which followed the 
new peace, It was a discouraging time, and one or two 
unusually severe winters threatened the only industries 
which the war and peace had spared, while in 1815-16 not 
Jess than 15,000 people emigrated to Ohio, In 1820 Maine 
was recognized as a separate State of the Union, [ts popu- 
lation was then about 300,000, and its chief industries, 
agriculture, lumbering, and shipbuilding, were in a pros- 
perous course. Its encouragement of manufactures was 
slow. A prejudice against great corporations long kept 
Maine from entering largely at the auspicious time into 
those industrial enterprises which have built up neighbor- 
ing States. It is only within recent years that the State 
has begun to take proper advantage of its unsurpassed facili- 
ties for manufacturing. The difficulties about the north. 
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eastern boundary had inereased with each year sinee the 
| broaty in 1783, Greab Britain lad gradually obtained pos- 
session of considerable territory within the fine claimed by 
the States under the treaty, and after the wax of 1612 laid 
claim to territory whieh had Jong been under the actual 
jurisdiction of Massachusetts, The question assumed na- 
tional and international importance, The Government of the 
United States, apparently desirous of gratifying Great Bri- 
tain, offered Maine 1,200,000 acres of land in Michigan to yield 
ity clalin, bub the proposition only roused indignant protest 
in the State, which culminated in the sending of w military 
force to defend its territory, Finally, however, considera. 
tions of w national policy urged at Washington induced 
Maine to acquiesce in iw treaty, which took away a large 
aren additional to that already silently yielded, amounting 
in all fo 5500 square miles,-an area greater by 600 square 
miles than the State of Connecticut, and by 1680 square 
miles than the States of Rhode Island and Delaware com. 
bined, 

In the war against secession the service of the State was 
prompt and efficient, Maine sent to the front 72,000 men, 
of whom not less than 20,000 gave their lives for the cause, 
These volunteers were distributed in thirty-two regiments 
of infantry, bwo regiments of cavalry, one regiment of ar- 
(illery, one battalion of sharpshooters, and 6764 enlistments 
in the navy, The whole amount of State and municipal 
debt incurred in raising and equipping these troops was 
about $12,000,000, The United States afterwards at ry 
the State to the amount of $668,284, most of whieh was 
applied to form a sinking fund for extinguishing the war 
debt ab maturity, The State also provided pensions for its 
disabled soldiers and their families. (Fe TO)) 


MAINE DE BIRAN, Francors-Pronre-Gon- 
THIER (1766-1824), a distinguished philosopher of 
I’rance, the son of a physician, was born at Bergerac, 
November 29, 1766. After studying with distinction 
under the doctrinaires of Perigueux, he entered the 
life-euards of Louis XVI., and was present at Ver- 
sailles on the notable 5th and 6th of October, 1789. 
On the breaking up of the garde du corps, Maine de 
Biran retired to his patrimonial inheritance of Grate- 
loup, near Bergerac, where his sequestered residence 
re limited income preserved him from the horrors of 
the Revolution, It was at this period that, as he says 
himself, he ‘passed per saltum from frivolity to phi- 
losophy.’’ The forced leisure of this fearful time de- 
cided the vocation of his life, Ile combined, in amore 
than ordinary degree, subtle sensitiveness to external 
influences with singular acuteness in surveying and 
analyzing internal phenomena, ‘he modes of the mind 
and their organic causes or conditions were alike sub- 
mitted to his serutiny. He began his philosophical 
studios with psychology, and he made psychology the 
study of his life. When the Reign of Terror was 
sueceeded by calmer days, Maine de Biran was called 
to take part in the administrative and political affairs 
of his country. After his exclusion from the couneil 
of the Five Hundred on being suspected of royalism, 
he took part with his friend Laing in the commission 
of 1818, which gave expression for the first time to 
direct: opposition to the will of the emperor, After 
the Restoration he held the office of treasurer to the 
chamber of deputies, and habitually retired during the 
autumn recess to his native district to pursue his fae 
vorite study, Ie died 16th July, 1824. 


Maine de Biran’s philosophical reputation has suffered 
from two causes=the obscure, labored quality of his style, 
and the unfortunate mode of publication of his writings. 
In all his work there is evidence of thorough originality 
of thinking, but in the expression of his thoughts this very 
oviginality is so fara disadvantage in that it imposes on 
him a mode of exposition little caleulated to attract and 
retain the attention of areador, During his life, moreover, 
but few, and these the least characteristic of his works, 
wore formally published, An essay on habit (Sur ’Difluence 
de U Habitude, 1803), w critical review of Laromiguidre’s 
loctures (1817), and the philosophical portion of the article 
Leibnitz in the Biographie Universelle AS1)) appeared durin 
his lifetime, A long memoir on the analysis of thought 
(Sur la Décomposition dela Pensée), crowned by the Institute 
in 1805, was sent to prosa, but, for some reason, was not 
finally printed, THis manuscripts, vory large in quantiby, 
were nob made accessible in their entirety to Cousin when 
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that writer desired to prepare a collective edition of De 
Biran’s works. {n 1834 the writings above onumerated, to- 
gether with the important essay entitled Nouvelles consider- 
ations sur les rapports du physique et du moral de Vhomme, were 
published by Cousin, and in 13841 there were added three 
volumes by the sume editor, under the tithe Guvres philo- 
sopliques de Maine de Biran. ‘The manuscripts from which 
Cousin had prepared this edition were, however, in a most 
imperfect condition, and it was known that some memoirs 
to which De Biran attached the greatest importance were 
still in obscurity. In 1845 a large mass of manuseript was 
placed by De Biran’s son in the hands of F, M. I. Naville. 
The lubor of preparing these for publication, interrupted 
by the death of Naville in 1846, was continued by his son, 
E. Naville, and completed, with the aid of M. Debrit, in 
1859. The Gfwores inédites de M. de Biran, 3 yols., rendered 
it possible for the first time to obtain a connected view of a 
very remarkable monument of philosophical development. 
In these volumes the most important work is that entitled 
Lissat sur les fondements de la psychologie et sur ses rapports avec 
Vétude de la nature, which represents the completest stage 
of De Biran’s thinking. <A later stage is represented by the 
fragments of a projected work entitled Nouveaux Lssaia 
@ Anthropologie, in which the psychology of the earlier 
treatise is developed in the direction of a somewhat mys- 
tical metaphysiec. 

De Biran’s first esshys in philosophy were written ayow- 
edly from the point of view of Locke and Condillac, but 
even in them he was brought to signalize the essential fact 
on which his later speculation turns. Dealing with the 
formation of habits, he is compelled to note that passive 
impressions, however transformed, do not furnish a complete 
or adequate explanation, With Laromiguidre he distin- 
guishes attention as an active effort, of no less importance 
than the passive receptivity of sense, and with Butlor dis- 
tinguishes passively formed customs from active habits, 
Prolonged meditation, evidenced in the occasional writings, 
prize essuys, and the like of the subsequent years, brought 
him to the far-reaching conclusion that Condillac’s notion 
of passive receptivity as the one source of conscious experi- 
ence was not only an error in fact but au error of method, 
in short, that the mechanical mode of viewing conscious- 
ness as formed by external influence was fallacious and 
deceptive, For it he proposed to substitute the genetic 
method, whereby human conscious experience might be 
exhibited as growing or developing from its essential basis 
in connection with external conditions. The essential basis 
he finds in the real consciousness of self as an active striv- 
ing power, and the stages of its development, corresponding 
to what one may call the relative importance of the ex- 
ternal conditions and the reflective clearness of self-con- 
sciousness, hedesiguates asthe affective, the perceptive, and 
the reflective. These stages are characterized with much 
skill and psychological acuteness, and in connection there- 
with De Biran treats most of the obscure problems whieh 
arise in dealing with conscious experience, such as the 
mode by which the organism is cognized, the mode by 
which the organism is distinguished from extra-organic 
thinys, and the nature of those general ideas by which the 
relutions of things are known to us—cause, power, force, 
ete, His views are always suggestive, and the best recent 
psychology in France is but the reproduction of some of 
them. 

In the latest stage of his speculation De Biran distin- 
guishes the animal existence from the human, under which 
the three forms above noted are classed, and both from the 
life of the spirit, in which human thought is brought into 
relation with the supersensible, divine system of things. 
This stage, as above said, is left imperfect. Altogether De 
Biran’s work presents a very remarkable specimen of deep 
metaphysical thinking directed by preference to the psy- 
chological aspect of experience. It is almost a solitary in- 
stance of an effort to treat psychology in a wide and philo- 
sophical manner, 

he Guores inédites of De Biran by Naville contain an 
introductory study. Special monographs on him are— 
Merten, tude critique sur Maine de Biran, 1865; 1. Newville, 
Muine de Biran, sa vie et ses pensées, 2d od,, 1874; Gerard, 
Maine de Biran, essai sur sa philosophic, 1876, 


MAINE-ET-LOIRE, a western department of 
France, lying between 47° and 47° 507 N. lat., and be- 
tween 15’ HK. and 1° 20% W. long., consists of the 
southern portion of the former province of Anjou, and 
is bounded on the N. by the departments of Mayenne 
and Sarthe, on the 1. by Indre-et-Loire, on the 8. by 
Deux-Sévres and Vendée, on the W. by Loire-inféri- 
eure, and onthe N. W. by Ille-et-Vilaine. he extreme 
length from northeast to southwest is about 78 miles; 
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the breadth from north to south ranges from 25 to 50 
miles, and the area is 2750 square miles. The capital, 
Anyers, lies 162 miles southwest trom Paris. he de- 
partment is made up of two distinct regions, the line 
of demarcation running from southeast to northwest, 
and passing through Angers; that to the south consists 
of granites, felspars, and a continuation of the geo- 
logical formations of Brittany and Vendée; to the 
north, on the contrary, schists, limestone, and chalk 
wrevail, The general elevation of the latter region is 
ut small, and none of its eminences exceed 880. feet 
in height; the former, on the contrary, has a surface 
richly varied with deep winding valleys clothed with 
woods and thickets, though the highest points are 
under 700 feet. The department belongs entirely 
to the basin of the Loire, which traverses it from 
east to west by a valley varying in breadth from 
about | to 5 miles; the bed is wide but shallow, 
and full of islands, the depth of the water in sum- 
miner being at some places litthe more than 2 feet. 
The floods which occur are sudden and destructive. 
mm dlr : , tea 

lhe chief affluent of the Loire within the department 
is the Maine, formed a little above Angers by the june- 
tion of the Mayenne and Sarthe (the latter in turn 
having previously received the waters of the Loir). 
All three rivers are navigable. Other tributaries of 
the Loire are theThouet (with its tributary the Dive), 
the Layon, the Hvre, the Divatte on the left, and the 
Authion on the right. he latter, which has a course 
parallel to that of the Loire, has been supposed, but 
erroucously, to occupy an ancient bed of that river, 
The Mayenne is jomed on the right by the Oudon, 
which can be navigated below Segré, The lrdre, 
Which joins the Loire at Nantes, and the Moine, a 
tributary of the Sévre-Nantaise, both take their rise 
within this department. The climate, which is very 
ind, shares the characteristics both of the Sequanian 
and of the Armorican districts. The mean annual tem- 
perature of Angers is 3° Kahr, above that of Paris; 
the rainfall at the same place is only 18.64 inches 
but rises to 28.6 inches farther down the river, and 
27.75 as the sea is approached. Notwithstanding this 
deficiency of rain, the frequent foes, combined with 
the peculiar nature of the soil in the southeast of the 
department, produce a degree of moisture which is 
highly Mean to meadow growths. The winter colds 
are never severe, and readily permit the cultivation of 
certain (rees which cannot be reared in the adjoining 
departments. 

Of the entire area more than one-half is arable; one 
tenth is occupied by meadows; and considerably smaller 
areas are occupied by woods, vineyards, and heath respect- 
ively. Oxen number 225,000, pigs 100,000, and sheep 
64,500; these figures represent a considerable commercial 
activity, as most of the animals are purchased out of 
neighboring departinents for the purpose of being fattened, 
Cholet alone exports annually 100,000 cattle, 150,000 or 
200,000 sheep, and 25,000 or 80,000 pigs. The number of 
horses in the department is 55,000, chiefly of a race much 
used for light cavalry service. The cavalry school is at Sau. 
mur within this department, The production of cereals is 
in excess of the consumption; there are extensive areas in 
the valleys of the Loire and Sarthe under hemp, and line 
seed and colza oil are produced in quantity, The legumes 
of Saumur and Angers wre specially prized, The wine of 
the department (14,000,000 gallons in 1860) is fairly good, 
and the white wine of Saumur is exported and sold as 
sparkling champagne (about 6,000,000 bottles yearly). 
Cider is produced, wand large quantities of apples, pears, 
and plums are exported to the markets of Paris, Ungland, 
and Russia, Wloriculture is an important industry, and 
the forests of oak and beech abound in game (stag, roe. 
buck, wildboar), Near Angers are slate quarries in which 
3250 workmen are employed; and the “ Layon-el- Loire” 
coal bed produced in 1841 15,286 tons of coal and anthracite, 
which, however, did not supply the demand of the depart- 
ment. There are sandstone quarries in the arrondisse- 
ments of Saumur and Baugé. Cholet, the chief manufac. 
turing town, is famous for its pocket-handkerchiefs; it has 
also manufactures of linen cloths, flannels, and cotton 
stuffs, worsted and cotton thread factories, and bleaching 
works, Similar manufactures are carried on at Angers; 
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the specialty of Saumur is the making of enamels and | 
beads, in which it employs 600 workimen, producing goods | 
The population of | 


to the annual value of 1,500,000 francs, 
the department was 517,258 in 1876, being an increase of 
141,714 since 1801, There ave five arrondissements, Angers, 
Baugé, Cholet, Saumur, and Segré, The capital is Angers. 


7 * 

MAINPURI, or Mynpoornn, a district in the 
lieutenant-governorship of the Northwestern Proy- 
inces, India, between 26° 527 8077 and 27° 807 N, lat., 
and 78° 277 46’7 and 79° 28% 307 WW. long., is bounded 
on the N, by Mtah, on the IK, by arrukhabad, on the 
S. by HMtawah, and on the W. by Muttra and Agra, 
and has an area of 1697 square miles, of which 949 
are cultivated, and 190 cultivable. Lt consists of an 
almost unbroken level plain, intersected by small 


rivers, but unvaried by any greater elevations than a 
few undulating sand ridges. Lt is wooded throughout 
with mango groves, and isolated chimps of babul trees 
occasionally velieve the bareness of its saline wear 
plains. On the southwestern boundary the Juma 
flows in a deep alluvial bed, sometimes sweeping close 
to the high banks which overhang its valley, and at 
others leaying room for a narrow strip of fertile soil 
between the river and the upland plain, Irom the 
Jow-lying lands thus formed a belt of ravines stretches 
inJand for some 2 miles, often covered with jungle, 
but affording good pasturage for cattle, Moving north- 
eastward from this point, one reaches in succession the | 
small rivers Aganga, Sengar, Rind, Isan, and [ali | 
Nadi, most of which supply water to a small tract on 
either side, besides giving origin to rich deposits of 
cultivable silt, The Mtawah and Cawnpur branches 
of the Ganges canal intersect the district for Wrigation 
purposes, and the Lower Ganges canal, when comple- 
ted, will furnish additional facilities in the same diree- 
tion, 


The census of 1872 returned the population of the dis- 
trict at 765,783 (males, 426,955; femules, 338,828), ‘The 
Hindus numbered 724,663, Mohammedans 40,965, Christians 
85. Among bigh-caste Hindus, the Brihmans number 
67,072, and form a wealthy landholding class. RéAjputs are 
roturned at 60,155, amongst whom the Chauhans form the 
largest clan, ‘They have long formed the aristocratic class 
of the district, and in 1872 owned 44 per cont, of the total 
area. Much of their hereditary property is, however, 
passing out of their hands into those of merchants and 
traders. Of the lower castes, the most important are the 
Ahirs, numbering 123,354, who own over 12 per cent, of the 
soil. For many centuries this tribe consisted of lawless 
robber hordes, who held the fastnesses of the Jumna ra- 
vines; and, though they have now been reduced to # com- 
paratively industrial life, they still continue to afford the 
jocal authorities much trouble and anxiety, The Chamfvs, | 
108,193 in number, are mere hewers of wood and drawers | 
of water for the landholding classes, who held them in a 
condition of absolute serfdom under native rule, Other 
important. Hindu tribes are KAchhis, (72,898), Lodhis 
(53,658), Gadariyas (28,047), and Kahars (25,273), The 
Moslems are for the most part poor and without social in- 
fluence. Only four towns in the distriet contain a popula- 
tion exceeding 5000; Mainpurt, 21,117; ShikohAbéd, 10,069 ; 
Bhongion, 6271; and Karhfl, 5574, 

Mainpuri is one of the districts where the question of 
fomalo infanticide has long engayed the attention of Gov. 
ernment, and even as late as 1872 this practice was 80 Gom- 
mon as in a great measure to account for the large prepon- 
derance of males in the general population, In 1842 
measures were first introduced for the supervision of the 
Chauhin RAéjputs and Phitak Ahirs, among whom the 
practice was most common, Hyery fomale birth had to be 
duly reported and authenticated, tovether with wa subse- 
quent report on the child’s health. Dlness had to be im- 
mediately announced to the police, who held an investiga- 
tion, ‘These rules remained in force until supplemented | 
by those of the Infanticide Act of 1870, In 1843 there was 
not a single fomalo child among these tribes: in 1847 there 
were but two hundred and ninety-nine, In 1851 a conven- 
tion of the heads of clans was held, when a body of rules 
was drawn up and subscribed to, but thoy were never 
observed, In 1865 a consus of the Chauhan and Phittale 
villages was hold, whon six of the former were found with- 
out a single fomale infant, In some cases a daughter had 
never been known in the village. In 1870 it was found 
necessary to impose more stringent rules, and a special 
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Infanticide Act was passed by the viceregal council. In- 
quiries instituted in connection with the census of 1872 
revealed the fact that many other tribes than the Chanu- 
hins and Phétuks were implicated in the practice, In 1875, 
although a large proportion of the community had so far 
reformed in this respect as to be exempted from the special 
supervision provided by the Infanticide Act, there were 
still two hundred and seventy-six villages on the ‘ pro- 
claimed list” under the surveillance of a specially organ- 
ized police, maintained by a tax levied on the guilty com- 
munities, 

In MAinpuri almost every acre of available soil is un- 
der titlage. The total area ander cultivation at the date 
of the last settlement was 607,991 acres. IKharif or rain 
crops included cotton, 45,901 acres; joar, 120,497; bajra, 
74,028; indigo, 5369; with a little maize, rice, hemp, ete., 
making up a total of 299,850 acres. Rabi, or spring crops 
were the following :—wheat, 105,485 acres; barley, 60,443 ; 
wheat and barley mixed together, 66,488; with gram, 
poppy, ete., making a total of 282,376 acres, There were 
also 17,523 acres of sugar-cane, Of the 607,260 acres oul- 
tivated in 1881, 337,726 were unirrigated, 140,415 were irri- 
pated by private individuals, and 49,219 by Government. 
Two-thirds of the land is held by tenants with rights of 
ocoupaney, and one-third by tenants-at-will, Méinpuri 
suffers little from floods or blights, byt in former years it 
used to be severely afflicted by drought. The means of 
communication, added to the large and inereasing irriga- 
tion system, are now probably sufficient to protect the dis- 
trict from extreme distress in years of famine, 

The district trade is almost entirely of a rural character. 
The chief exports are cotton, grain, indigo, gi, and mis- 
cellancousagricultural produce; while metals, Uuglish piece 
oods, sugar, peddler’s wares, tobacco, and rice are imported. 
Cotton thread is largely manufactured, and there is some 
trade in bangles, hukds or pipes, inlaid wood-work, and 
other faney articles, Saltpetre is refined at several fac- 
tories. The distriet is thoroughly supplied with land and 
water communications, Good metalled roads connect alk 
the principal towns and villages; the Bast Indian Railway 
runs for twenty-three miles through the southwestern 
angle; the navigable branch of the Ganges canal intersects 
the central platean; and the natural highway of the Jum- 
na skirts the district to the south. 

The gross amount of assessment in 1880-81 was £115,132, 
Education was afforded in 1880-81 by 151 schools with 4146 
pupils. The climate is hot but not excessively sultry 
during the summer months, and damp or foggy during the 
cold weather rains. The average annual rainfall for the 
five years ending 1870-71 was 32.20 inches, The chief 
endemic disease is malarial fever, 

Mainpuri anciently formed part of the great kingdom of 
Kanauj, and after the fall of that famous state it was 
divided inte a number of petty principalities, of which 
RApri and Bhonghon were the chief. In 1194 RApri was 
made the seat of a Moslem governor. Méinpuri fell to the 
Mughals on Bfibar’s invasion in 1526, and, although tem- 
porarily wrested from them by the short-lived Afghén 
dynasty of Sher Shih, was again occupied by them on the 
reinstatement of Humfytin after the victory of Panipat. 
Like the rest of the lower Doib, Mdinpuri passed, towards 
the end of the last century, into the power of the Mahrat- 
tas, and finally became a portion of the proyinee of Oudh. 
When this part of the country was ceded to the British in 
1801, MAinpuri town became the headquarters of the ex- 
tensive district of Etawah which was in 1856 reduced by 
the formation of Etah and Mdéinpuri into separate collec- 
torates. On the outbreak of the mutiny in 1857, the regi- 
ment stationed at MAinpuri revolted, and attacked the 
town, which was successfully defended by the few Euro- 
poans of the station for a week, until the arrival of the 
JhAnsi mutineers made it necessary to abandon the 
district, 


MArnpuri, the chief town and headquarters of the 
above district, is situated in 27° 14” 1577 N, lat., 79° 
3’ 5/7 Ki. long., and had a population in 1872 of 
21,117, viz., Hindus, 17,596 ; ohammeédans, 8485 ; 
Christians and ‘‘others,’’ 146. The town consists of 
two separate portions, M dinpurt proper and Mukham- 
ranj; the former traditionally dates from the pre- 
Rintaale period of the Mahdbhdrata, while the latter 


was founded by Réj& Jaswant Sinh in 1803.  Tolkar | 


“plundered and burned part of the town in 1804, but 


was repulsed by the local militia. Since the British 
occupation the population has rapidly inereased, and 
many improvements have been carried out. The Agra 
branch of the Grand Trunk Road runs through the 
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centre, and forms a wide street lined on both sides by | 
shops, which constitute the principal bazaar. Besides 
the usual Government offices, etc., in the civil station, 
the chief buildings are the police station, opium ware- 
houses, jail, post-office, dispensary, two large schools, 
American Presbyterian mission, church, reading- 
rooms; there are two public gardens. The town car- 
ries on a considerable trade in cotton, indigo seed, 
country produce, and iron; and there is a manufac- 
ture of wooden articles inlaid with wire. 
MAINTENON, Frangoisr pb’ AuBiGNé, Mar- 
QUISE DE (1635-1719), the second wife of Louis 
XIV., and unacknowledged queen of I’rance for the 
last thirty years of his reign, was born in a prison at 
Niort on November 27, 1635. Her father Constant 
d’ Aubigné, was the son of Agrippa d’Aubigné, the 
famous friend and general of font 1V., and had | 
been imprisoned as a Huguenot malcontent, but her 
mother, a fervent Catholic, had the child baptized in 
her religion, her sponsors being the Due de la Roche- 
foucauld, father of the author of the Maaims, and 
the Comtesse de Neuillant. In 1639 Constant | 
d’ Aubigné was released from prison and took all his 
family with him to Martinique, where he died in 1645, 
after having lost what fortune remained to him at 
cards. Madame d’Aubigné returned to France, and 
from sheer poverty unwillingly yielded her daughter 
to her sister-in-law, Madame de Villette, who made 
the child very happy, but, unfortunately for her, con- 
verted or bieended to convert her to Protestantism. 
When this was known, an order of state was issued 
that she should be entrusted to Madame de Neuillant, 
her godmother. Every means, every indignity even, 
was now used to convert her back to Catholicism, but 
at the last she only yielded on the condition that she 
need not believe that the soul of Madame de Villette 
was lost. Once reconverted, she was negleeted, and 
sent home to live with her mother, who had only a 
small pension of 200 livres a year, which ceased on 
her death in 1650. The Chevalier de Meré, a man of 
some literary distinction, who had made her acquaint- 
ance at Madame de Neuillant’s, discovered her penni- | 
less condition, and introduced his ‘‘ young Indian,” 
as he called her, to Scarron, the famous wit and comic 
writer, at whose house all the literary society of the 
day assembled. The wit, who was of good legal | 
fumily, and had a kind heart, took a faney to the 
friendless girl, and offered either to pay for her. 
admission to a convent, or, though he was deformed 
and an invalid, to marry her himself. She accepted 
his offer of marriage, and became Madame Scarron in 
1651. For nine years she was not only his most 
faithful nurse, but an attraction to his house, where 
she tried to bridle the license of the conversation of 
thetime. On the death of Scarron in 1660, Anne of 
Austria continued his pension to his widow, and even 
increased it to 2000 livres a year, which enabled her 
{o entertain and frequent the literary society her | 
husband had made her acquainted with; but on the 
ueen-mother’s death in 1666 the king, in spite of all 


the efforts of her friends, refused to continue her pen- | 
sion, and she prepared to leave Paris for Lisbon as 
Judy attendant to the queen of Portugal. But before 
she started, she met Madame de Montespan, who was 
already, though not avowedly, the king’s mistress, at 
the [6tel d’Albret, and the lady in question took such 
a fancy to her that she obtained the continuance of 
her pension, which put off forever the question of 
going to Portugal. Jadame de Montespan did yet , 
more for her, for when, in 1669, her first child by the 
king was born Madame Scarron was established with 
a large income and a large staff of servants at Vau- 
iravd to bring up the king’s childven in secrecy as | 
they were born. In 1674 the king determined to have 
his children at court, and their governess, who had 
now made sufficient fortune to buy the estate of 
Maintenon, accompanied them. The king had now 
many opportunities of seeing Madame Scarron, and, 
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though at first he was prejudiced against her, her 
even temper showed so advantageously against the 
storms of passion and jealousy exhibited by Madame 
de Montespan that she grew steadily in his favor, and 
had in 1678 the gratification of having her estate at 
Maintenun raised to a marquisate, and herself entitled 


Madame de Maintenon by the king himself. Such 
favors brought down the fury of Madame de 
Montespan’s jealousy, and Madame de Mainte- 


non’s position was almost unendurable, until, in 1680, 
the king severed their connection by making the lat- 


| ter second lady in waiting to the dauphiness, and soon 


after Madame de Montespan left the court. The 
new ‘‘amie’’ used her influence on the side of decency, 
and the queen openly declared she had never been so 
well treated as at this time, and eventually died in 
Madame de Maintenon’s arnis in 1683. The queen’s 
death opened the way to yet greater advancement; in 
1684 she was made first lady in waiting to the dauphi- 
ness, and in the winter of 1685, or, Voltaire says, in 
January, 1686, she was privately married to the king 
by Harlay, archbishop of Paris, in the presence, it is 
believed, of Pére la Chaise, the king’s confessor, the 
Marquis de Montcheyreuil, the Chevalier de Forbin, 
and Bontemps. No written proof of the marriage is 


}extant, but that it took place is nevertheless cer- 


tain. Her life during the thirty years of her 
second married life must be studied from more 
than one side, and ean be so fully from her 


letters, which are masterpieces even of an age 
when Madame de Sevigné wrote, and of which many 
authentic examples are extant. Asa wife she is wholly 
admirable; she had to entertain a man who would not 
be amused, and had to submit to that terribly strict 
court etiquette of absolute obedience to the king’s 
inclinations which Saint-Simon so vividly describes, 
and yet be always cheerful, and never complain of 
weariness or ‘ill-health. Her political influence has 
probably been over-stated, but it was supreme in 
matters of detail. ‘he ministers of the day used to 
discuss and arrange all the business to be done with 
the king beforehand with her, and it was all done in 
her cabinet and in her presence, but the king in more 
important matters often chose not to consult her. 
Such mistakes as, for instance, the replacing of Catinat 
by Villeroi may be attributed to her, but not whole 
policies,—notably, according to Saint-Simon, not the 
policy with regard to the Spanish succession, Hven 


‘the revocation of the edict of Nantes and the Dra- 


gonnades have been laid to her charge, but there can 
be no doubt that, in spite of ardent Catholicism, she 
retained a liking for her father’s religion, and opposed, 
if not very vigorously, the cruelties of the Dragonnades. 
She was probably afraid to say much, or peril her great 
reputation for devotion, which had in 1692 obtained 
for her from Innocent XII. the right of visitation over 
all the convents in France. Where she deserves blame 
is in her use of her power for personal patronage, 
as in compassing the promotions of Chamillart and 
Villeroi, and the frequent assistance given to her 
brother Comte Charles d’ Aubigné, Her influence was 


on the whole a moderating and prudent force, and the 
king, when he wanted her advice, used to say, ‘‘ Qu’en 


pensez votre Solidité?”’ or ‘‘Consultons la Raison.’ 
Ter social influence was not as great as it might have 
been owing to her holding no recognized position at 
court, but it was always exercised on the side of decency 
and morality, and it must not be forgotten that from 
her former life she was intimate with the literary 


ene of the day, and never deserted her old friends. 
A 


ide by side with this public life, which wearied her 


with its shadowy power, occasionally crossed by a desire 


to be recognized as queen, she passed a nobler anel 
sweeter private existence as the foundress of St. Cyr. 
Madame de Maintenon was a born teacher; she had 
so won the hearts of her first pupils that they preferred 
her to their own mother, and was similarly successful 


later with the young and impetuous Duchesse de 
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Bourgogne, and she had always wished to establish a 
home for poor girls of. good family placed in such 
straits as she herself had experienced. As soon as her 
fortunes began to mend she started a small home for 
yoor girls at Ruel, which she afterwards moved to 
ees and which was the nucleus of the splendid 
institution of St. Cyr, which the king had endowed in 
1686 at her request out of the funds of the Abbey of 
St. Denis. She was in her element there. She 
herself drew up the rules of the institution ; she 
examined every minute detail; she befriended 
her pupils in every way; and her heart often 
turned from the weariness of Versailles or of 
Marly to her ‘‘little girls’? at St. Cyr. It was 
for the girls at St. Cyr that Racine wrote his 
Esther and his Athalie, and it was because he 
managed the affairs of St. Cyr well that Chamil- 
lart became controller-general of the finances. 
The later years of her power were marked by 
the promotion of her old pupils, the children of 
the king and Madame de Montespan, to high 
dignity between the blood royal and the peers 
of the realm, and it was doubtless under the 
influence of her dislike for the Due d’ Orleans 
that the king drew up his will, leaving the per- 
sonal care of his successor to the Due de Maine, 
and hampering the Due d’Orleans by a council 
of regency. On or even before her husband's 
death she retired to St. Cyr, and had the 
chagrin of seeing all her plans for the advance- 
ment of the Duc de Maine overthrown by means 
of the parlement of Paris. However, the regent 
Orleans in no way molested her, but on the con- 
trary visited her at St. Cyr, and continued her 
pension of 48,000 livres. She spent her last 
years at St. Cyr in perfect seclusion, but an ob- 
ject of great interest to all visitors to HFrance, 
who, however, with the exception of Peter the 
Great, found it impossible to get an audience 
with her. On April 15, 1719, she died, and was 
buried in the choir at St. Cyr, bequeathing her 


estate at Maintenon to her niece, the only 2 
daughter of her brother Charles, and wife of the : 
Maréchal de Noailles, to whose family it still 5 
belongs. Such was the life of the extraordinary 6 


woman who kept till the last the heart of Louis 
XIV., marked bya virtue almost amounting to prudery, 
in strong contrast to the generations which preceded and 
followed her, by alove of power and a use of it which 
can indeed be excused by her early life, but which was 
not exercised for the good of France, and by a religious 
devotion which was narrow, if not violently fanatical, 
but sweetened throughout by her ardent love for her 
‘little gir!s,’’? whom she had saved from the difficulties 
of life, and whom she loved with all a mother’s love. 


La Beaumelle published the Lettres de Madame de Main- 
tenon, but much garbled, in 2 vols. in 1752, and on a larger 
scale in 9 vols.in 1756. He also in 1755 published Mémoires 
de Madame de Maintenon, in 6 vols., which caused him to be 
imprisoned in the Bastille. Next must be noted Madame 
de Maintenon peinte par elle méme, by Madame Suard, 1810; 
ITistoire de Madame de Maintenon, by Lafont d’Aussonne, 
1814; Lettres inédites de Mudume de Maintenon et la princesse 
des Ursins, 1826, reviewed by Sainte-Beuve, Causeries du 
Luni, vol. v.; and Histoire de Madame de Maintenon, by the 
‘Due de Noailles, 1848-58. All materials for her life have, 
however, been superseded by Théophile Lavallée’s Histoire 
de St. Cyr, reviewed in Causeries du Lundi, vol. iii., and by 
his edition of her Lettres historiques et édifiantes, etc., in 7 
vols., and of her Correspondance Générale, in 4 vols., which 
latter must, however, be read with the knowledge of many 
forged letters, noticed in P. Grimblot’s Faux Autographes de 
Madame de Maintenon. Saint-Simon’s fine account of the 
court in her day and of her career is contained in the 
twelfth volume of Chéruel and Regnier’s edition of his 
Mémoires. (H. M. §.) 


MAINZ, or Mentz (in French, Mayrncr), the 
largest town in the grand-duchy of Hesse-Darmstadt, 
one of the strongest fortresses in Germany, and form- 
erly the seat of an archbishop and elector, is situated 
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MAINZ, 


on a rising ground on the left bank of the Rhine, 
nearly opposite the influx of the Main. The fortifica- 
tions, which consist of three ence/ntes with a series of 
outlying forts, embrace the small town of Castel on 
the opposite bank, and have recently been widened so 
as to admit of a large extension of the town. Mainz 
is connected with Castel by a bridge of boats, and the 
Rhine is also spanned there by a railway bridge. The 
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interior of the town consists chiefly of narrow and 
irregular streets, but the oldest part of all, to the west, 
was almost entirely destroyed i the explosion of a 
powder-magazine in 1857, and has been rebuilt in a 
much improved style. ‘There are also several hand- 
some modern streets on the side next the Rhine, 
which is bordered by a fine quay, upwards of 300 feet 
in breadth. To the south ties the Neue Anlage, a 
park laid out on the site of the chateau of Favorite, 
where the duke of Brunswick signed his famous mani- 
festo to the French people in 1792. The prineipal ob- 
ject of historical and architectural interest in Mainz 
is the grand old cathedral, an imposing Romanesque 
edifice with numerous Gothic additions and details, 
It was originally erected between 975 and 1009, but 
has since been repeatedly burned down and rebuilt, 
and its present form dates chiefly from the 12th, 18th, 
and 14th centuries. he largest of its six towers is 
300 feet in height. The whole building was restored 
by order of Napoleon in 1814, and another thorough 
renovation has been recently in progress.. ‘The interior 
contains the tombs of Boniface, the first archbishop of 
Mainz, of Frauenlob the minnesinger, and of most of 
the archiepiscopal electors. Mainz possesses eight 
other Roman Catholie churches, the most noteworthy 
of which are those of St. Ignatius, with a finely painted 
ceiling, and St. Stephen, built in 1318, and restored 
after the explosion of 1857. The old electoral palace, 
erected in 1627-78, now contains valuable collections 
of Roman and Germanic antiquities, a picture gallery 
and a library of 130,000 volumes, including several 
productions of Gutenberg, Fust, and Schéffer. Among 
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the other principal buildings are the palace of the 
grand-duke, built in 1731-39 as a lodge of the Teuto- 
nic Order, the theatre, the arsenal, the Government 
house, the commandant’s residence, and several fine 

rivate houses. A handsome statue of Gutenberg, by 

horwaldsen, was erected at Mainz in 1837, and the 
town is also embellished with a statue of Schiller and 
two architectural fountains. - Mainz still retains many 
relics of the Roman period, the most important of 
which is the Hichelstein, a monument believed to have 
been erected by the Roman legions in honor of Drusus. 
It stands within the citadel, which occupies the site of 
the Roman castrun. 
town are the remains of a large Roman aqueduct, of 
which upwards of sixty pillars are still standing. The 
educational and scientific institutions of Mainz include 
an episcopal seminary, a gymnasium, a society for 
literature and art, a musical society, and an antiqua- 
rian society, the fine collection of which has been men- 
tioned above. The university, founded in 1477, was 
suppressed in 1791. 

I e site of Mainz would seem to mark it out natu- 
rally as a great centre of trade, but the illiberal rule of 
the archbishops and its military importance seriously 
hampered its commercial and industrial develop- 
ment, and prevented it from rivalling its neighbor 
Frankfort. It is now, however, the chief empo- 
rium of the Rhenish wine traffic, and also car- 
ries on an extensive transit trade in grain, timber, 
flour, and oil. The natural facilities for carriage by 
water ave supplemented by seven railways. The 

rincipal manufactures of Mainz are leather goods, 
urniture, carriages, chemicals, musical instruments, 
and earpets, for the first two of which it has attained 
a wide reputation. Mainz is the seat of the adminis- 
trative and judicial authorities of the province of 
Rheinhessen, and also of a Roman Catholic bishop. 
The population in 1880 amounted to 61,322, including 
a garrison of about 8000 men. Fully two-thirds are 
Roman Catholics. Castel has about 5000 inhabitants. 


Mainz, one af the oldest cities in Germany, was originally 
a Celtic settlement. Its strategic importance was early 
recognized by the Romans, and in 13 B.c. Drusus, the son- 
in-law of Augustus, erected a fortified camp (castrum) there, 


to which a smaller castellum (the modern Castel) on the 


opposite bank was afterwards added. The Celtic name 
became Latinized as Maguntiacum or Moguntiacum, and a 
town, Maguitia, gradually arose, which became the capital 
of Germania Superior. In the “ Volkerwanderungen,” or 
migrations of peoples during the gradual dissolution of the 
Roman empire, Mainz was destroyed on different occasions 


’ by the Alemanni, the Vandals, and the Huns (451 A.D.). 


Christianity seems to have been introduced at an early 
period, and soon after its recovery from the last of these 
calamities we find it the seat of a bishop. In the middle 
of the 8th century, under Boniface, the see became an arch- 
bishopric, to which the primacy of Germany was annexed. 
Charlemagne built a bridge here and granted the town 


_ important privileges, and in the following centuries it was 


the seat of several diets and ecclesiastical councils. In 
1254 Mainz was the head and mainspring of the league of 
Rhenish towns, and had attained to such a pitch of com- 
mercial prosperity that it was known as the “Goldene 
Mainz.” Soon after this time it is believed that the popu- 
lation was as numerous as at the present day. In 1462, 
during the strife between the rival archbishops Diether 
yon Isenburg and Adolph von Nassau, Mainz espoused the 
cause of the former, but was taken by the latter, who had 
the support of the emperor, lost its imperial privileges, and 
was henceforth subject to the archbishops. Many of its 
citizens were driven into exile, and carried into other lands 
a knowledge of the art of printing, which had been invented 
at Mainz by Gutenberg in 1440. In the Thirty Years’ War 
Mainz was occupied by the Swedes and the French. In 
1792 it enthusiastically welcomed the principles of the 
French Revelution, and opened its gates to the Republican 
troops under General Custine. It was recaptured in the 
following year, but was ceded to France by the peace of 


Campo Formio in 1797. In 1814 it was restored to Germany 


and handed over to the grand-duchy of Hesse, remaining, 
however, a fortress of the German Confederation, garrisoned 
in common by Prussian, Austrian, and Hessian troops. 
Since 1871 it has been a fortress of the German empire. 


A little to the southwest of the | 
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For further information consult Schaab, Geschichte der 
Stadt Mainz, 1841-44; K. Klein, Mainz und seine Umgebungen, 
1868; Bockenheimer, Beitrage zur Geschichte der Stadt Mainz,. 
1874, and Mainz und Umgebungen, 1880; Werner, Der Dom 
von Mainz und seine Denkmaler, 1827-36. (See. Nts) 


MAISTRE, Josepn px, diplomatist and polemical 
writer was born at Chambéry on the Ist April, 1754, 
and died at Turin on the 26th February, 1821. The 
family was an ancient and noble one, enjoying the title 
of count, and is said to have been of Languedocian 
extraction. The father of Joseph was president of 
the senate of Savoy, and held other important offices. 
Joseph himself, after studying at Turin, received 
various appointments in the civil service of Savoy, 
finally becoming a member of the senate. In 1786 he 
married Francoise de Morand. The invasion and 
annexation of Savoy by the French Republicans made 
him an exile. He did not take refuge in that part of 
the king of Sardinia’s domains which was for the time 
spared, but betook himself to the as yet neutral terri- 
tory of Lausanne. here, in 1796, he published his 
first important work (he had previously written certain 
discourses, pamphlets, letters, ete.), Considérations sur 
la France. In this he developed his views, which 
were those of a Legitimist, but a Legitimist entirely 
from the religious and Roman Catholic point of view. 
The philosophism of the 18th century, as shown in its 
political views, or rather the second as a consequence 
of the first, was Joseph de Maistre’s life-long object 
of assault. 

After the still further losses which, in the year of the 
publication of this book, the French Revolution in- 
flicted on Sardinia, Charles HMmmanuel swnmoned 
Joseph de Maistre to Turin, and he remained there for 
the brief space during which the king retained a remnant 
of territory on the mainland. Then he went to the island 
of Sardinia itself, and held office at Cagliari. In 1802 
he was appointed envoy extraordinary and miinister 
plenipotentiary at St. Petersburg, and journeyed 
thither the next year. Although his post was no sine- 
cure, its duties were naturally less engrossing than the 
official life, with intervals of uneasy exile and trayelling, 
which he had hitherto known, and his literary activity 
was great. He only published a single treatise, on 
the Principe généruteur des Constitutions; but he 
wrote his best and most famous works, Du Pape, De 
U Hylise Gallicane, and the Sovrées de St. Pétersbourg, 
the last of which was never finished. Du Pape, which 
the second-named book completes, is a treatise in reg- 
ular form, dealing with the relations of the sovereign 
pontiff to the church, to temporal sovereigns, to civili- 
gation generally, and to schismaties, especially Angli- 
cans and the Greek Church. It is written from the 
highest possible.standpoint of papal absolutism. . The 
Sotrées de St. Pétersbowrg, so tar as it is anything (for 
the arrangement is somewhat desultory), is a kind 
of théodicée, dealing with the fortunes of virtue and 
vice in this world. It contains two of De Maistre’s 
most famous pieces, his panegyric on the executioner 
as the foundation of social order, and his acrimonious, 
and in part unfair, but also in part very damaging, 
attack on Locke. The Du Pupe is dated May, 1817; 
on the Sotrées the author was still engaged at his 
death. Besides these works he wrote an examination 
of the philosophy of Bacon, some letters on the Inqui- 
sition ae institution which, as may be guessed from 
the remarks just noticed about the executioner, was no 
stumbling-block to him), and, earlierthan any of these, 
a translation of Plutarch’s ‘‘ Mysay on the Delay of Di- 
vine Justice,’ with somewhat copious notes. After 
1815 he returned to Savoy, and was appointed to high 
office, while his Du Pape made a great sensation. But 
the world to which he had returned was not altogether 
in accordance with his desires. He had domestic 
troubles; and chagrin of one sort and another is said 
to have had not a little to do with his death by paraly- 
sis at no very advanced age. Most of the works men- 
tioned were not published till after his death, and it 
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was not til 1851 that a collection of Lettres ct Opus. 
cules appeared, while even since that time fresh mat- 
tor has re uiblished, 

Joseph de Maistre wasone of the most poworful, and 
by far the ablest, of the leaders of the Neo-Catholic 
and anti-ereyolitionary movement, 
able thing about his standpoint is that, layman as he 
wan, ib was entirely ecclesiastical. Unlike his contem- 
porary Bonald, Joseph de Maistre regarded the tem- 
poral monarchy as an institution of altogether inferior 
Hportance to the spiritual primacy of the pope. He 
wis by no moans a political absolutist, except in so far 
as he regarded obedience as the first of political vir- 
tres, and he seldom loses an opportunity of stipulating 
fora (empered monarchy. But the pope’s power is 
not to be tempered at all, either by councils or by the 
tomporal power or by national churches, least of all by 
wivate judgment, The peculiarity of Joseph de 
Maistre is Chat hesupports his conclusions, or if it: be 
preferred his paradoxes, by the hardest and heaviest 
arvument, Although a great master of rhetoric, he 
nover makes rhetorie do duty for logie. Hyvery now 
and than itis possible to detect fallacies in him, but for 


(heaost part he has sueceeded in carrying matters | 


back (o those fundamental differences of opinion which 
hardly admit of argument, and on which men take 


sides in consequence ehiefly of natural bent, and of 


predilection for one state of things rather than for | 


another, The absolute necessity of order may be said 
to have been the first principle of this thinker. He 
could nobeonceive such order without a single visible 
authority, reference to which should settle all dispute. 
Ho saw that there eould be no sueh temporal head, and 
in the pope he thought that he saw a spiritual substi- 
tute, ‘The anarchie tendencies of the revolution in 
polities and religion were what offended him,  Itought 
(o be added that he was profoundly and accurately 
loaned in history and philosophy, and that the super- 
ficial blundors of the T8th contury philosophes irritated 
him as muchas their doctrines. ‘Po Voltaire in par- 
ticular he shows 10 merey, 

A good and complete edition of De Maistre has yet to 
Appoar, Ol the two works named as his masterpieces, Du 
Pape is bo be found in the Bibliothdéque Charpentier, and the 
Somées de St. Pélersboury is printed in two volumes, the fit- 
toonth edition, so-called, bearing date Lyons, 1878, 

(G. SA.) 

MAISTRE, XNavinr pp, the younger brother of 
Joseph, was born at Chambéry in October, 1763, and 
died at St, Petersburg on the 12th June, 1852. THe 
served when young in the Piedmontese army, and 
wrote his Voyage autour de ma Chambre when he was 
in garrison at Turin, This, a delightful fantasy piece 
Which may have owed something to the srarente of 
Sterne in its conception, but which is quite original in 
execution, he showed to his brother Joseph, and on his 
approval it was published at Turin in 1704, Xavier, 
however, shared the polities and the loyalty of his 
brother, and the annexation of Savoy, followed as it 
was at no long date by the extinetion of Piedmontese 
independence, made him quit his country. He served 
in the yietorions Austro-Russian campaign in which 
Suwaroll performed such wonders, and accompanied 
tho marshal to Russia, For a time he was in very re- 
deed circumstances, and is said to have supported 
himself by painting, But on his brother's arrival in 


St. Petorsbure he was introduced to the minister of 


marine, Tle was appointed to several posts in the eap- 
ital, but also saw active service, was wounded in the 
Caucasus, and attained the rank ofmajor-general. He 
married a Russian lady and established himself in his 
adopted country, oven after the overthrow of Napoleon, 
and (he consequent restoration of the Piedmontese 
dynasty, Mor a time, however, he lived at Naples, 
but he retumed to St. Petersburg and died there. He 
was only onee at Paris (in 1839), when Sainte-Beuve, 
who has left some pleasant reminiscences of him, met 
him. Besides the Voyage already mentioned, Xavier 


The most remark. | 


lin its sentiment. 
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de Maistre’s works (all of which are of very modest di- 
mensions) are Le Lépreux de la Cité d Aoste, a touch- 
ing little story of human misfortune, Les Prisonniers 
du Cancase, a powerful sketch of Russian character, 
La Jeune Sibérienne, and the Mepédition Nocturne, a 
sequel to the Voyage autour de ma Chambre. But 
his Voyage is, with the Lépreuw, his title to fame. 
Suoth have a certain resemblance to Sterne, the first in 
its quaintness and desultory arrangement, the second 
Xavier de Maistre is, however, much 
less artificial than his forerunner, especially in his 
pathos, and he is also much better bred. His style is 
of remarkable ease and purity. The works of Xavier 
dle Maistre, with the exception of some brief chemical 
(raclates, are usually printed in a single volume, which 
figures in the collections of Charpentier, Garnier, ete. 

MALTLAND, a town of Australia, in New South 
Wales, 93 miles north of Sydney, in the valley of Hun- 
ter river, and communicating with Neweastle and Port 


| Hunter both by steamboat and railway. It consists of 


two distinct municipalities —Hast Maitland, incorpora- 
ted in 1862, and West Maitland, in 1863. ‘The former, 
which is the seat of a Roman Catholic bishop, contains 
acourt-house, a large prison, and a mechanie’s insti- 
tite; the Jatter a court-house, an excellent hospital 
(Campbell's Hill), a school of arts with a considerable 
library, a benevolent asylum, a theatre, and a Domi- 
nican nunnery. The district is a rich agricultural 
country, growing maize, barley, oats, wheat, tobacco, 
grapes, and oranges; coal and shale are regularly 
worked near the town; and a good trade is carried on 
with the interior townships. The inhabitants number 
T881, Hast Maitland having 2500 and West Maitland 
58Rl, 

MAITLAND, Jonn (1614-1682), earl and after- 
wards duke of Lauderdale in the peerage of Seotland, 
was a great-crandson of Sir RromArD MAIm@LAND (q.v. ). 
In early life a Presbyterian, he attended the West- 
minster Assembly in 1643 as an elder of the Church of 
Scotland; and he was a party to the surrender of 
Charles L. to the English army in 1645. Soon after- 
wards, changing his politics, he became a zealous sup- 
porter of the royal cause, and promoter of the Kngage- 
ment for raising forces for the king’s rescue. He was 
taken prisoner at the battle of Worcester, and, on 
being set at liberty in 1660, he repaired to the Hague 
and accompanied Charles LL. to Scotland. From 1663 
he was virtually ruler of Scotland,—at first moderate in 
his counsels, but afterwards severe in his measures 
against the Covenanters. In 1672 he was made duke 
of Lauderdale and a Knight of the Garter; and he had 
also an Hnglish peerage conferred on him (with the 
title of earl of Guildford) in 1674. One of the adminis- 
trative council known as the ‘‘ Cabal,”’ he eventually 
fell into disgrace, and died in 1682. Hisdukedom and 
nelish honors expired with him; the earldom of 
Lauderdale passed to his brother Charles, and is still 
in possession of his descendants. The voluminous 
correspondence of Lauderdale, which is still extant, 
shows that. in addition to a remarkable power over 
men of all classes, great watchfulness and resolution, 
and very clear ideas of what was needed to keep Scot- 
land peaceful and in a state of usefulness for further 
ends, he was possessed of no slight learning. 

MAMTLAN D, Sir Ricwarn (1496-1586), an early 
Scottish lawyer and poet, was born in 1496. His 
father, William Maitland of Lethington and Thirlstane, 
fell at Mlodden; his mother was a daughter of George, 
Lord Seton. He studied law at the university of St. 
Andrews, and afterwards in France. He was in 1552 
one of the commissioners to settle matters with the 
Knelish about the debatable lands on the borders, and 
about that time had the honor of knighthood conferred 
upon him. In 1554 he was made an extraordinary 
lord of session. About 1561 he seems to have lost 
his sight, but this did not render him ineapable of 
attending to public business, as he was the same year 
admitted an ordinary lord of session by the title of 
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Lethington, and in 1562 was nominated lord privy seal. 
He resigned this latter office in 1567, in favor of John, 

rior of Coldingham, his second gon, but he sat on the 
feak till he attained his eighty-eighth year. He was 
an amiable and accomplished man, and died in 1586, 
aged ninety, after having been employed in public 
offices for upwards of twenty years. His eldest gon. 
William, forms the subject of next article. His second 
son, John, was a lord of session, and was made a lord 
of parliament in 1590, by the title of Lord Maitland of 
Thirlstane, in which he was succeeded by his son John, 
also for some time a lord of session, who was created 
earl of Lauderdale in 1624, The latter was the father 
of John Maitland, duke of Lauderdale, noticed above. 
One of Sir Richard’s daughters, Mary, assisted her 
father in his studies, and also wrote verses. 

The poems of Sir Richard Maitland, none of them lengthy, 
are somewhat satirical, and are principally directed against 
the abuses of his time. He must, however, be regarded as 
the industrious collector and preserver of many pieces of 
ancient Scottish poetry. These were copied into two large 
volumes, one in folio, and another in quarto, the former 
written by himself, and the latter by his daughter. After 
being in the possession of his descendant the duke of Lau- 
derdale, these volumes were purchased at the sule of the 
duke’s library by the celebrated Samuel Pepys, who was 
one of the first collectors of rare books in England. They 
have since been preserved in the Pepysian Library, Magda- 
lene College, Cambridge. They lay there unnoticed for 
many years till Bishop Perey published one of the poems 
in his Reliques of English Poetry. Several of the pieces were 
then transcribed by John Pinkerton, who afterwards pub- 
lished them under the title of Ancient: Scottish Poems, com- 
prising Pieces written from about 1420 till 1586, with Notes and 
@ Glossary, 2 vols. 8vo, London, 1786. Sir Richard Jeft in 
manuscript a history of the family of Seton, and a volume 
of legal decisions collected by him between the years 1550 
and 1565. Both are preserved in the Advocates’ Library, 
Edinburgh, and the latter work is still unpublished. The 
Poems of Sir Richard Maitland were printed in 1830 by 
the Maitland Club, a literary society, founded in Glasgow 
in 1828, which took its name from him, ‘The MS. used for 
the purpose was one preserved in the Drummond collee- 
tion in the library of the university of Edinburgh. It 
seems to have been written shortly before the year 1627, 
when if was presented by Drummond to the library. In 
1829 there was also printed for the club Uhe History of the 
TTouse of Seytoun to the year 1559, with a continuation to 
1687 by Alexander, Viscount Kingston, 

MAITLAND, WititaM (ec, 1525-1573), best known 
in Scottish history by the name of his father’s estate 
of Lethington, near Haddington, where he resided, 
was the eldest son of Sir Richard Maitland, noticed 
above. Born about 1525, and partly edueated in 
France, he was at an early age initiated into public 
life. He was made secretary of state by Mary of 
Guise in 1558; but the favor with which he regarded 
the views of the reforming party soon exposed him to 
the queen mother’s resentment. He became one of the 
“lords of the congregation,’ and was also one of the 
Scottish commissioners who negotiated with Queen 
Klizabeth regarding the terms on which she would 
agree to aid the Reformers. Soon after Mary’s arrival 
in Scotland, he was employed in two embassies to 
England, and was made first an extraordinary and 
then an ordinary lord of session. He had a contro- 
versy with Knox, whom he accused in the General 
Assembly of 1564 of teaching seditious doctrine. He 
went again to England as ambassador to notify the 
queen’s marriage to Darnley, and was implicated both 
in the conspiracy against Rizzio and in the Kirk of 
Field tragedy, though he was also a member of the 
secret council at which the depositions of Darnley’s 
murderers were taken, and signed the act of council 
aceusing Mary of being the author of the crime. He 
fought against the queen at Langside, but at the con- 
ference at York identified himself in a measure with 
her interests. At the instance of the regent Murray 
he was in 1569 arrested as a participant in the king’s 
murder, and would have been brought to trial but for 
a ruse of Kirkcaldy of Grange, who, as commander of 
Edinburgh Castle, conveyed him thither as a prisoner. 
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The two principal representatives of Mary’s cause, 
Lethington and Grange, who may be described as the 
forlorn hope of the captive queen, held the castle of 
Hdinburgh for some time against the regent Morton 
and an Mnglish force; and, when surrender became a 
matter of necessity, they made their submission not to 
the regent, but to the Knelish queen. Kirkcaldy was 
executed ; but Maitland died in prison, it was generally 
believed of poison administered by his own hand, on 
9th June, 1573. ‘ Secretary Maitland’’ was a man of 
great learning and power of repartee, wanting in in- 
tegrity, but skilled in intrigue, und reputed the most 
accomplished and most versatile statesman that his 
country has produced; in the opinion of his contem- 
poraries his capacities were too great for the narrow 
sphere of Scottish polities. 

MAITVAIRM, Mion. (1668-1747), bibliographer 
and editor, was a native of France, and was born in 
1668. On the revocation of the edict of Nantes his 
parents, who were Protestants, removed to Mngland, 
where he was educated at Westminster and at Christ 
Church, Oxford, graduating in 1696. From 1695 to 
1699 he taught in Westminster School, but afterwards 
devoted himself exclusively to private teaching and 
editorial work. He died on August 4, 1747, 

Muaittaire was a great lover of books, but no critic; and 
his numerous editions take rank only as compilations. 
His works inelude De Greece Lingue Dialectis, 1706; Ste- 
phanorum Historia, vitas ipsorum et libros complectens, 1713; 
Historia Typographorum aliquot Parisiensium, vitas et libros 
complectens, 1717; Annales Typographici, 9 vols. 4to, The 
Hague, Amsterdam, and London, 1719-41; Marmora Ox- 
oniensia, 1732; editions of a large number of Latin 
authors (Lucretius, Pheedrus, Sallust, Terence, efc.), as well 
as an edition of Anacreon (1725), and Miscellanea Grecorum 
aliquot seriptorum Carmina, 1722. 

MAIZK, or Inpran Corn, Zea Mays, U., from ed 
or Cea, which appears to have been “spelt? (7riticwm 
spelta, 1), according to the deseription of Theophras- 
tus, is of the tribe Phalaridew of the order Graminece 
or grasses. It is unknown in the native state, but is 
most probably indigenous to tropical America (Mndli- 
cher, Gen. Pl., No. 742). Small grains of an unknown 
variety have been found in the ancient tombs of Peru. 
Bonafous, however ( //istoire naturelle du Mais), quotes 
authorities (Bock, 1532, Rueland Fuchs) as believing 
that it came from Asia, and maize was said by Santa 
Rosa de Viterbo to have been brought by the Arabs 
into Spain in the 13th century. A drawing of maize 
is also given by Bonafous from a Chinese work on 
natural history, Ji-chi-tehin, dated 1562, a little over 
sixty years after the discovery of the New World. It 
is not figured on Hgyptian monuments, nor was any 
mention made of it by Kastern travellers in Afviea or 
Asia prior to the 16th century. On the arthority, 
however, of Mr. J. Crawford, who resided for nine 
years in Java, Bonafous says it had been cultivated 
from a very ancient period in the Asiatic islands under 
the equator, and that it was received thence into 
China, and go passed westwards into India and Tur- 
key, hence its name of ‘Turkey corn,” under which 
title Gerard in 1597 figured and deseribed seven kinds 
as well as one called ‘Corne of Asia.” Both Gerard 
and Bonafous think that it first came from the Hast, 
but that on the discovery of America it was reintro- 
duced into Hurope from that country. The former 
observes ;—‘' These kinds of graine were first. brought 
into Spaine, and then into other provinces of Hurope 
out of Asia, which is in the Turkes Dominions; as also 
out of America and the Hands adioyning from the Mast 
and West Indies and Virginia, ete.’? Humboldt and 
others, however, do not hesitate to say that it origi- 
nated golely in America. It had been long and exten- 
sively cultivated there at the period of’ the discovery of 
the New World. he plant is monoecious, producing 
the staminate (male) flowers ina large feathery panicle 
at the summit, and the (female) dense eg of 
flowers, or ‘‘cobs,’’ in the axils of the leaves 
below, the long pink styles hanging out like a 
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silken tassel. They are invested by the sheaths of 
leaves, much used in packing oranges in South Hue 
rope, and the more delicate ones for cigarettes 
in South America. The accompanying figures are after 


Fic, 1.—Male. Fic, 2.—Male. 

Nees von Esenbeck, Gen. Pl. Fl. Germ. Fig. 1 shows 
: s ; x : 

a branch of the terminal male inflorescence. Hig. 2 is a 

single spikelet of the same, containing two florets, with | 

the three stamens of one only protruded. Fig. 3 is ¢ 


Fic. 3.—Female. 


spike of the female inflorescence, protected by the 
sheaths of leaves,—the blades being also present. 
Usually the sheaths terminate in a point, the blades 
being arrested. Tig. 4 is a spikelet of the female in- 


florescence, consisting of two outer glumes, the lower 
one ciliated, which enclose 
two florets, —one _ barren 
(sometimes fertile), consist- 
ing of a flowering glume 
and pale only, and the other 
fertile, containing the pistil 
with elongated style. The 
mass of styles from the 
whole spike is pendulous 
from the summit of the 
sheaths, as in fig. 3. Fig. 5 
shows the fruit or grain. 
More. than three hundred 
varieties are known, which differ more among them- 


Fic. 4—Female. 


MAIZE. 
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selves than those of any other cereal. Some come to 
maturity in two months, others require seven months ; 
some are as many feet high as others are inches; some 
have kernels eleven times 
larger than others. They 
vary similarly in shape and 
size of ears, color of the 
grain, which may be white, 
yellow,. purple, striped, ete., 
and also in physical characters and chee com posi- 
tion,—in short, in all those characters in which the 
different species of a genus differ among themselves. 
The varieties grown most abundantly im the United 
States may be roughly grouped into four great classes. 
The ‘‘ Flint’ varieties are most common east of Lake 
Erie and north of Maryland, and the ‘‘ Dent’ varie- 
ties are the common ones west and south of these 
points. The ‘‘ Horsetooth”’ varieties are grown ex- 
tensively only in the south, and there they are grown 
along with the dent. These three classes pass into 
each other by every gradation, and the grain from all 
is similar in chemical composition. The ‘Sweet ”’ 
varieties are not grown for the ripe grain, but for boil- 
ing corn, and that the stalks may serve as ‘‘ corn fod- 
der.’’ ‘‘Green corn’’ was an important food with the 
native Indians. Many of the tribes celebrated its sea- 
son with religious ceremonies and. festivals. In the 
large cities of America ‘‘ green corn”’ is a table luxury, 
but in the smaller towns and country districts it is an 
important article of food. Chemical analysis, as well 
as common experience, shows that this is a very nutri- 
tious article of food, being richer in albuminoids than 
any other cereals when ripe (calculated in the dry 
weight). It is capable of being grown in the topics 
from the level of the sea to a height equal that of the 


a 
} 


Fia, 


ii 


5.—Grain, 


| Pyrenees, and in the south and middle of Europe, but 


it cannot be grown in England with any chance of 
profit, except perhaps as fodder.. Frost kills the plant 
in all its stages and all its varieties; and the crop does 
not flourish well if the nights are cool, no matter how 
favorable the other conditions. Consequently it is the 
first crop to disappear as one ascends into the moun- 
tain regions, and comparatively little is grown west of 
the great plains of North America. In Brittany, 
where it scarcely ripens the grain, it furnishes a stron 
crop in the autumn upon sandy soil where clover an 
lucern will yield but a poor produce. It prefers a 
deep, rich, warm, dry, and mellow soil, and hence the 
rich bottoms and fertile prairies of the Mississippi 
basin constitute the region of its greatest production, 
Tilinois leads in total amount, producing in 1879 nearly 
326 millions of bushels, or 105 bushels per head of 

opulation. The region of chief production in the 
Waited States may be described as a rude ellipse 900 
miles long from east to west by 600 miles wide, with 
Springfield (the capital of Illinois) as its centre. This 
region produces annually from 1000 to 1400 millions of 
bushels, or nearly three-fourths of the total crop of the 
country. 

As an article of food, maize is one of the most ex- 
tensively used grains in the world. Although rich in 
nitrogenous matter and fat, it does not make good 
bread. A mixture of rye and corn meal, however, 
makes an excellent coarse bread, formerly much used 
in the Atlantic States, and a similar bread is now the 
chief coarse bread of Portugal and some parts of Spain. 
When the harder ‘‘flint’’ varieties are roasted, the 
grains “pop,” the skin bursts, and the white interior 
swells up, emitting a pleasant color. It is either baked 
into cakes called tortilla by the Indians of Yucatan, or 
made into a kind of porridge, as in Ireland. When 
deprived of the gluten it constitutes oswego, maizena, 
or corn flour (see Letheby’s Lectures on Mood, p. 19; 
and Foods by i. Smith, 156). Maize contains more 
oil than any other cereal, ranging from 3.5 to 9.5 per 
cent. in the commercial grain. This is one of the fae- 
tors in its value for fattening purposes. In distilling 
and some other processes this oil is separated and forms 


MAJLATH—MAKALLA. 


an article of commerce. When maize is sown broad- 
cast or closely planted in drills, the ears may not de- 
velop at all, but the stalk is richer in sugar and sweeter, 
and this is the basis of growing “‘ corn-fodder.’’ The 
amount of forage that may be produced in this way is 
enormous ; 50,000 to 80,000 tb of green fodder are 
grown per acre, which makes 8000 to 12,000 tb as field- 
eured. Sugar and molasses have from time to time 
been manufactured from the corn stalks, but at present 
this manufacture is not commercially successful. 

In the treeless western prairies maize is often grown 
for fuel, as in many places fuel can be procured go 
cheaply in no other way. A hundred bushels of ears 
is equal in heating power to a cord of the best hard 
wood, and may be grown fora price less than a cord of 
hard wood brings in the large cities. The use of corn 
in the industries, as the raw material for the manufac- 
ture of alcohol, whiskey, starch, glucose, oil, and various 
food products, increases year by year, with the increase 
of facilities for production and the increasing applica- 
tions of chemistry to the arts. 

For fuller details see a paper by Professor W. H. Brewer, 
Yale Col., Conn., from which some of the above details are 
taken, as well as the Special Report on Cereal Products, Wash- 
ington, 1832, and the 38th Annual Report of the New York 
State Agricultural Society, 1878. 


; 

MAJLATH, JANos or Joun, Count (1786-1855), 
Hungarian historian and poet, was born at Pest on the 
5th of October, 1786. First educated at home, he 
subsequently studied philosophy at Eger (Erlau) and 
law at Gyr (Raab), his father, Count Joseph Majlath, 
an Austrian minister of state, eventually obtaining for 
him an appointment in the public service. The weak- 
ness of his eyesight having rendered it necessary for 
him a few years later to resign the Government secre- 
taryship to which he had been promoted, Majlath 
turned his attention to literature, especially devoting 
himself to historical research, and the translation into 
German of Magyar folk-tales, and of selections from 
the works of the best of his country’s native poets. 
Moreover, as an original lyrical writer, and as an editor 
and adapter of old German poems, Majlath showed 
considerable talent; and, in general, his activity as an 
author was remarkable, his various literary produc- 
tions in German and Hungarian amounting together 
to more than sixty volumes. During the greater part 
of his life he resided either at Pest or Vienna, but a 
few years before his death he removed to Munich, 
where he fell into a state of destitution and extreme 
despondency. Seized at last by a terrible infatuation, 
he and his daughter Henriette, who had long been his 
companion and amanuensis, determined to put an end 
to their dependent position by drowning themselves in 
the Lake of Starnberg, a few miles south-west of 
Munich. This fatal resolution was carried into effect 
on the 3d of January, 1855. 


It is generally admitted that in his great historical 
treatises Count Majléth has failed in a critical discrimina- 
tion between the merely mythical or poetical and the true 
historical element,—the former not unfrequently being 
allowed to unduly influence and obscure the latter. The 
political tendency of his writings, moreover, has been 
objected to, especially by his own countrymen, as being too 
conseryative and over-favorable to Austria. Ofhis histori- 
cal works the most important are the Geschichte der Mag- 
yaren (Vienna, 1828-31, 5 vols.; 2d ed., Ratisbon, 1852-53), 
and his Geschichte des dsterreichischen Kaiserstaats (Hamburg, 
1834-50, 5 vols.). Specially noteworthy among his metrical 
translations from the Hungarian are the Magyarische 
Gedichte (Stuttgart and Tiibingen, 1825) ; and Himfy’s auser- 
lesene Liebeslieder (Pest, 1829; 2d ed., 1831; see KISFALUDY, 
SAnpor). A valuable contribution to folk-lore appeared 
in the Magyarische Sagen, Marchen, und Erzdhlungen (Brinn, 
1825; 2d ed., Stuttgart and Tubingen, 1837, 2 vols.). 


MAJOLICA. See Porrery. ‘ 
MAJOR, or Marr, Joun (c. 1470-1550), a theologi- 
cal and historical writer, was born at the village of 
Cleghorn, near North Berwick, Scotland, about the 
year 1470. After a short period spent at Cambridge, 
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he entered the university of Paris in 1493, studying 
successively at the colleges of St. Barbe and Montaigu, 
and graduating as master of arts in 1496. Promoted 
to the doctorate in 1505, he lectured in philosophy at 
Montaigu College for some time, and had several dis- 
tinguished auditors. From 1518 to 1522 he held the 
office of principal in the university of Glasgow, John 
Knox being among the number of those who attended 
his lectures there; he was afterwards removed to St. 
Andrews, where George Buchanan was one of his 
punks in 1525. He appears again to have returned to 
france for some time, but we find him once more 
at St. Andrews in 1530, where he was head of St. 
Salvator’s College from 1533 until his death, which 
took place about 1550. 

He wrote In Libros Sententiarum commentarius, Paris, 
1509-19; De Historia Gentis Scotorum libri sex, Paris, 1521. 
Commentarius in Physica Aristotelis, Paris, 1526; and In Qua- 
tuor Evangelia Expositiones Luculentz, Paris, 1529. By Knox 
he is spoken of as having been in his day an oracle in 
religious matters; and it has been conjectured that both 
the great Reformer and Buchanan were largely indebted to 
him for their advanced opinions on political and ecclesias- 
tical questions. His writings do not, however, possess any 
interest or importance apart from this circumstance; und 
even Buchanan has allowed himself to speak of his old pre- 
ceptor as “ Joannes solo cognomine major.” 


MAJORCA. See BAatEartc IsLANDs. 

MAJORIANUS, Junius VaALEerius, emperor of 
the west from 457 to 461, was the successor of Avitus. 
He had been a distinguished soldier under Aetius, and 
also after the death of that general ; for his election to 
the purple he was indebted to the powerful Count 
Ricimer, patrician of Rome. To put a stop to the 
harassing incursions of the Vandals he, in 458, re- 
solved to lead an expedition against Genseric himself; 
for this purpose he got together a large army, com- 
yosed chiefly of barbarians, and, passing the Alps in 
Nora hes, 458, made Lyons, and afterwards Arles, 
his headquarters until the preparations for the invasion 
of Africa had been completed. Having during his stay 
in Gaul succeeded in pacifying Theodoric, he, in the 
beginning of 460, crossed the Pyrenees for the purpose 
of joining his armament at Carthagena. Genseric, 
however, after all overtures for peace had been rejected, 
succeeded through the treachery of certain officers in 
surprising the Roman fleet, most of the ships being 
either taken or destroyed. Majorianus returned at 
once to Gaul, where he made peace with Genseric in 
the following year. Soon afterwards, while at Tortona 
in Lombardy, he was surrounded by partisans of Rici- 
mer and compelled to abdicate (August 2, 461). He 
diéd, most probably by violence, five days afterwards, 
and was succeeded on the throne by Severus. He was 
the author of several laws, which, ‘‘ remarkable for an 
original cast of thought and expression, faithfully 
represent the character of a sovereign who loved his 
people, who sympathized in their distress, who had 
studied the causes of the decline of the empire, and 
who was capable of applying (as far as such reforma- 
tion was practicable) judicious and effectual remedies 
to the public disorders’? (Gibbon, Decline and Fall, 
chap. 39). _., 

MAKALLA, or Macubna, a port on the south 
coast of Arabia, in 14° 31’ N. lat. and 49° 13’ K, long. 
The town, which appears to be of no great antiquity, 
is described by Wellsted as built on a low projecting 
point, with many lofty and substantial houses, and a 
suburb of huts, chiefly inhabited by slaves, Somalis, 
and Arab sailors, on the slopes leading up to a lofty 
chalk-hill (Jebel el-Kara) which overhangs the town. 
The Arab inhabitants are of the Beni ‘Is4 tribe. ‘The 
Somali traders do not settle permanently in Makalla, 
but they form an important element in the population, 
There are also Indian residents (Banians). The harbor 
is good, and the town, which may be regarded as the 
port of Hadramaut, rose during the decline of Aden 
to the rank of the chief emporium between India and 
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the Somali coast. It still exports, among other pro- 
duetions of Hadramaut, tobacco, mother-of poarl, and 
incense to Jeddah and shark fins to India, but has 
lately declined in the general transformation of the 
character of the Hastern trade, According to the 
latest Arabie accounts (see Badger, in the Bbw 
March 4, 1882), the town contains about a thousand 
houses. Makall@ is governed by a prince or nakib who 
is esteemed one of’ the chief minor potentates of that 
coast. ‘The present prince Salah el-Kesidf has made 
himself quite Independent of the surrounding Bedouins, 
and is even reported to have made conquests in tho 
interior. 

MAKKARE. Abu’l'Abbis Ahmed ibn Moham- 
med el-Makkarf, Arabic historian was born at lim: 
sin (‘Memeen) in Algeria, towards the close of the 16th 
century, and studied at ez, where he remained oceu 
pied with literary pursuits, till, for some unknown 
cause, he was driven into exile and, after visiting 
Meecea, settled in Cairo, In 1628 he eame to Damas: 
cus alter a pilgrimage to Jerusalem. Warmly reeeived 
by the scholars there, he delivered Teetures on the 
traditions of the Prophet, and in the evenings enter 
tained his friends with stories of the glories of Moslem 
Spain, a subject of interest to all Arabs, and especially 
to those of Syria, His friends made him promise to 
reduce his narrative to writing, and on returning: to 
Cairo he devoted three years to this task. Ele had 
divorced his wife and made other preparations to settle 
definitely in Damaseus when death overtook him in 
1631. 


Makkari’s great work, The Breath of Perfume from the 
Branch of Green Andalusia, and Memorials of its Vivier Lisdn 
el-Din ibn el-Ihalib, consists, as the name indicates, of two 
parts. ‘The first is a general history and deseription of 
Mohammedan Spain, mainly in the form of analoeta from 
a number of authors, with many verses interspersed, This 
part, whieh is of great historical value, was published in an 
(incomplete) English version by P. de Gayangos (London, 
1840-43), and in Arabie by Wright, Krehl, Doxy, and Dugat 
(Analectes sur Vhistoire et la littérature des Arabes id Pepagne, 
Leyden, 1855, 1856, 1858, 1861), An edition in four volumes 
published at Cairo (1868), containg also (in vole. dit and tv) 
the life of the famous statesman and author Listin el Din, 
vizier of Granada (0b. 1874), Further references to liter: 
ture are given by Pertseh, Arab, Hdschr, au Gotha, No, 1607, 
Among other works of Makkart & commontary on the pro» 
legomena of Tbn Khalddin is montionod (ht. Kh, 8048), 


MAKO, acorporate town of Hungary, and capital of 
the trans-Tisian county of Osandd, is situated near the 
right bank of the Maros, about 15 miles east-southeast 
of Sxeved, in 46° 137 N, lat,, 20° 287 H. lone, The town 
consists of the three wards of Bujik, Svent-Lbrings 
(Saint-Lawrence), and Ujvdros (New Town), and has, 
besides the usual official buildings connected with the 
administration of a county, Roman and Greek Catholic, 
Lutheran, and Calvinist churches, and a synagogue } 
also an elegant (Calvinist) gymnasium, the bishop of 
Csanid’s palace and gardens, royal and eirenit courts 
of law, barracks, tax and galt offeos, a timber trading 
agency, & mantactory of agricultural implements, and 
numerous mills, ‘Che surrounding country is fortile, 
The communal lands arf extensive, and afford excellent 
pasturage for horses and sheep, as also for largo herds 
of horned cattle, for the sive and quality of which 
Mako has obtained a high repute, An abundanee of 
fish and aquatic fowl is supplied by the Maros, the 
water of which river is ised also for drinking purposes, 
that from the wells being unpalatable. The town is 
protected from inundations of the Maros by a powerful 
dike, but the commune nevertheless sometimes suffers 
during the gpring floods (see Huna@anry, vol. xii, p, 
877), The population, whieh is chiefly agricultural, 
amounted in 1880 Co 80,077, mostly Magyars by nation 
ality. A great part of the business of the town is in 
the hands of Jews. 


}Roman Catholies, 11,178; Grook Catholtos, 456; Greek Master 
Sere 50; Calvinists, 15,492}; Lutherans, 445; Jews, 1462; Unitas 
rians, 4, 
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MAKRIZE Tak olDin ‘Ahmed ibn ‘Alt ol 
Makvizf (18641441), one of the most meritorious of 
Avabio historians and archeologists, was doscended on 
both sides from families of seholarly distinetion, Tis 
hereditary surname of Makerizi, by whieh he is tsmally 
known, was dorived from Maketz, a suburb of Ba'lbek. 
with whieh town bis paternal ancestors had been cons 
noctod. Tak el Din himself’ was born in Cairo, and 
spont his life mainly in Neypt, where he was brought 
up as clerk ina Govornmont office, and ata later date 
he beeame Mohtes’b (a sort of police officer in charge 
of the markets) for Cairo and northern Weypt, and 
afterwards inspector of the WWalinosf foundation at 
Damaseus, Tle declined the post of eadi in the latter 
town, Tle was, however, mainly engrossed in scholarly 
pursuits as a traditionist and a jurisconsult, but 
ospocially as an indefatigable student of history, Tle 
is reproached by his contemporarios for a somewhat 
inordinate voal in theologieal controversy, bub other 
Wise passed a quiet and uneventhil lito,  Makrtyt's 
literary activity was very great; he was nota man of 
original power, and his books aro largely compilations, 
in which he is not always scrupulous in naming the 
sourees to Which he ia indebted, but his learning was 
vast, his observation accurate, and his judgement sage 
olous, Tis most important werk is the historieal and 
topographical deseription of Meypt (2 Aaed de year le 
Itihdr ft dhiler ‘) [hitat walAthdr), of whieh an 
odition im 2 vols, folio has appoarod at Balik (1270 
A.M, 1854400), This is in many respects a montt 
mental work; tho elaborate deseription of medinoval 
Cairo is of unique interest.” Lb has enjoyed & proat 
roputation, having even been translated into ‘Turkish. 


Rosides this work Malertivi wrote a variety of other hooks 
hboaring on Beypt The unfinished Ahaha is a vast alphine 
botioal oyelopmdin of Deyptian biography; three yolumos 
of the author's autograph are at Loyden (pecexx of the 
printed catalogue), and one is at Paris, Tle also wrote 
throe works on the history of Eeypt undor the Moslonma, 
An imperfoet copy of the second tn tho wuthor's autograph, 
containing the history of the Matiniites, ivat Gotha (Portaoh, 
No, 1652; Kosogarton, Chrest, po xvii), while the third 
(history of the Ayydbite wad fitamsivies sovereigns) has 
been in proat part (ranslated by Quatremadve (iivtoive dex 
Sultans Mamlouks det boypte, 2 vole, I87d5), Of a dios 
eraphionl dietionnry of Malevivi's coutomporaries one autor 
graph volume ix prosorved at Gotha (No, 1771), A awinber 
of minor works of our vuthor ave Known tn Barepe in MS, 
and several have been published, viv, on tho Afostens dn 
Abyssinia, by Rink, U7) on Mohammedan Cotrage, by Tyoh 
aon, T7N7, and Pronoh translation by De Saey, 17P7; on 
Arab Weights and Measures, by Tyehson, 18005 on tho Ande 
bie Tribes that Migrated to Roupt, by Wuoestonfold, 1847; 
History of Hadramant, by Noskow®, 1866, Of a great work on 
the oartiost history of the Arabs part at loast is ati) knewn 
in Deypt, 

Wor further dotails as to Malerivi and his wiitings see the 
contomporary biographies published by De Saey (Chest, 
Arabe) and Hamaker (Spee Cat Cod, Luge. Bat), and the 
introduction to Quatromedre’s work alvoady named, 


MALABAR, a district in the Madras prosidenoyy 
India, between 10° 15% and 12° 18% N, lat. and 7 
147 and 76° 627 1, long,, is bounded on the N, by South 
Kanara, on the KK. by Coorg, the Nileivi hills, and 
Coimbatore district, on the 8. by Cochin wand ‘Trwan: 
core states, and on the Wy. by the Arabian Soa, The 
oxtrome longth is 146 miles, while the breadth yaries 
from 25 milos in the north to 70 miles in tho south 4 
the arow is S768 squaro miles. Malabar is singularly 
divorsitied in its contiguration; from the eastward, the 
oroat range of the Western Ghats, only interrupted by 
the Palghat gap, looks down on a country broken by 
long spurs, oxtonsive ravines, donse forests and ‘angled 
jungle. To the westward gontlor slopes aud downs, 
and gradually widening valleys. closely cultivated, sue 

2'The year of his birth ts variously given as FO, Te, 700 Ady 
Dut 766 Ad (Id Awd.) te the dato bost authontioated, 

{Various oxtraeta have been publighod ty Burope, eg, the 2h 
tory af the Copts, in Arable and German, by Whosten tole (QOth, 
1845), Wor other extracta, list of MSS, ofe,, see Perteeh, 
aot att Gotha, No. LTS; and Cus, Codd, ASS, Or, dha, Lit, 
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ceed the forest uplands, till, nearer the seaboard, the 
low laterite Cilmtads shelve into rice plains and back- 
waters fringed with cocoa-nut palms. The coast runs 
in a southeasterly direction, and forms a few head- 
lands and small bays, with a natural harbor in the 
south at Cochin. In the south there is considerable 
extent of table-land. The mountains of the Western 
Ghats run almost parallel to the coast, and vary from 
8000 to 7000 feet in height. One of the most striking 
features in the country is the Palghat gap, a complete 
opening in the Western Ghats some 25 miles across. 
e chief rivers are the Beliapatam, Kota, Mahe, 
Beypur, Kadelundi, and Ponani. One of the most 
characteristic features of Malabar is an all but continu- 
ous chain of lagoons or backwaters lying parallel 
to the coast, which have been formed by the action 
of the waves and shore currents in obstructing 
the waters of the rivers. Of these backwaters the 
most important are the Kavéi and Beliapatam in the 
north, the Payangadi, Quilandi, and Mlatur in the 
middle, and the Chetwdi and Kodungalir in the 
south. Connected as they are by artificial canals, they 
form a cheap and abundant means of transit; and a 
large local trade is carried on by inland navigation, 
Fishing and fishcuring is an important industry, the 
value of the exports of salt fish to Ceylon being about 
£20,000 per annum. ‘The forests are extensive and of 
great value, but they are almost entirely private pro- 
erty. The few tracts which are Osa have come 
into Government hands by escheat or by contract. Wild 
animals include the elephant, tiger, panther, bison, 
sambhar, spotted deer, hog, Nilgiri ibex, hyena, and 
bear. Small game is very abundant. 


The census of 1872 returned the population of the district 
at 2,261,250, namely, Hindus, 1,637,914; Mohammedans, 
581,609; Huropeans, 2579; Hurasians, 5409; native Chris- 
tians, 32,280; Jains, 31; and “others,” 1428, ‘The Moplis 
or Mapilas, who form a leading section of the Mohamme- 
dans, are the descendants of Malayalam converts to Islam, 
mainly confined to the coast tract. They are fanatical and 
bigoted and their outrages, partly fanatical and partly 
agrarian, have for long been a distinct feature in Malabar 
history. Many‘of these outbreaks have necessitated the use 
of Buropean troops for theirsuppression, A few Syrian Chris- 
tiansare found in the south of the district, where they have 
one church. The Roman Catholics have several churches and 
villages, the chief occupation of the people being fishing and 
cultivating vegetables. The existing Roman Catholic mis- 
sion dates from 1656, having been founded by the Carmel- 
ites. The Protestant Basel mission, established in 1839, has 
founded churches and schools at Calicut, Caunanore, 'Telli- 
eherri, and Palghat, with branch establishments at Chom- 
bla and Todakel. The native Christian population is 
steadily increasing, mainly through the conversion of the 
low-caste Hindus, who gain in social position by the change. 
The five largest towns, which are all municipalities, are 
Calicut, the capital, population 48,338; Palghat, 31,115; 
Tellicherri, 20,479; Cochin, 13,588; and Cannanore (Kana- 
ndr) town and cantonment, 10,265, 

In 1880-81 926,359 acres were under cultivation, and 2,- 
869,965 were returned as cultivable. Rice, which occupied 
580,281 acres in 1881, forms the principal food crop, but it 
is also largely imported from neighboring districts. Other 
crops are cholum, ragi, chama, gingelly sced, castor-oil seed, 
gram, coffee, pepper, ginger, arrowroot, cardamoms, chillies, 
onions, cocoa-nul, areca nut, cinnamon, etc, Cocoa-nut 
gardens form one of the greatest sources of commercial 
wealth; the value of the exported produce from Madras in 
1880-81 was £141,800, chiefly from Malabar, this being «a 
decrease of 18 per cent. on the year preceding, Pepper and 
spices yield over a quarter of a million, As a rule, the 
peasantry are well off and free from debt. The district is 
not liable to blight, flood, or drought. When, however, the 
neighboring districts to the east suffer from scarcity, Mala- 
bar, which ordinarily imports grain, is affected by the pre- 
valence of high prices. 

The district is fairly supplied with means of communica. 
tion, and possesses 400 miles of good motalled roads, besides 
minor cart tracks. The water communication provided by 
the backwaters and their canals has already heen referred 
to. The Madras railway traverses the southern part of the 
district for a total distance of 89 miles from Walliar to Boy- 

ur, Except cloth weaving, and the making of tiles, 

ricks, etc.,at the mission stations ab Calicut and Canna- 
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nore, and the weaving of coarse cotton cloths and mats at 
Palghat, there are no local manufactures worthy of mention, 
The weaving of calico, which derived its name from Cali- 
cut, seems to have altogether died out; while unsuccessful 
attempts have been made to manufacture canvas at Bey- 
pur and silk at Palghat, The principal seats of commerce 
are Calicut, Cannanore, Tellicherri, Cochin, Palghat, and 
Badagara. In 1876-77 the value of the imports (which 
were abnormally increased by the famine demand for rice) 
amounted to £1,765,200, of which £1,118,000 was for rice; 
exports £2,466,000, of which £960,000 represented coffee. 
Kuropean banks are represented at Calicut, Cochin, and 
Tellicherri, 

The revenue has largely increased of late years. In 1880- 
81 the land revenue mnounted to £176,062, and the gross 
reyenne to £332,623, The number of pupils connected with 
the various schools at the same date was 20,971. The 
principal educational institutions are the provincial school 
at Calicut, the mission school at Tellicherri, the Palghat 
high school, and the “ Kerala Vidya Sala,” recently estab- 
lished by the zamorin, for the instruction of the young 
noblemen of his family and of other influential persons in 
the district. Nearly one hundred schools are exclusively 
confined to Moplis. There are several printing presses at 
Calicut and Cochin, and at the latter port are published two 
English and two Malayalam newspapers. The climate of 
the district is, on the whole, healthy ; the rainfall is heavy, 
averaging 120 inches a year, of which about 80 inches fall 
in June, July, and August. The temperature varies from 
60° in December to about 92° in the hot weather in May. 
‘The principal diseases are small-pox, dysentery and fever, 


MALACCA. The town of Malacca lies on the 
southwest coast of the Malay Peninsula, in 2° 147 N, 
lat. and 102° 127 Ki, long. It is situated on a small 
river bearing its name, which separates it into two 
arts. That on the right bank is occupied by the old 
Dutch town, and that on the left by the business quar- 
ter, which is connected with the former by a small 
bridge, and is chiefly inhabited by Chinese and native 
traders. ‘The view of Malacca from the harbor is pic- 
turesque and pleasing to the eye. Krom Flagstaff 
Hill on the left—whose slopes are always of a bright 
emerald green—to St. John's Hill on the right, on 
which stand the ruins of the old ‘* Dutch redoubt,’?— 
hidden in a mass of wild vegetation,—stretches for a 
distance of about half a mile a row of spacious dwell- 
ing houses belonging to Huropean and wealthy Chinese 
and Arab residents. These houses are roofed with 
neat red tiles, and have windows opening to a stone 
verandah facing the sea. Hach house is surrounded 
by large “compound,” laid ont with a flower garden 
in front and a “plantation”? or orchard at the back. 
Adjoining this Kuropean quarter lies a large suburb 
of native and other dwellings almost concealed in a 
dense forest of beautiful fruit trees. Behind this we 
see a prominent green hill, formerly used as a fort, and 
now as a Chinese burial-ground, and beyond this the 
horizon is hemmed in by a long chain of the Bruong 
and Rumbow Hills, while far in the extveme east rises 
the jagged cone of Mount Ophir, blue as sapphire in 
the distance. 

Since the destruction (in 1807) of the old Portuguesa 
fort erected by Albuquerque, the ‘Santiquities’’ of 
Malacea are reduced to a mere name, At the foot of 
Mlagstaff Hill, however, are the remains of the massive 
wall which surrounded the hill, with an arched and 
carved gateway, On the summit of the hill, where a 
fine view is had of the harbor and the Water Islands, 
are the ruins of the first Christian church planted in 
Malayan territory, and also a portion of the old con- 
vent, At the back of this hill to the right may be 
noted the barracks, hospital, and conviet lines, and 
passing under some fine “angana’’ (rees—the shady 
elms of the Hast—we reach the garden of the old 
Dutch stadthouse, and then a green square, facing 
which are the court-house and other Government 
buildings, and the old Dutch church. All these build- 
ings have sloping roofs covered with small square tiles 
after the Dutch style of architecture of the 16th cen- 
tury. This is quite a unique example of Dutch domes- 
tio architecture in the Mast, and several of the adjoin- 
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ing streets still bear their Dutch designation, as 
“*Heren Straat,’’? ‘‘ Jonker Straat,” ete. he stadt- 
house is approached by a fine flight of stone steps, 
forming a covered way tothe upperrooms. ‘These are 


occupied by the governor of the Straits Settlements | , ra : 
‘the unique privileges of the children of Jacob, the 


and the judge during their annual or biennial visits, 
and those in the lower story are used as Government 
offices. From the interesting ruins of the Dutch re- 
doubt on St. John’s Hill an extensive view may be 
had of the country running around and to the north 
and south of Malacca. Its general aspect in the im- 
mediate vicinity is that of a flat country covered with 
luxuriant ‘‘ dusoons’’ or plantations of fruit trees, and 
extensive forests of tall timber; beyond this is an open 
country, interspersed with extensive plantations of 
tapioca, which at a distance resemble fields of clover; 
then follow rice-fields, and marshes or fens, and at the 
foot of the hills patches of yirgin forest, the whole be- 
ing walled in by a range of blue hills. The climate 
of Malacca is very healthy, and the thermometer in 
the shade ranges from 72° to 84° or even 90° Fahr. 
The population, which is not very large, consists of 
Malays of the surrounding countries, of Malacca Por- 
tuguese (the mixed descendants of early Portuguese 
settlers), of Chinese proper and a large number born 
of Malay mothers. ‘There is also a sprinkling of na- 
tives of India and of Arabs. The Malacca Portuguese 
employ themselves as fishermen, servants, and clerks; 
the rest are chiefly engaged in agricultural and com- 
mercial pursuits. 

In consequence of its shallow harbor, Malacca has been 
completely outstripped as a seaport by Singapore and 
Penang, though it still carries on a brisk trade with the 
surrounding countries in Malacca canes, stuffed birds of 
beautiful plumage, poultry, and large quantities of the 
most luscious fruits. The import and export returns show 
a large apparent increase in the trade,—the imports in 1880 
amounting to $3,817,848 (£812,303), and the exports to $3,- 
634,640, as against an average of $2,505,175 and $2,577,020, 
respectively for 1869-72; and, though Malacca has been a 
drag on the revenue of the colony generally, a marked in- 
crease is shown in the principal items of revenue, viz., in 
land rents, tenths in paddy, tapioca, and fruits, royalty on 
timber, and survey fees. In 1880 the revenue was $182,- 
323, and the expenditure $174,333, while the income and 
expenditure of the municipality in the same year were 
$22,428 and $18,899 respectively. The Government is im- 
proving the drainage of the country by clearing its natural 
watercourse. The municipality bas no debts, and the 
general progress of the settlement, during the year ending 
1880 must be regarded as satisfactory, with an increase 
under alinost every heading of revenue that bids fair to 
continue. 

See C. A. Cameron, Our Tropical Possessions in Malayan 
India, and Papers Relating to H. M. Colonial Possessions, 1879- 
1881. 

MALACHI. According to the title (Mal. i. 1) the 
last book of the minor prophets contains the word of 
Jehovah to Israel by the hand of Malachi. The word 
"D872 may either be an adjective, ‘‘angelic,’’ or may 
signify ‘the angel (messenger) of Jehovah.” In 
either case it seems a strange (though hardly impossi- 
ble) name for a man to bear, and from the time of the 
Septuagint, which translates ‘‘by the hand of His 
messenger,’ it has often been doubted whether Mal- 
achi is the real name of the author, or only an epithet 
assumed by himself, or attached by the collector to a 
work which he found anonymous (so Ewald), with ref- 
erence to iil. 1.1. A Hebrew tradition given in the 
Targum of Jonathan, and approved by Jerome, iden- 
tifies Malachi with Ezra the priest and scribe; but, 
though this opinion is ingeniously supported by refer- 
ence to ii. 7, where the priest and custodian of the law 
is called the messenger of Jehovah of hosts, it is un- 
likely that Hzra’s name would haye been lost had he 
been the real author.* 

1 Stade (Z. f. A_Tliche Wiss,, 1882, p. 308; comp. 1881, p. 14) thinks 
that the title in Mal. i. 1 is by the same hand as that in Zech. xii. 
1,and that both are eopied from Zech. ix. 1, under the miscon- 
ception. that SYD was to be construed with the following words. 


e LXX. rendering of i. 1 gave rise to strange fancies. ’ Je- 
rome and Cyril mention that some supposed the prophet to have 


| Jehovah’s blessing while the temple lay in ruins. 


MALACHI. 


The tradition, however, may at least be taken as 
implying the perception of a real affinity between the 
prophet and the great restorer of the law. The re- 
es spirit of Malachi’s prophecy is that of the 
prayers of Hzra and N sheliiels A strong sense of 


objects of electing love (i. 2), the children of the 
Divine Father (ii. 10), is combined with an equally 
strong assurance of Jehovah's righteousness amidst 
the many miseries that pressed on the unhappy in- 
habitants of Judea. At an earlier date the prophet 
Haggai had taught that the people could not pet 
n 
Malachi’s time the temple was built (i. 10) and the 
priests waited in their offices, but still a curse seemed 
to rest on the nation’s labors (iii. 9). ‘Yo Malachi the 
reason of this is plain. ‘The ‘law of Moses’? was for- 
gotten (iv. 4 [iii, 22|); let the people return to Jeho- 
vah, and He will return to them. It was vain to com- 
plain, saying, ‘‘ Every one that doeth evil is good in 
the eyes of Jehovah,” or ‘‘ Where is the God of judg- 
ment ?’’—vain to ask ‘‘ Wherein shall we return?” 
Obedience to the law is the sure path to blessing (il. 
17-iii. 12). 

Tt is not easy to say whether the law to which Mala- 

chi recalls the people is that which was established 
by the covenant taken under Hzra, or whether the 
wrophet wrote before that event. It is at least the 
Jeuteronomic law that is most familiar to him, as ap- 
pears from his use of the name Horeb for the moun- 
tain of the law, and the Deuteronomic phrase “ stat- 
utes and judgments’ (iv. 4), from his language as to 
tithes and offerings (iii. 8, 10, comp. Deut. xii. 11, 
xxvi. 12),f and especially from his conception of the 
priesthood as resting on a covenant with Levi (ii. 4 
sg.). The abuses of which he particularly complains 
are such as were found rampant by Ezra and Nehe- 
miah,—marriage with foreign women (ii, 11, comp. 
Hizra ix., Neh. xiii. 23 sg., Deut. vii. 3) and failure in 
payment of sacred dues (iii. 8 sg., comp. Neh. x. 34 sq., 
xiii. 10 sg., Deut. xxvi. 12 sg.). Add to this that the 
position of the priests had fallen into contempt (ii. 9 , 
and that the oral law is still one of their chief trusts 
(ii. 6 sqg.), and we shall be disposed to conclude that, 
if Malachi’s work did not precede the reformation of 
Ezra, it must have fallen very little later, and before 
the new order was thoroughly established. The 
prophecy of Joel shows the new theocracy in much 
fuller development. 

The object of Ezra and Nehemiah was to establish 
the law by means of the organs of government under 
warrant from the Great King. Malachi looks for ref- 
ormation in another direction. He ealls the people to 
repentance, and he enforces the call by proclaiming the 
approach of Jehovah in judgment against the sorcer- 
ers, the adulterers, the false swearers, the oppressors 
of the poor, the orphan, and the stranger. ‘Then it 
shall be seen that He is indeed a God of righteous 
judgment, distinguishing between those that serve 
Him and those that serve Him not. The Sun of 


been an angel in bodily form; and the Vite Prophetarum of 
Pseudo-Epiphanius have a “ word-myth”’ to the eflect that his 
prophecies were regularly confirmed by an angelic apparition, 
The same book will have it that Malachi was of the tribe of 
Zebulon, born in a town Sopha or Sophera, had his name fiom 
his great beauty, and died young, 

8 Malachi had the law of Deuteronomy in its present historical 
framework (the opening chapters), according to which all “the 
laws and statutes” apart from the Decalogue were given to Moses 
for Israel upon Horeb. This description would not hold good 
of the priestly legislation, which accordingly is hardly contem- 
plated in Mal, iv. 4 

4 Malachi indeed assumes that the “ whole tithe "—the Deuter- 
onomic phrase for the tithe in which the Levites shared—is not 
stored in each township, but brought into the treasury at the 
temple, But this was a modification of the Deuteronomie law 
naturally ealled for under the circumstances of the return from 
Babylon, and Neh, x, and xiii, produee the impression that it 
was not introduced for the first time by Ezra and Nehemiah, 
though the collection of the tithe was enforced by them, 

5 As the “governor” in i,8 is hardly Nehemiah, Kéhler and 
other recent writers think of the period between Nehemiah’s 


first and second visit to Jerusalem, when the evilseomplained of 
by the prophet broke out afresh. 
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Righteousness shall shine forth on those that fear 
Jehovah's name; they shall go forth with joy, and 
tread the wicked under foot. ‘The conception of the 
day of final decision, when Jehovah shall come sud- 
denly to His temple (iii. 1) and confound those who 
think the presumptuous godless happy (iii. 15), is 
taken from earlier prophets, but it receives a special 
character from an application of °a thought based on 
Isa. xl. 3. The day of Jehovah would be a curse not 
a blessing if it found the nation in its present state, 
the priests listlessly performing a fraudulent service 
(i. 7-ii. 9), the people bound by marriage to heathen 
women, while the tears of the daughters of Israel, 
thrust aside to make way for strangers, cover the altar 
(ii. 11-16), all faith in divine justice gone (ii. 17, iii. 
14 sq.), sorcery, uncleanness, falsehood, and oppression 
rampant (ili. 5), the house of God deprived of its 
dues (iii. 8), and the true fearers of God a little flock 
“seaigian together in private exercises of religion (per- 

aps the germ of the later synagogue) in the midst of 
a godless nation (iii. 16). That the day of Jehovah 
is delayed in such a state of things is but a new proof 
of His unchanging love (iii. 6), which refuses to con- 
sume the sons of Jacob. Meantime He is about to 
send His messenger to prepare His way before Him. 
The prophet Elijah must reappear to bring back the 
hearts of fathers and children before the great and ter- 
rible day of Jehovah come. Elijah was the advocate 
of national decision in the great concerns of Israel’s 
religion; and it is such decision, a clear recognition of 
what the service of Jehovah means, a purging of his 

rofessed worshippers from hypocritical and half- 

earted service (1.3) that Malachi with his intense 
religious earnestness sees to be the only salvation of 
the nation. 
ancient prophet to do the work for which later proph- 


In thus looking to the return of an! 


eey is too weak, Malachi unconsciously signalizes the | 


decay of the order of which he was one of the last 
representatives; and the somewhat mechanical meas- 


ure which he applies to the people’s sins, as for) 


example when he teaches that if the sacred dues were 


rightly paid prosperous seasons would at once return | 
(iii. 10), heralds the advent of that system of formal | 
legalism which thought that all religious duty could | 


be reduced to a system of set rules. It was left to a 
greater Teacher to show that hypoerisy and yain 
religion might coexist with Pharisaic exactness in 
the observance of the whole letter of the law. Yet 
Malachi himself is no mere formalist. ‘To him, as to 
the Deuteronomie legislation, the forms of legal obser- 
_ vanees are of value only as the fitting expression of Is- 
rael’s peculiar sonship and service, and he shows him- 
self a true prophet when he contrasts the worthless 
ministry of unwilling priests with the pure offering of 
rayer and praise that rises from all corners of the 
hs hae dispersion (i.11), or when he asserts the 
brotherhood of all Israelites under their one Father 
(ii. 10), not merely asa ground of separation from the 
heathen, but as inconsistent with the selfish and cruel 
freedom of divorce current in his time. It is char- 
acteristic of later Judaism that an arbitrary exegesis 
transformed this anticipation of the doctrine of mar- 
riage laid down in the gospel into an express sanction 
ee right of the husband to put away his wife at 
will. ; 
The style of Malachi, like his argument, corresponds 
in its generally prosaic character to that transformation 
or decay of propheey which began with Kzekiel ; and 
Ewald has rightly called attention to the fact that the 
conduct of the argument already shows traces of the 
dialectic manner of the schools. Yet there is a simple 
dignity in the manner not unworthy of a prophet, and 
rising from time to time to poetical rhythm. 


1In ii. 16 the Targum renders “If thou hatest her put her 
away,” and this translation seems to be intended by the Masso- 
retic punctuation, We should probably point $)W in the sense 
of Arabic makréh, used of actions not illegal but offensive to 
right feeling, 
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The exegetical helps to the study of Malachi are mainly 
the same as have been already cited in the article HAGGAL. 
Reference may also be made to the lengthy commentary 
of Reinke (Roman Catholi¢), 1856; to M. Singer, Maleachi, 
eine exegelische Studie, 1867; and among older commentaries 
to that of Pococke (2d ed., 1692). (W. R. 8.) 


MALACHITE, an ore of copper, presenting in its 
finer varieties a beautiful green color which has led to 
its use as an ornamental stone. It is chemically a 
hydrated basic carbonate of copper, and appears. to 
have been formed in most cases by the action of mete- 
orie agencies on native copper, red oxide of copper, 
copper pyrites, and other ores. Upon these minerals 
the malachite frequently forms an incrustation. Al- 
though occasionally found in crystals belonging to the 
monoclinic system, its usual mode of occurrence is in 
stalactitic and stalagmitie forms,—frequently with a 
globular, botryoidal, or mammillated surface ; while m 
other cases it forms compact and even earthy masses. 
The stalagmitic varieties display, when fractured, a 


beautiful internal structure, being made up of 
concentric zones of light and dark tints; and it 


is upon this structure that much of the beauty 
of polished malachite depends. The colors in- 
clude various shades of apple-green, emerald- 
green, and verdigris-green. Certain varieties of the 
mineral exhibit, when fractured, a finely fibrous text- 
ure and soft silky lustre. The name malachite is de- 
rived from pasay4 (the mallow), in allusion to the re- 
semblance of the color of the mineral to that of mallow 
leaves. Malachite was probably one of the green 
minerals described by Theophrastus under the general 
name of oudpayso¢g, or emerald. It is believed to have 
been the smaragdus medicus of Pliny, while the molo- 
chit’s of that author does not appear to have represented 
our modern malachite. Malachite is a mineral of very 
wide geographical distribution, being found more or 
less abundantly in the upper part of most deposits 
of copper ore. The finer varieties, such as lend them- 
selves to purposes of ornament, are, however, found 
only in Siberia, in Australia, and at Bembe on the 
west coast of Africa. Probably the finest deposits in 
the world were those discovered some years ago in 
Prince Demidoff’s mines at Nijni Tagilsk, in the goy- 
ernment of Ekaterinburg, on the Siberian side of the 
Ural mountains. The mineral is highly prized in 
Russia for use in mosaic work, and for the manufac- 
ture of vases, snuff boxes, and other small ornaments. 
Magnificent examples of malachite work, in the shape 
of mantelpieces, folding doors, tables, chairs, and other 
articles of furniture, have occasionally been executed. 
Such objects are veneered with thin slabs of malachite 
ingeniously fitted together so as to preserve the pat- 
tern, and having the interspaces between the compo- 
nent pieces filled up with a cement formed of small 
fragments of the malachite itself. The mineral is sawn 
into slabs, ground smooth with emery, and _ finally 
polished with tripoli, Although its degree of hardness 
1s only from 3.5 to 4, it takes an excellent polish. It 
is rather denser than marble, its specific gravity being 
3.7 to 4; but it is much more difficult to work, in con- 
sequence of its tendency to break along the planes of 
deposition. Malachite is occasionally used for cameo- 
work, but not with great success; some fine antique 
cameos in malachite are, however, known. The min- 
eral has also been ground to powder, and used as a 
pigment under the name of mountain-green. The 
coarser masses are extensively used as ores of copper, 
malachite containing about 57 per cent. of metal. The 
mineral called azurite or chessylite, a hydrated basic 
carbonate of copper closely resembling malachite, save 
in color, is occasionly known as blue malachite. 
MALACHY, Sr. (c. 1094-1148), otherwise known 
as Maelmaedog Ua Morgair, for some time archbishop 
of Armagh, and afterwards papal legate in Ireland, 
was born of noble parentage at Armagh about the year 
1094, early gained a high reputation for sanctity, and 
was ordained to the priesthood at the age of twenty- 


ots 


five (hiety being ab that tine, aeaording to hia biog 
mipher Sb Porn, tha oanonionl awe) Mor some 
(ine he wie ormployod ae view by Archbishop Oel 


Ald ov Coallioh of Atmiah, and in this enpacity wae 


auccodalil in alfoating throughout the diovese many 
Hmporiinl volotnd di the diveetion of ineveased: eon 
formity with (he usage of the Ohireh of Rome y after 
witild he undertook the government of the decayed 
monnsbory of Bangor ov Benehor, i whit ia now kavown 
ad county Downy mid ninde iba floutiahing: seminary 
of loaning and plety, When thirty yous of age he 
Wis dhowen ind consaerated: bishop of Connor, after 
(he anol of (hat place by the ling of Ulster he with 
dew into Mimnetor and built the monastery of Tene, 
Mowiwlile he had been dogignated by Golsua Gi whose 
Hinily the ee of Armagh had been hoeveditury for 
miiny yours) bo suacdod hin in the avehbishopries re 
Tatwntly Dil ditidly da the interosta of reform he 
woweplod the dignity, and thi beowne tavolyved for 
aoe youd ih on abriwle with the soecallod heirs, 
Thavinw finally aattlod: the diceewa he, ad had) been 
previously atipulated by Dimeell) was permitted to 
recur to hie former diogewe, or rather, it baying 
in the mennwhile been divided, to the smaller and 
outer portion ab ity the bishoprie of Down, whore 
WW foonwanived & house of rout elorpy, In 1130 
Nhe web otk fom Troland with the prarpose of aolk 
oiling Ani the pope the pati for the avohbishop 
of Avmael) on tie way to Rome le visited Chiirvaius, 
ANd Chia began a Hfedone Celondahip with St. Bor 
nov, Who auryvived to write lid biography,  Malaehy 
Waa received by Tnnoeent Eh with eveat honor, and 
mide lowate ta treland, thoweh he did not at once obtain 
(he pallivi) on tie way homeward he revisited Chir 
vitix, wud book With Din from thenee fone mom bers of 
tho Ciatorainn order, by whom the abbey of Mellifont 
Wie aflarwarde founded in didi. Mor the next eieht 
yourw after Hin retina from Tome, Malachy waa active 
1 the divcharoe of hia lowatine ditties, and in ti48 he 
vooalved frome Choe bishopa ol Trelind a commission to 
return to Tome and mate fowl applieation for the 
palliim; ho did) not, however, get beyond Clairvaux, 
where he died on November’, tia. Tho objeat of 
Win fh wae poatived four youre afterwards, tn 1E69, 
diving the lepatoahip of hig auacossor (see TRbAND, 
vol xith py BOL) Malwehy was eanonived by Cle 
mont LA 

MALAGA, wiiaitime province of Spain, one of 
the oiwht modern aubdivisions ol Andalietia, ia bounded 
on the Wy by Gadiv, on the No by Seville and Cordova, 
on the Uy by Granada, andon the S. by the Meditor 
nineany Havin An area oF BSB aquave miles, and a 
population C&e%) of b00.281, "Phe rive from the sea 
fa rapid, and the average clovation of the provinee is 
vonmideriblo, OF the iiimerons aierasy may be mon 
tioned Chat of Aliana, departing the provinee from 
Cindi, and atone point vain above TO00 feet) its 
Wontwant continuation inthe Slorra de Abdalais and 


the Axarguia between Andoquera and Malaga y and) 


Wok Hie fom the Chdiy boundary che Storms de Ronda, 
do Mijas, de Rolox, and Bormaja, converging and eal 
WAC TW MITE OF nearly G500 feeb The prineipal 
Nyer ia the Gaadalhoroo, which rises in the Sierra de 
Atiaiiay and ator a woatorly eourse past the vielaity 
of Antaquora, bonds wouthward through the wild defile 
of Pofhamubia and the boautifil yeaa or vale of Malaga, 
(ling into Che @ow near that ele. The only other 
conmlderablo adveam ta the Giwdiavo, whieh has the 
wroator part of ita conmae within Che provinee, and flows 
pat Ronda, ‘Phe mountains ave viel in ainerala <= 


oad, niekel, and (in the neighborhood of Marbella) 


inon being obtained or obtainable in lawe quantitios, 
hore are mitieh frequented warn springs of sulphu: 
pottod Hydrogen at the bathe of Caurmatrea,  Thoueh 
the methods of agriouliuwe ave Cor Che most part mide, 
the yiekl of wheat in good seasons ia considerably in 
exoows Of the looal demands and large quantities of 
prapes and valgings omvngos and lomons, figs and 
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calmonda, aro annnally exported. The oil and wines of 
Malaga ave aldo highly esteomed ; wad in reeent years 
ospouially dines the phylloxera invasion, the growth of 
the sivarcane has developed into a considerable in= 
dustvy. tn 1880 the total production of wine within 


tho ble pe was estitatod wt about 6,250,000 gallons s 
of (hid amount about 1,575,000 gallons were exported 


(1,000,000 gallons to Great Britain and the continent 
of Winope, and the remainder chiefly to South America 
and the Spanish colonies). In 1879 about 1,400,000 
plone of olive oil were exported, chiefly to the Baltie, 
Che sugar produced in L880 was caleulated to amount 
to about 6650 tons, The internal communications of 
the province are in many parts, owing to the broken 
nature of the surface, vory defectives it is traversed, 
however, from north to south by the Cordova-Malaga 
Railway, which sends off a branch, recently made eon- 
tinnous, from Bobadilla to Granada, The only towns 
With w population exeeeding 10,000 are Malvea (the 
capital), Antequera, Ronda, and Veloz Malaga, 
MALAGA, the capital of the above provinee, and, next 
(o Barcelona, the most important seaport of Spain, is 
finely ditiated on the Mediterranean coast, at the 
southern base of the group of hills known to history as 
the Axarquia, and at the eastern extremity of the fer- 
tilo vow of Malaga (86° 437 .N, lat., 4° 257 W. long.) 
Tho population in 1877 was 116,882. In the clearness 
of its aky, whieh a cloud rarely obscures, and the 
boautiful sweep of its bay, Malaga has sometimes been 
wompared bo Naples ‘The climate is one of the mild- 
ost and most equable in Murope, the mean annual 
tomporature being 66.7° Bahr, (55.6° in winter, 80,4° 
in summer); the yearly averave of mainy days is thirty- 
ning, and the rainfall is slightly under 16 inches, ‘The 
town lio principally on the loft bank of a mountain 
torront, the Guadalmedina (“river of the eity’’) ; the 
atroota near the sea are spacious and comparatively 
modem, but those in the older parts of the town, 
where the buildings are huddled around the ancient 
citadel, are narrow, winding, and often dilapidated, 
hore are various squares or plazas and public prome- 
nadoa; of the former the most important are the 
Playa do Riewo (containing the monument to General 
'Norijos, who, along with forty-eight others, was exe- 
outed in Malaga in I88t) and the Plaza de la Consti- 
(ueions adjoining the quay is the fine Paseo de la 
Alamoda, ‘Tho town has no public buildings of com- 
manding importance architecturally or historically. 
The buthedvel, on the site of the ancient mosque, was 
begun about Lo28, in the Giweo-Roman style; after 
the works had been once tnd again interrupted and 
posted, ib was comploted to its present state in the 
Ikth century, and is in consequence an obtrusive ree- 
ord of the degeneration of Spanish arehiteeture, The 
woodwork of the choir, however, is worthy of atten- 
tion, Thoehureh of KL Cristo do la Victoria contains 
some rolics of the sieve by the ‘ Catholic kings’? Of 
the old’ Moorish “S Atiravanas’? or arsenal ontaeinnete 
horseshoe gateway now romains, the rest of the site 
boing ohiotly oeoupied by an iron strueture used as a 
moatand provision market; the ‘ Aleazaba’? or citadel 
thas entirely disappeared, ‘The eastle of Gibralfaro, on 
ha bold eminence to the northeast, dating from the 18th 
Feentnny, is still in fairly good preservation, The har 
bor, which in the beginning of the present century 
was doop enough to float a line-ofbattle ship, has 
in rocont years beon permitted to silt up, so that it 
is not now safe for vessols drawing more than 18 feet 
‘to enter, — Those aro consequently obliged to He in 
the roads outside, and receive and discharge cargo by 
moans of lighters, New harbor works were begun 
in I880, but from time to tine have been suspended, 
and only some YO yards of the new eastern mole 
(about one-fourth of the intended length) have been 
constructed in Oetober, 882. The trade of the port 
iv chiefly in the products of the provinee,—lead, wine, 
raising, oranges, lemons, figs, and esparto being the 
staples, ‘he most active period is from the middle of 
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August to the end of October. In 1880 the total quan- 
tity of muscatel raisins exported was estimated at 
1,864,000 boxes (of 25 tb each), 35,500 frails (of 25 tb), 
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cause of ague is denoted with sufficient etymological 
accuracy by the word malaria. 
A single paroxysm of simple ague is much the same 


and 15,000 barrels (of 50 tb); of this amount more in all countries, temperate, subtropical, or tropical. It 
than half was sent to the United States of America, may come upon the patient in the midst of good health, 
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and the remainder to other countries (chiefly Great 
Britain, France, and Germany). In the same year 


60,000 boxes of lemons and 21,500 boxes of oranges | 


were shipped, besides 20,000 barrels of muscatel grapes. 


The wine exported in 1879 was only 1,400,000 gallons | 
as against 3,108,000 in 1878; the lead 310,251 ewts. as | 
The olive oil is sent | 


chore 481,021 cwts. in 1878. 
chiefly to the Baltic. The principal imports are cval 
(41,822 tons in 1878), codfish, timber, pig-iron, hard- 
ware, machinery, and rails. 


Malaga is the Mé\aka of Strabo (iii, 156) and Ptolemy (ii. 
4,7),and the Malaca federatorum of Pliny (iii. 3). The 
place seems to have been of some importance even during 
the Carthaginian period ; underthe Romans it became a mu- 
nicipium, and under the Visigoths an episcopal see. After 


' the battle of Guadalete it passed into the possession of the 
~ Arabs, and soon came to be regarded as one of the most im- 


portant cities of Andalucia. It was attached to the caliphate 
of Cordoba, but on the fall of the Omayyad dynasty it be- 
came for a short time the capital of an independent king- 
dom; afterwards it was dependent on Granada. In 1487 it 
was taken and treated with great harshness by Ferdinand 
and Isabella after a protracted siege. In 1810 it suffered 
much from the French general Sebastiana. 


MALARIA, an Italian colloquial word (from mala, 
bad, and aria, air), introduced into English medical 
literature by Macculloch (1827) as a substitute for 
the more restricted terms marsh miasm or paludal 
poison. By very general consent the word is under- 
stood to mean an actual poisonous substance existing 
as a separate entity, and giving rise to the definite un- 
healthy condition of body known by a variety of names, 
such as ague, intermittent (and remittent) fever, marsh 
fever, jungle fever, hill fever, ‘*fever of the country,’’and 
“fever andague.’’ By a figure of speech, the name 
of malaria is often applied to the disease itself’; strictly 
speaking, the effects on the human body are ** mala- 
rial fever,” or manifestations of the ‘“‘malarial pro- 
cess.”’ The existence of a specific malaria-poison is a 
pure hypothesis; and it has been attempted by a re- 
spectable minority to dispense with the hypothesis of 
an actual poisonous agent, and to find the cause of in- 
termittents and remittents in the excessive and sudden 
abstraction of heat through damp and cold after sun- 
set from: the bodies of individuals who had previously 
endured great solar heat. In either view, the unknown 
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land to the extremities; the skin 


or it may be preceded by some maliise. The 
ague-fit begins with chills proceeding as if from 
the lower part of the back, and gradually extend- 
ing until the coldness overtakes the whole body. 
Tremors of the muscles, more or Jess violent, 
accompany the cold sensations, beginning with 
the muscles of the lower jaw (chattering of the 
teeth), and extending to the extremities and 
trunk. he expression has meanwhile changed : 
the face is pale or livid; there are dark rings un- 
der the eyes ; the features are pinched and sharp, 
and the whole skin shrunken; the fingers are 
dead white, and the nails blue. All those symp- 
toms are referable to spasmodic constriction of 
the small surface arteries, the pulse at the wrist 
being itself small, hard, and quick. In the interior 
organs there are indications of a compensating 
accumulation of blood, such as swelling of the 
spleen, engorgement (very rarely rupture) of the 
heart, with a feeling of oppression in the chest, 
and a copious flow of clear and watery urine from 
the congested kidneys. The body temperature 
will have risen suddenly from the normal to 103° 
or higher. ‘This first or cold stage of the par- 
oxysm varies much in length ; in temperate cli- 
mates it lasts from one to two hours, while in 
tropical and subtropical countries it may be short- 
ened. It’is followed by the stage of dry heat, 
which will be prolonged in proportion as the previous 
stage is curtailed, The feeling of heav is at first an 
internal one, but it spreads outwards to the surface 
becomes warm 
and red, but remains dry; the pulse becomes 
softer and more full, but still quick; and throbbings 
occur in exposed arteries, such as the temporal. 
The spleen continues to enlarge; the urine is now 
scanty and high-colored; the body temperature still 
rises (up to 104° or 105° or even higher); there is 
considerable thirst ; and there is the usual intellectual 
unfitness, and it may be confusion, of the feverish state. 
This period of dry heat, having lasted three or four 
hours or longer, comes to an end in perspiration, at 
first a mere moistness of the skin, passing into sweating 
that may be profuse and even drenching. Sleep may 
overtake the patient in the midst of the sweating stage, 
and he awakes, not without some feeling of what he 
has passed through, but on the whole well, with the 
temperature fallen almost or altogether to the normal, 
or it may be even below the normal, the pulse moder- 
ate and full, the spleen again of its ordinary size; the 
urine that is passed after the paroxysm deposits a thick 
brick-red sediment of urates. The three stages to- 
gether will probably have lasted six to twelve hours. 
The paroxysm is followed by a definite interval in which 
there is not only no fever, but even a fair degree of 
bodily comfort and fitness ; this is the intermission of 
the fever. Another paroxysm begins at or near the 
same hour next day (quotidian ague), or the interval 
may be forty-eight hours (tertian ague), or seventy-two 
hours (quartan ague). It is the general rule, with fre- 
quent exceptions, that the quotidian paroxysm comes on 
in the morning, the tertian about noon, and the quartan 
inthe afternoon, Another rule is that the quartan has 
the longest cold stage, while its paroxysm is shortest as 
a whole: the quotidian has the shortest cold stage and 
along hot stage, while its paroxysm is longest as a 
whole. ‘The point common to the various forms of 
ague is that the paroxysm ceases about midnight or 
early morning. Quotidian intermittent is on the whole 
more common than tertian in hot countries ; elsewhere 
the tertian is the usual type, and quartan is only ocea- 
sional. 

If the first paroxysm should not cease within the 
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twenty-four hours, the fever is not reckoned as an in- 
termittent, but as a remittent. 

Remittent is anot unusual form of the malarial pro- 
cess in tropical and subtropical countries, and in some 
localities or in some seasons itis more common than 
intermittent. It may be said to arise out of that type 
of intermittent in which the cold stage is shortened 
while the hot stage tends to be prolonged. A certain 
abatement or remission of the feyer takes place, with 
or without sweating, but there is'no true intermission 
or interval of absolute apyrexia., The periodicity shows 
itself in the form of an exacerbation of the still continu- 
ing fever, and that exacerbation may take place twenty- 
four hours.after the first onset, or the interval may be 
only half that period, or it may be double. A fever 
that is to be remittent will usually declare itself from the 
outset; it begins with chills, but without the shivering 
and shaking fit of the intermittent; the hot stage soon 
follows, presenting the same characters as the prolonged 
hot stage of a quotidian, with the frequent addition of 
bilious symptoms, and it may be even of jaundice and 
of tenderness over the stomach and liver, ‘Towards 
morning the fever abates ; the pulse falls in frequency, 
but does not come down to the normal ; pete and 
aching in the loins and limbs become less, but do not 
cease altogether; the body temperature falls, but does 
not touch the level of apyrexia, The remission or 
abatement lasts generally throughout the morning; 
and about noon there is an exacerbation, seldom 
ushered in by chills, which continues till the early morn- 
ing following, when itremits or abates as before, A 
patient with remittent may get well in a week, under 
treatment, but the fever may go on for several weeks ; 
the return to health is often announeed by the fever as- 
suming the intermittent type, orin other words, by the 
remissions touching the level of absolute apyrexia. 
Remittent fevers (as well as intermittents) vary consid- 
erably in intensity ; Some cases are intense from the 
outset, or pernicious, with aggravation of all the symp 
toms—leading to stupor, delirium, collapse, intense 
jaundice, blood in the stools, blood and albumen in the 
urine, and, it may be, suppression of urine followed by 
convulsions. ‘The severe forms of intermittent are 
most apt to oceur in the very young, or in the aged, or 
in debilitated persons generally. Milder cases of mala- 
rial fever are apt to become dangerous from the com- 
plications of dysentery, bronchitis, or pneumonia. 
Severe remittents (pernicious or bilious remittents) 
approximate to the type of yellow fever, which is con- 
ventionally limited to epidemic outbreaks in western 
longitudes and onthe west coast of Africa. Blood in 
the urine has been described by several recent writers 
as distinctive of a form of bilious remittent occurring 
at a number of malarious localities in the tropical zone 
of both hemispheres. The remittent type occurs 
wherever and whenever the malarial Hr ie are 
severe; when it has appeared in colder climates, it has 
usually been at the height of an epidemic of intermit- 
tent. With all the foregoing statements, it should be 
borne in mind that anomalies are frequent. 

Of the mortality due to malarial disease a small part 
only is referable to the direct attack of intermittent, 
and chiefly to the fever in its pernicious form, Remit- 
tent fever is much more fatal in its direct attack; it 
often kills in the first few days, according to its initial 
intensity or the severity of the complications, But 

robably the greater part of the enormous total of 

eaths set down to malaria is due to the malariul 
cachexia. ‘he malarial cachexia may be either the 
sequel of one or more actual attacks of fever, or it may 
arise insidiously in those who inhabit a malarious dis- 
trict and have never experienced the sharp paroxysms 
of fever. In the latter case, malariais almost as much 
an ethnological as a pathological factor, The dwellers 
in a malarious region like the Terai (at the foot of the 
Himalayas) are miserable, listless, and ugly, with large 
heads and particularly prominent ears, flat noses, tumid 
bellies, slender limbs, and sallow complexions; the 
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children are impregnated with malaria from their birth, 
and their fel is attended with aberrations from the 
normal which practically amount to the disease of 
rickets. The malarial eachoxia that follows definite 
attacks of ague consists in a state of ikdefined suffer. 
ing, associated with a sallow skin, enlarged spleen and 
liver, and sometimes with dropay, 

Nearly allied to the malarial eachoxia is the so-called 
state of mashed ague. Many common ailments have 
been set down to mataria, without sufficient reason 5 
but there is hardly any doubt that intermittent parox= 
yams of neuralgia, especially of the suprceeoiiel meres 
(brow-ague) and of the infra-orbital (¢/e doulourena), 
are often malarial in origin, hese non-febrile effeets 
are apt to follow exposure to malaria; they ooo (not 
exclusively) in those who have had fever and ague; 
they are sometimes accompanied by sugwestions of the 
cold, and hot, and sweating stages of the trae parox- 
ysm; and they often yield to the great anti-malarial 
remedy, quinine, Such patients have the general ill- 
health and suffering, as well as che pallor of the mala. 
rial cachexia, 

The morbid anatomy of malarial foyers is chiefly 
confined bo congestions and enlargements (with textural 
changes) of the spleen and liver, One of the most 
silient pathological frets is the oecurrenee of black 
jgment in the blood, and deposits of it in the spleen, 
ts and other parts. ‘The malarial process sometimes 
leads to uleerations and sloughing of the mucous meme 
brane of the great intestine, not distinguishable from 
those of dysentery, The malarial fover of Rome is 
often associated with more or less of swelling and, it 
may be, even ulceration of the lymphatie follicles of 
the small intestine, as in typhoid fevers the same ani: 
tomieal condition was associated with much of the 
malarial fever of the American Civil War (typhoemal- 
aria, ) 

Geographical Distribution and Prevalence. —Malaria 
has beon estimated to produce one-half of the entire 
mortality of the human race; and, inasmuch as it is 
the most frequent cause of sickness and death in those 
parts of the globe that are most donsely populated, 
the estimate may be taken as at least rhetoricully cor 
rect, 

Tn the British Tslands, sporadic cases of ague may 
oceur anywhere; but malaria is not now endemic ex- 
cept in a few localities, among which may be mentioned 
certain parishes on the Hssex side of the Thames es 
tuary. te I'rance there are several distriets that are 
still notoriously malarious. In the interior these are 
chiefly found in the valley of the Loire (Sologne) and 
of its tributary the Indre (Brenne), and also the yalley 
of the Rhone, more particularly near the confluence 
of the Sadne (Dombes, Bresse), lvanee has two erent 
coast regions of malaria, —the one on the Atlantio seas 
board, from the estuary of the Loire to the Pyrenees, 
with ospecial. intensity in the Charente, and tho other 
on the Mediterranean coast, from the Pyrenees to the 
Rhone delta, The most considerable malarious district 
of Switzerland is in the Rhone valley from Sion to the 
Lake of Geneva. In Germany, the upper valley of 
the Rhine and the sources of the Danube have a cer 
tain character for malaria; but it is ehiefly on the 
western seaboard of Sehleswig-lHolstein and in the 
moors and marshes of Oldenburg, LLanover, and West= 
yhalia that the disease is endemic, Scarecly any prov- 
ince of Holland ean be said to be quite free from it, 
while Groningen, Friesland, and Zealand (with braolk= 
ish marshes) are the most unhealthy. The parts of 
Belgium that are almost or altogethor exempt are the 
high-lying districts of Brabant, Namur, and Lidge, Tn 
Sweden, malaria is endemic in the central depression 
of the country (especially on the shoros of Lake Wener), 
and it has of late years spread northwards in epidemic 
outbreaks. or the countries of southern and eastern 
Europe (Spain and Portugal, Ttaly, Hungary and other 
Danubian states, Turkey, Greece, southern Russia), 
the language used to deseribe the prevalonee of malas 
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ria has to be pitched in asomewhat higher key. There 
are certain pestilential districts of those countries 
where almost the half of the population suffers 


from ague, and there are even limited areas which are | 


too malarious to be inhabited. The lower basin of the 
Danube (from above Vienna to the Black Sea), and 
the basin of its tributary the Theiss, are in the first 
rank, Both sides of the Adviatic have malarious lo- 
calities, the chief being the delta of the Po and the 
Gulf of Comaecio; among other unhealthy parts of 
Italy are the strip of coast from Pisa to Civita Vee- 
chia (Maremma), the Roman Campagna, the Pontine 
Marshes, the neighborhood of Capua, and the Noa- 
politan and Calabrian coasts. Sicily is highly malari- 
ous, both in the plains and in a foe kd districts} and 


that is equally the character of Sardinia, Corsica, and | 


the Balearic Isles. Greece, the Tonian Islands, and 
Crete take a high place among Huropean malarious 
countries ; there are also numerous unhealthy localities 
on the shores of the Caspian and Black Seas and in 
Asia Minor, For countries in both hemispheres situ 
ated between 385° N. and 20° 8., to deseribe the preva- 
lence of malaria in detail would be practically to give 
the whole geography within those latitudes. The re- 
gions of special intensity are the west coast of Africa, 


the American seaboard (with the West Indies) from | 


the Gulf of Mexico to Pernambueo, parts of India 
(the Terai, the Doab, the Sunderbunds), parts of Suma- 
tra, of Java, and of Borneo. Gibraltar, Malta, Aden, 
Singapore, and Manila enjoy a comparative immunity 
from fever; the healthiest islands of the West Indies 
are Barbados, St. Vineent, and Antigua, 

In England, the fen district of the eastern counties, 
Romney Marsh in Kent, and the marsh district of 
Somerset have in great part ceased to be malarious 
within recent memory; and there has been a propor 
tionate improvement, through drainage, in most parts 
of Holland, in some of the malarious districts of France 
and Italy, and in Algiers. Portsmouth in Mngland 
and Rochefort in France are examples of towns that 
have entirely lost their evil repute for malaria; and 
there are many towns in the United States, as well as 
in the Hast, which are much less malarious than they 
used to be. Wherever malarial fevers have become 
less frequent, they have also become milder in type. 
On the other hand, malaria has become intense where 
it was formerly unimportant or altogether unknown, 
It is ineredible that the Roman Gampagna could have 
been so malarious at the time of the empire as it 
is now; places on the coast, such as Ostia and Palo 
(Alsium), which are now almost uninhabitable in sume 
mer, were then the favorite summer resorts of the 
rich ; while the Campagna, which is now almost en- 

tirely giyen up to pasturage, was not only densely poptt- 
lated, but was even specially commended as adletiet 
ous. In North Africa, Asia Minor, and the Mast, 
malaria has taken possession of the ruined sites of an- 
‘cient cities, and of large tracts of land that must have 
been at one time highly cultivated, but are now tree 
less, barren, and sometimes marshy. Of recent yorrs 
malaria has appeared in Réunion and Mauritius, and 
it has reappeared in Conneetieut; in the two islands 
the associated circumstances are somewhat eompli- 
cated, but they relate to changes in the cultivated 
area, The reappearance of ague in New Hngland 
and the recent appearance of a formof masked ague in 
New York and elsewhere are at present tmaccounted 
for. Harthquakes were said by older writers to have 
brought malaria to a locality ; a recent and well-authon- 
ticated instance is that of Amboyna in the Moluceas, 
which has become strikinuly unhealthy since the earth- 
quakes that occurred in it m 1835, 

Among the numerous military enterprises into whose 

records malaria enters largely may be mentioned the 
expedition against Carthagena elit the Walcheren 

expedition (isto), and the capture of Rangoon (1824). 
nt enterprises in which malarial fever has been a 
great factor are the expedition against Achin by the 
i Vou. XV.—708 
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‘Dutch (1873), the oeeupation of Cyprus by the Min 
‘lish (1878), and the subjugation of Minis hy the Mreneh 
| (1881), Sehemes of eolonivations auch aa the Darien 
scheme (1701), have sometimes been fistrated hy 
malaria, Of historioal personawes, Fania band Crom 
well died in) London of atarial foyer, the lateer ola 
pernicious tertian, 

There have been numerous histovioal epidenioa of 
intermittent and vemittont lover, thom Chat of [657-68 
(which spread over all Murope) down to that ol IN7y, 
which prevailed simultaneously in Hivope, Novth 
America, and southern Tndia, ‘The epidenie or pan 
deme provalence of intermittent and vemitlent fever 
in eortain years probably finda ite explanation in the 
hmeteorology of those years, bub to wniforn law tae 
been diseovered, Whenever malaria tna eottlod en 
demioally in a new locality, there had) been epiden 
ies coming and going for some bine prayviguels 

Malarious Localities, —VThe most militious loonlities 
ard the deltas and eatuaties of rivers (Gainwea, Wu 
phrates, Po, Mississippi, Orinoeo), low-lying country 
that is apt to be inindated (Danubian atates), (ropleal 
or subtropical foresta in which there ia a moist atme 
sphere, with stagnation of the air and tank vowotation 
(jungles), tracts of land Chat have been cleaved of trees 
and have gone out of cultivation, being i more eneas 
dry than wet (Homan Chmpaena, Pisoni Meena, 
many parts of Persian, Asin Minor, and North Atrioa, 
inchiding tho sites of viined cities), inland eyan pa ane 
marshes (Ponting Marshes), and aitimbtiona on the cone 
where the tidal and fresh water join to fori benelieh 
marshes (nangrove awainpa of the Weal Tadiin, Con 
tral Amerioan, Brayvilian, and Weat Afiienn costa), 
The mangrove is associited with the niosh powtilential 
localities; it eprings “like adminiative forest out of the 
eroasy mud-banks, the bright green eolorol the bushes 
reminding one of the rank grass ina ehirelyard (0 
Darwin), Tn all those loealitios Chere jaa soil, asually 
wo but sometimes dry, rel in the products of yoweta 
ble decay; the soil has been either deposited hy rivers 
and tides, or it las formed on the apot out of the wn 
disturbed vecumulation of deeayine vowetation season 
after season over along period, There is, however, 
a second wreat class of matarious lovalities, ciatin 
guished by characters that are to some extent (he op 
vosite of the foregoing, These ato barren rocks 
lonian Islands, Plong Tong, parte of Taldebistun, 
Jo Los Telands near Sierra Leone); high Gable lands 


|more or lesa barren (Decenn, Mysore, Porsin, New 
| Onatile) ; mountainous regions (Andes, Tooky Moun 


tains); praivies of North Amerion and savanna of 
Venezuela and Bravil; sandy plains (North Aten, 
Rajputana, Sindh), A somewhat exceptional loaality 
for malaria ia on board ship ab sony there are several 
woll-atthentiontod instances of epidemie outbrantes 
ab seu, in mosh eases referred to the putrid bilge 
water, and in one case to a cargo of wet deals from the 
Baltic, 

Thore ave several localities whose exemption fom 
malaria has been thouwht romarkable, Amon these, 
Singapore has long beon noted) other instances ave 
the cian (as commparod with ite Geibitaries and 
with the Orinoeo) the pampas of the La Phat and the 
Parana, marshy parte of Austealin, New Zealand, and 
New Caledonia, and the marshy Bermudas The ex 
planation given of the exemption of Singapore, where 
many of the supposed malarial conditions are present, 
id that the range of temperature (dina! and an 
ntial) is small; the explanation for the Amazon is that 
a wind constantly blows up the river Crom (he sen (ot 
reaching the side streams), which serves to equalive 
the day and night temporative and to obyinte the 
nocturnal radiation of hent, 

Matarious Seasons In temperate climates aiatinn 
‘is the season when malaria prevail most, "Ta the 
atimn, and after the harvest has been gathered, 
when the ground is covered with its debris, when the 
rain falls in torrents and when the solar leat tie no 
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quired its greatest intensity, all the conditions of| in localities situated ata height of 7000 to 9000 feet 


greatest quantity of vegetable matter, of moisture, and 
of highest temperature are united, so that the season 
which realizes the hopes of the husbandman is the 
period of pestilence and of his greatest danger”’ (R. 
Williams). In the equatorial regions of the Kast 
Indies, Africa, and America, the rainy season (May to 
July or August) is most unhealthy, and_ especially the 
time of commencement of the rains and the time of ces- 
sation; on the west coast of Africa the months of Feb- 
ruary, March, and April, which are the hottest months 
of the year, are at the same time the most healthy. 
But while autumn and the time of the rains are the 
malarious season for those localities that are distin- 
guished by wet soil, rank vegetation, ete., it is sum- 
mer or the time of extreme heat and drought, that is 
the unhealthy season for the localities distinguished by 
dryness of the soil and often by barrenness. The hill 
fever of the Deccan and Mysore is often most preva- 
lent and most severe in the hottest and driest seasons ; 
in Algeria there is most fever when the country is 
parched to a desert. The malarial season in the Tus- 
can Maremma is from June to the middle of Septem- 
ber. In military experience it has frequently hap- 
pened that malaria has attacked the troops in the 
hottest weather after camping in the dried-up water- 
courses of uplands, or in parched meadows and sandy 
levels that are apt to be flooded only in winter. 

Conditions of Origin.—In all localities and at all 
seasons, it is at or after sunset that the malarial influ- 
ence prevails, and it tells most when a cold night fol- 
lows a hot day. Perhaps the most constant fact 
relating to malaria is that it goes with watery exhala- 
tions and with the fall of dew. On wet soils, and over 
marshes, swamps and jungles, the aqueous vapor con- 
denses as the air cools; while on dry surfaces the rapid 
radiation of heat causes a heavy dew fall. The oceur- 
rence of malaria on bare rocks, parched uplands, and 
treeless tracts of dry fallow land may have several 
associated circumstances; but that which has been 
most uniformly observed in such localities is great 
diurnal range of temperature, with rapid radiation of 
heat after sunset, and copious fall of ee The ‘‘ hill 
fever’’ of Mysore occurs among bare rocks and 
stones and brown earth; at the hottest season (March 
to June) the diurnal range of the shade temperature 
may be 20° to 30°, while the rocks in the sun may 
show a surface temperature up to 220°, and undergo a 
rapid cooling after sunset. The most malarious locality 
at all times of the year on the Orinoco is around the 
great cataract, where the banks of the river for some 
distance are covered with bare black rocks piled to a 
considerable height; the rocky substance and the 
black surface combine to produce the greatest absorp- 
tion of heat and the most rapid radiation, and the 
rocks there, as well as in other parts of South America 
and in India, are credited by the natives with giving 
off poisonous exhalations which cause the fever. 
Among the conditions of origin the predisposition of 
the human subject takes a prominent place. Those 
who have been habituated to extreme heat, and are on 
occasion exposed to cold and damp, are likely to ac- 
quire intermittent or remittent fever; and those who 
are poorly clad, housed, and fed are most likely. Fires 
at night in a malarious locality are a well-known pro- 
tection from fever; the cover of trees (preventing the 
radiation of heat) is alsoa protection. Those who have 
had ague before are liable to have it again on exposure 
in a malarious locality, or to chill anywhere. 

Diffusion of Malaria.~-On the hypothesis that 
malaria is a poisonous substance, it is permissible to 
speak of its diffusion. It acts for the most part only 
within a few feet of the ground ; in the Kast Indies the 
raising of dwellings on piles serves to keep off, or at 
least lessen, the liability to fever, and the Tadice in 
South America escape it by sleeping in the branches 
of trees. Although it is not known to act beyond a 
few feet from the earth’s surface, it may produce fever 


above the sea-level. It sometimes acts at a distance 
from its supposed place of origin. Thus, it is said to 
have caused fever on board ships lying 2 or 3 miles off 
a malarious shore, although it is more usual for ships 
at even a short distance from the shore to escape. In 
West Indian experience it has been known to render the 
high limestone mdge more unhealthy than the swamp 
at its foot, and a similar experience has occurred on 
the Kentish shore of the Thames estuary, and at other 
parts of the English (Channel) coast. here are in- 
stances where it has, so to speak, travelled along a 
narrow valley from an unhealthy marsh to a salubrious 
situation. Although a still night is most favorable to 
its production, there is a popular opinion that it is ear- 
ried by the wind. In many malarious localities there 
is a definite ‘‘ague line,’’ beyond which the noxious 
influence is not felt. A belt of trees, or even a wall, 
will ‘‘ keep it off.’ It clings to those surfaces that are 
most easily bedewed. Situations to windward of a 
malarious swamp are usually reckoned safe. 

Hypothesis of Malaria.—Malaria is known only by its 
effects on the animal body; the effects, although they 
vary much in intensity, are uniform, definite, or spe- 
cific, and are characterized by a truly remarkable peri- 
odicity. The oldest and most prevalent hypothesis of 
malaria is that it is a specific poison generated in the 
soil. Perhaps not every soil is capable under cireum- 
stances of causing malaria, but it 1s difficult to assign 
limits to its potential presence. There are seemingly 
well-authenticated cases of malarial disease appearin 
during the making of railway cuttings, canals, an 
other excavations In places where malaria had not 
previously been known ; and there is sufficient evidence 
that malaria has appeared in the track of cultivation in 
the Western States of America, and that it follows on 
the upturning of virgin soil, and even of soil that has 
been long fallow. Attempts have been made, without 
success, to separate a malarious poison from the gases 
generated by swamps, or from the air of malarious lo- 
calities. Still more frequent and elaborate attempts 
have been made to discover the hypothetical poison 
among the numerous minute veeaie organisms that 
occur in the soil of malarious (and non-malarious 
places; and these also have hitherto yielded no soli 
result. Another hypothesis is that malaria is a ‘‘tel- 
luric intoxication,’’ generated by the vegetative power 
of the soil when that power is not duly exhausted by 
plant growth. Lastly, there is an hypothesis that 
malarial fevers are caused by the excessive and sudden 
abstraction of heat from the body under the influence 
of cold and damp, and that the specific effects of the 
nocturnal chill, amounting to intermittent and remit- 
tent fever, are most usual and most marked in hot 
climates because of the antecedent exposure of the 
body to great solar heat. 

Remedies. —Cinchona or Peruvian bark (with its 
alkaloid quinine) is a remedy universally applied with 
good effect in the treatment of malarial fevers. The 
treatment is usually commenced during the first inter- 
mission or remission. ‘There is no good evidence that 
the taking of quinine wards off the attack of malaria. 
The extent of cinchona planting in Southern India. 
Ceylon, Jamaica, and elsewhere is the best measure 0 
the value of quinine as a remedy, and more particularly 
as a remedy for ague. Arsenic has proved one of the 
most efficient substitutes for quinine. The dwellers in 
malarious localities have found in opium a palliative 
of the misery induced by the malarial cachexia. 

Literature.—Hirsch, Geographisch-historische Pathologie, 24 
ed., Stuttgart, 1881, pt. i. see. 7 (the bibliographical refer- 
ences appended to Hirsch’s chapter on malaria include up- 
wards of eight hundred names); W. Ferguson, “On the 
Nature and History of the Marsh Poison,” Trans. Roy. Soc. 
Edin., ix., 1823 (omitted by Hirsch ; was the first to dwell 
upon the fact that malaria is often associated with heat 
and drought, and elevated rocky localities); Maceulloch, 
Malaria, an Essay, ete., London, 1827; Robert Williams, 
Morbid Poisons, London, 1836-41, vol. ii., chapter on “ Pa- 
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ludal Diseases ;” Colin, Traité des fidvres intermittentes, Paris, | ried out, this region will fall into its natural position as 


1870 (expounds the theory of “intoxication tellurique’’); 
C. F, Oldham, What is Malaria? and Why is it most Intense in 
Hot Climates? London, 1871 (a comprehensive review and 
acute criticism of established facts and current theories, 
with the motive of showing that there is no specific mala- 
rial poison); Morehead, Clinical Researches on Disease in 
India, London, 1856, vol. i. (for symptoms, diagnosis, and 
treatment of intermittent and remittent fevers); Fayrer, 
‘Climate and Fevers of India, London, 1882 (both general and 
clinical), (C. C.) 


MALATIA, less correctly Matatryan, the ancient 
Melitene of Cappadocia, a town,of Kurdish Armenia in 
the vilayet of Diarbekir, about 8- miles to the south- 
west of the Euphrates below the confluence of the 
Tokhma-su, and about half-way between Baghdad and 
Constantinople, on a route which forages has been one 
of the most important in that part of Asia. Asbuzi 
or Aspuzi, a place about 5 miles distant, which was 


formerly inhabited by the people of Malatia during the | 


summer only, has become the permanent residence of 
a large part of the population fetone 20,000, including 
both), but Malatia proper remains the administrative 
centre of the sanjak. The remains of the ancient town 
are much dilapidated. 


In the time of Strabo (xii. 537) there was no town in the 
district of Melitene. Under Titus the place became the 
permanent station of the 12th legion ; Trajan raised it toa 
city. Lying in a very fertile country at the crossing-point 
of important routes, it grew in size and importance, and 
was the capital of Armenia Minor or Secunda, Justinian, 
who completed the walls commenced by Anastasius, made 
it the capital of Armenia Tertia; it was then a very great 
place (Procop., De tu., iii. 4). The town was burnt by 
Chosroes on his retreat after his great defeat there in 577. 
Taken by the Saracens, retaken and destroyed by Constan- 
tine Copronymus, it was presently recovered to Islam, and 
rebuilt under Manstr (757-58 a.p.). It again changed 
hands more than once, being reckoned among the frontier 
towns of Syria (Istakhry, p. 55, 62). At length the Greeks 
recovered it in 934, and Nicephorus IL., finding the district 
much wasted, encouraged the Jacobites to settle in it, which 
they did in great numbers. <A convent of the Virgin, and 
the great church which bears his name, were erected by 
the bishop Ignatius (Isaac the Runner), From this time 
Malatia continued to be the great seat of the Jacobites, and 
it was the birthplace of their famous maphrian Barhebreeus 
(or Abulfaragius). At fhe commencement of the 11th cen- 
tury the town was said to number 60,000 fighting men 
(Assem., Bib. Or., ii. 149; comp. Barheb., Chr. Eccl., i. 411, 
423). At the time of the first crusade, the city, being hard 
pressed by the Turks under Ibn Danishmend, was relieved 
by Baldwin, after Bohemund had failed and lost his liberty 
in the attempt. But the Jacobites had no cause to love 
Byzantium, and the Greek governor Gabriel was so cruel 
and faithless that the townsmen were soon glad to open 
their gates to Ibn Danishmend (1102), and the city subse- 
quently became part of the realm of Kilij Arslan, sultan 
of Iconium, 

MALAY PENINSULA, Matacca, or TANAH 
soa MatAyu (‘‘ Malay Land’’), the southern- 
‘ ‘most region in Asia, attached to Further 
India by the isthmus of Kra, in 10° N. lat., whence it 
projects for about 600 miles, first south, then southeast 
parallel with Sumatra, to Cape Ramtinia (Romania) in 
1° 23’ N., within 95 miles of the equator; it varies in 
width from 45 miles at the isthmus of Kr4, and again 
at Talung in 7° 30’ N., to 210 at Perak in 5° N., and 
150 at Sel4ngor, 3°. 20’ N. The area is about 70,- 
000 square miles, with a population of at least 650,000." 
The peninsula, which is washed on the west by 
the Bay of Bengal and Malacca Strait, on the east 
by the Gulf of Siam and China Sea, belongs geo- 
graphically and ethnically rather to the eastern archi- 
pelago than to the Asiatic continent. Hence, whenever 
the proposed canalization® of the isthmus of Kré is car- 


1 A careful calculation made by T. J. Newbold in 1838 gave a 
total population of 375,000, since which date the British posses- 
sions have increased about fourfold, from 90,000 to 330,000. Hence, 
allowing for a slight increase elsewhere, the present population 
must be at least ,000 ( Political and Statistical Account of the Brit- 
ish Settlements in the Straits of Malacca, London, 1839, vol. i. p. 418). 


2 The several projects of canalization are fully discussed by M. | yeyor remarks that ‘ “ 
Léon Dru in L’ Exploration for March 9 and 16,1882. The most | the Malayan Peninsula still unexplored,” p. 409, 


one of the great islandsof Malaysia. In awidersense the 
peninsular formation begins properly at the head of 
the Gulf of Siam, about the parallel of Bangkok. 
But this northern section between.10° and 13° 307 N. 
being comprised within the limits of Siam proper and 
British Burmah, is not usually included in Malacca, 
whose political frontier towards the northwest is thus 
traced by the lower course of the river Pakshan, which 
there separates it from T'enasserim, the southernmost 
division of British Burmah. But east of that river 
there is no natural or political frontier towards Lower 
Siam, which embraces all the land as far south as the 
river Muda on the west coast in 5° 33’ N., and on the 
east side as far as the state of Pahang in 4° N. The 
seaboard, which is generally flat and overgrown with 
mangroves for 5 or 6 miles inland, is fringed with 
numerous islands and insular groups, of which the 
chief are Salanga (Junk Ceylon), Langkawi, and Pulo 
Penang on the west side; Singapore, Batang, and 
Bintang at the southern extremity; Tantalem and 
Bardia on the east coast. All these islands, which 
may have a total area of some 5000 square miles, seem 
to have originally formed part of the mainland, of 
which they may be regarded as seattered geological 
fragments. 

Although known to Europeans since the beginning 
of the 16th century, and nowhere more than 100 miles 
from the sea, the interior still remains one of the least 
known lands in Asia. D’Souza’s large map, prepared 
in 1879 for the British Government, is still in many 
places almost a complete blank ; the mountain ranges 
are traced only for short distances, chiefly on the west 
side below Kedah; the river courses and _ political 
boundaries are often merely conjectured, while the 
elevation of some of the highest peaks is absolutely 
unknown. Accurate surveys, however, have since then 
been made, especially by H. 8S. Deane in the Perak 
and Selangor states, by D. D. Daly in most of the 
British native states,’ by Dru in the extreme north, 
and by others in the extreme south about the Endau 
river basin and at several other points, from which a 
rough idea may be formed of the general orographic 
and geological features and hydrographic systems. 
The surface seems to be everywhere essentially moun- 
tainous, and considerably more elevated than had till 
recently been supposed. ‘The land is traversed in its 
entire length by a somewhat irregular and ill-defined 
backbone, forming a southern continuation of the 
Arakan and Tenasserim ranges, but here falling to a 
mean elevation of perhaps 3000 feet, and constituting 
a distinct water-parting between the streams flowing 
east and west to the surrounding seas. The surface is 
further varied by numerous spurs and detached ridges 
running mainly north and south, besides isolated 
masses often vying in elevation with the central ranges. 
Little space is thus left for upland plateaus, broad 
valleys, or lowland alluvial plains of any extent, except 
about Tringg4nu and Pahang on the east, and Selangor 
on the west side. he highest ascertained altitudes 
are the Titi Bangsa range (7000 feet), between Kedah 
and Perak; the Gunong Inas (5000), aseended in 1881 
by Deane; the Gunong Bubu (5650), and Gunong Ulu 
Tumulang (6435), near the right and left banks of the 
Perak river; the Slim range (6000 to 7000) in South- 
east Perak; the Gunong Rajah (6500), in the main 
range ; a peak (7000) in the Endau river basin, nearly 
double the height of Gunong Ledang, or Mount Ophir 
feasible, but not the shortest, follows the line of railway already 

rojected in 1861 by Fraser and Forlong across the neck of the 
isthmus in 10° 30’ between the estuaries of the rivers Pekshan 
and Champon. This scheme, which might be carried out for 
about £5,000,000, would shorten the sea route from India to China 
by four days, besides avoiding the dangerous navigation of the 
are debated account of Mr. Daly’s surveys, which extended over 
the years 1875-82, appeared in the Proceedings of the Royal Geo- 
graphical Society for July, 1882. It is accompanied by a large map 
which fills up several gaps left in that of D'Souza, Yet the sur- 
there is a vast extent—more than half—of 
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(3849), hitherto supposed to be*the highest point in 
the extreme south. But an unexplored ridge towards 
the west frontier of Kelantan, with a probable eleva- 
tion of 8500 or 9000 feet, is taken by Miklucho Maclay 
as the culminating land of the whole peninsula. ‘These 
mountains are scarcely anywhere traversed by recog- 
nized beaten tracks, the natural passes between the 
eastern and western watersheds being still mostly over- 
grown by dense jungle. Deane, however, came upon 
a forest path across the main water-parting from Kedah 
to Patdéni, and a route is said to lead from the Bernam 
river basin across the main axis to Pahang on the east 
side, 

Owing to the formation of the land, the rivers, 
although numerous, are necessarily of short length, 
and, as their mouths are generally obstructed by bars 
and coral reefs, they are on the whole more useful for 
irrigation than as water highways. Nevertheless some 
are navigable by light eraft for considerable distances, 
and in 1881 Deane steamed up the Bernam between 
Perak and SelAngor to Kampong Chankat Bertiham, 
76 miles from the coast. He proceeded by boat thence 
for 9 miles to Simpang, where the stream divides and 
shallows. For about 80 miles it is 10 to 17 feet deep, 
while the Perak, with its chief tributaries, the Plus, 
Kinta, and Batang Padang, presents a total navigable 
waterway of perhaps 200 miles. The Perak on the 
west and the Pahang on the east slope are by far the 
largest river basins in the peninsula, each draining an 
area of 5000 to 6000 square miles. he other chief 
streams are the Selangor and Klang on the southwest 
coast, the Johér facing Singapore, and on the east side 
the Hndau, Kelantan, and Patani. 

As far as has been ascertained, the main geological 
formations would appear to be the Lower aie 
sandstones and unfossililized clay slates, with a basis 
of gray stanniferous granite everywhere cropping out. 
Although no trace has been found of recent volcanic 
action, there are several isolated and unstratified lime- 
stone masses from 500 to 2000 feet high, of a highly 
crystallized character, with no fossils of any kind. 
Karthquakes also are frequent, while numerous hot 
springs attest the presence of still active igneous forces 
beneath the surface. In the south porphyry oceurs, 
associated with granite and clay ironstone ; and laterite, 
resembling that of the Malabar coast, abounds, espe- 
cially along the west slope. The rich stanniferous 
granites forming the backbone of the peninsula render 
this region the most extensive storehouse of tin in the 
world. Vast deposits of tin ores, sometimes associated 
with gold and silver,! occur almost everywhere, and are 
continued in the neighboring islands as far south as 
Banca on the Sumatra coast.? Gold, whence the land 
was known to the ancients as the Awrea Chersonesus, 
is also found in considerable quantities, either dis- 
seminated in quartz or in alluvial deposits, especially 
about Mount Ophir, in Pahang, Copscne Tring- 
gnu, and Kemaman. ‘The total yield has amounted 
In some years to 25,000 and 30,000 ounces. Iron 
ores abound especially in the south, and coal has 
recently been found in the isthmus of Kré conve- 
niently situated for the future ship canal across the 
peninsula. 

The climate, everywhere moist and hot, becomes 
oppressive and even malarious along the low muddy 
banks of the coast streams. Higher up, although 
cooler, it is not always more healthy, and the uplands, 
especially about Mount Ophir, have the reputation of 
being extremely dangerous to Europeans (Wallace). 
Yet the mean temperature, thanks to the general 
elevation of the land and the prevailing sea-breezes, 

1 Although the Perak river is named from the Malay word 
perak, “silver,” the presence of this metal has been doubted. M. 
Alfred Marche, however, who recently visited the west coast, 


found itin Laroot, associated with the rich tin ores of that dis- 
trict (Comptes Rendus of the French Geol, Soe. for April 14, 1882, 


sits permeate the whole length of the 


p. 165). 
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e western side of the dividing range” 
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is much lower than that of many Asiatic lands lying 
much farther from the equator. While the glass 
rises normally on the Makr4n coast and in the Persian 

Gulf to 110°, 120°, and even 125° Fahr., the mean 

summer range in the peninsula scarcely exceeds 90°, 

while at an altitude of 2500 feet it is under 70° for the 

whole year. There is strictly speaking no winter, nor 
a distinctly marked rainy season, the alternate north- | 
east and southwest monsoons distributing the moist- 

ure over the east and west slopes throughout most of 

the year. The average number of rainy days is about 

one hundred and ninety, and the mean rainfall from 

100 to 130 inches. The west coast is exposed to sud- 

den squalls of short duration, known as ‘‘Sumatras”’ 

from the direction whence they blow, while the oppo- 

site side is often visited by tornadoes during the 

monsoons. 

Except in some limestone tracts, especially in Perak 
and Kedah, the soil is generally poor, and the coun- 
try, which may be described as of comparatively recent 
formation slowly undergoing decomposition, is incapa- 
ble of growing sufficient rice even for the local demand 
(D. D. Daly). The land, however, is almost every- 
where clothed with a magnificent tropical vegetation, 
in which the most conspicious and useful plants are 
the gutta-percha (here first discovered), the camphor 
tree, ebony, sapan, ratan, eagle wood, bamboo, nibung, 
and nipa palm. Unfortunately the work of reckless 
destruction has already commenced, and the Chinese 
miners have in many places cleared extensive tracts, 
cutting down the finest trees to serve as fuel for smelt- 
ing the tin ores. Of fruits the most characteristic are 
the durian and mangosteen; and of cultivated plants 
the most common are rice, the sugar-cane, cotton, 
tobacco, yams, batata, cocoa and areca palms. ‘Tea 
and coffee might be successfully cultivated along the 
slopes of the Perak and Selangor rivers (Deane). A 
species of climbing indigo and the wild nutmeg are 
indigenous, and the true nutmeg, cinnamon, and 
cloves have long been introduced, and thrive well 
(Newbold). 

The fauna of the peninsula, which is unusually 
rich, is allied, like the flora and the inhabitants, rather 
to that of the Eastern Archipelago than the main- 
land. Here are the one-horned rhinoceros, Malay tapir 
(tana), elephant, and hog, all of the same species as 
those of Sumatra. Here is also a small bear 
(bruangh), found elsewhere only in Borneo, as well as 
the Sunda ox of Java, besides two kinds of bison 
said to be peculiar to the peninsula (Crawfurd), On 
the other hand, the Asiatic tiger has extended his 
range throughout the whole region, even crossing 
over to Singapore and other adjacent islands. Of 
quadrumanes there are no less than nine species, in- 
cluding the chimpanzee (Stmia troglodytes), the 
kukang (Lemur tardigradus), the black and white 
unka, but apparently not the orang-outan, although 
the word is in common use among the Malays, who 
often apply it in its natural sense to the Sakai 
and other wild tribes of the interior. Of birds per- 
haps the most characteristic are the rhinoceros horn- 
bill (Buceros), the bangu or Javanese stork, the argus 
and pencilled pheasants, birds of paradise (Paradisea 
Ge and LP. gularis), myna or grackle (Gracula 
religiosa), murel or dial bird (Giracula saularis), the 
humming bird, besides kingfishers, flyeatchers, doves, 
and pigeons, in endless variety. he islands are fre- 
quented by the JZirmndo esculenta, or swallow that 
builds edible nests. The forests swarm with coleoptera, 
lepidoptera, and other insects, including the magnifi- 
cent butterfly Ornithoptera Brookeana, till recently 
supposed to be peculiar to Borneo (Deane). The sur- 
rounding waters are inhabited by the halicore, or 
‘mermaid,’ a sirenian whose Malay name duyong 
era corrupted to dugong in our natural history 

ooks. 

Politically the peninsula is partly held directly by 
Siam and Great Britain, and partly divided among a 
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number of petty Malay states, either tributary to or in 
treaty with those paramount powers. The Siamese 
territory and states embrace the whole of the northern 
section southwards to 5° 35% N., and thence on the 
east side as far as the southern frontier of Tringgdnu 
in 4° 357 N. A line drawn from this parallel on the 
east coast across the peninsula northwestwards to 
Kedah on the west coast will thus mark the southern 
limits of all the land directly or indirectly subject to 

Siam. The rest of the peninsula’ is occupied by the 
British possessions grouped under the collective name 
of the Srrarrs SETTLEMENTS (g. v.), and by the more 
or less independent Malay states proper, which may be 
regarded as forming part of the British system. Sub- 
jomed is a table of all the political divisions of the 
peninsula :— 


Siamese Political System. 


Ligor, Sengora, These two provinces of Lower Siam prop- 
er comprise the isthmus of Kré between 7° and 10° N., with 
a coast-line of 240 miles on the cast and 260 on the west 
side; area perhaps 17,000 square miles; population, 
50,000(?). 

Kedah, between Ligor and Perak, 7° to 5° 35’ N., with 
120 miles on west coast; area 3600 square miles; popula- 
tion, 30,000. 

Paténi or Raman, between Sengora and Kelantan, 7° to 
5° 30’ N., with coast-line on each side 50 miles; area, 5000 
square miles; population, 30,000, 

Kelantan, between Patini and Tringgdnu, 6° to 4° N., 
60 miles coast on each side; area, 7000 square miles; popu- 
lation, 20,000. 

Tringginu with kKemdman, between Kelantan and 
Pahang, 5° 30’ to 4° N., with 80 miles coast-line on the 
east side; area, 6000 square miles; population, 50,000(?), 


British Political System. 


Perak, between Kedah and Selangor, 5° 30’ to 4° N., 
with 80 miles coast-line on west side; area, 6500 square 
miles; population, 30,000, 

Seldngor with Kalang, between Perak and Malacca ter- 
ritory, 4° to 3° N., with 120 miles coast-line on west side; 
15,000. 

Johér, southern extremity of the peninsula from 2° 40’ 
N. to Cape Romania; area, 10,000 square miles; popula- 
tion, 20,000. 

Pahang, between Johér and Tringginu, 3° to 5° N., 90 
miles coast on east side; area, 3500 square miles; popula- 
tion, 20,000. 

Jelébu, Sungei Ujong, Sri Menanti, Jump6l, Johél, Ram- 
bau, Jelai, Segimat or Moar. These inland states, lying 
between 2° and 4° N., formerly constituted with Naning 
(Malacca territory) the so-called Negri Sambilan, or “ Nine 
Lands,” governed by panghGlus or chiefs, feudatory first 
to the sultans of Malacca and then to those of Johér. It 
is now proposed again to consolidate them in one state un- 
der the suzerainty of or in alliance with Great Britain. 
They lie, surrounding Malacca territory, between Johér on 
the east, Pahang on the north, and Selangor on the west 
and northwest. Total area probably not more than 5000 
square miles; population, 50,000(?). The more important 
are Rambau (Linggi river. basin), Seg4mat (Moar river 
Jasin), Johél (north from Mount Ophir), and Sungei Ujong 
(Langat river basin). . 

Straits Settlements: parts of Perak, Malacca, Pulo Pe- 
nang, and Singapore ; total area, 1445 square miles; popu- 
lation (1881), 314,000, 


Excluding the Chinese, Klings, Bugis, and other 
more recent arrivals, the inhabitants of’ all these states 
belong to three distinct stocks—the Tai (Siamese), 
Malay, and Negrito. The Siamese of pure blood 
oceupy the extreme north with scattered communities 
as far south as the town of Sengora (7° 107 N.). A 
mixed Malayo-Siamese people, commonly known as 
Samsams, form the bulk of the population in the 
lower parts of Ligor and Sengora, and in the north of 
Kedah. Although entirely assimilated to the Siamese 
in speech, customs, and religion, these Samsams ap- 
pear to be allied physically much more to the Malay than 
to the Tai stock. Yet their national sympathies seem to 
be altogether with the dominant race, and the people, 
cereals of Ligor, have during the present century 
zealously co-operated with the Siamese in their per- 
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sistent efforts to subdue the Malays of the neighboring 
states. | 

All the rest of the peninsula, from about 7° N. to Cape 
Romania, may be regarded as essentially ‘‘ Malay land,”’ 
as it is in fact called by the people themselves. But 
whether the Malays are here indigenous, or intruders 
from Sumatra, is a question still warmly discussed by 
ethnologists. Those, however, who support the latter 
view by appealing to the undoubted historic migrations 
of civilized Malays from Menangkabo or Palembang in 
the 12th century, or even to still earlier arrivals from 
Java, do not understand the point at issue. For the 
yeningula is occupied, not only by these civilized Orang 
Malayu of cultured speech, Mohammedans and mostly 
no doubt originally from Sumatra, but also by the Orang 
Benua, that is, ‘‘men of the soil,’’ or aborigines, of 
Malay stock and of rude Malay speech, nature worship- 
pers, and settled here from prehistoric times. Similar 
uncultured Malay tribes, such as the Orang Kubu of 
Palembang, are no doubt also found in Sumatra. But 
it is unlikely that any of these people ever crossed the 
shallow intervening Straits of Malacca, which were 
probably dry land when the race was gradually diffused 
over the common area. Whether the migration pro- 
ceeded eastwards or westwards is therefore a point 
which cannot be determined pending the settlement of 
the'further and broader question of the origin and dis- 
persion of the Malay race itself. If the Malays are a 
branch of the Mongol stock, as many hold, then the 
Orang Benua must have passed through the peninsula 
southwards to the archipelago at a time when most of 
it still formed part of the Asiatic mainland. But if 
they originated in the archipelago itself, as others main- 
tain, then the stream of migration must have been 
reversed. 

In any case the Orang Benua are not the only abo- 
rigines in the peninsula. For the most recent research 
has fully confirmed the somewhat vague statements of 
earlier writers regarding the presence in this region of 
a Negroid element differing fundamentally from the 
Malay type, and apparently to be affiliated to the Ne- 
grito of the Andaman Islands and Philippines. ‘‘ Purely 
anthropological observations and considerations lead 
me to accept the supposition of a ‘Melanesian’ element 
(a remnant of the original race), which through inter- 
mixture with the Malays is being more and more 
supplanted... .. In the mountains of Pahang and 
Kelantan as far as Sengora and Ligor, I have discovered 
a Melanesian? population. his people undoubtedly 
belongs to the Sie aaaniat stock’ (Miklucho Maclay in 
Ethnologische Macursion in Johor)? 

The Malay and Negrito aborigines are collectively 
known to the civilized Malays as Semang and Sakei * 
respectively, although much confusion seems to have 
arisen in the use of these terms, nor is this surprising, 
seeing that the two races themselves, who have been 
in contact for ages, have become largely intermingled 
and assimilated in customs, and even in speech. The 
original Negrito dialects, which Maclay has compared 
with those of the Philippines, are everywhere yielding 
to the Malay, which is spoken throughout the penin- 
sula with little dialectic variety as far as 6° and 7° N., 
where it is replaced by Siamese. The aborigines,who are 
said not to number altogether more than some 10,000, 
are divided into a great many tribes, of which the best 
known are the Jakuns, widespread in the south, the 
Udai, Basisi, Sabimba, Mintira (Mantra), and Hala. 


1 The horrors attending the reduction of Kedah in 1821 were 
caused chiefly by the ferocity of the Samsams of Ligor in the 
Siamese service. 

2 This writer applies the term “Melanesian” to all the dark 
races of the Oceanic area, and not merely to the natives of the 
Melanesian Archipelago. . 

% See also the Field, April 28,1878; Journal of the Straits Branch 
of the Roy. As. Soc. for 1878-81, passim ; and the paper of Mr. Daly, 
who says, “The true Orang Sakei is a nbs fe and reminds one 
of the Papuans of New Guinea, whom I have seen in Torres 
Straits,” p. 409 ; 

4'The aborigines of the neighboring island of Billiton are also 
cote known as Sakah (Annales del' Lxtréme Orient, 1879, 
' p. 130). ; 
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All are in a very low state of culture, holding aloof 
from the settled populations, living entirely on the 
chase, and pursuing the game with poisoned arrows. 
It is noteworthy that even the more or less civilized 
Malays, especially of Rambau and other inland states, 
still hold to the tribal organization, the very names of 
many of their tribes, such as the Anak Achi (‘‘ children 
of Achin’’) and Sri Lummah Menangkabau, betraying 
their comparatively recent migration from Sumatra. 
Other ethnical elements in the peninsula are the 
Bugis from Celébes, formerly powerful on the west 
coast; the ‘‘ Moors’’ (Arabs), now mostly absorbed by 
the civilized Malays; the Klings!’ from India, chiefly 
traders in the seaports; the 'T'opas (Topazio), half-caste 
Portuguese Christians, still numerous especially in 
Malacca territory, a few Kuropeans, Battas, and Afri- 
can slaves; and, lastly, the Chinese, by far the most 
numerous of all, who are gradually converting the 
Malay peninsula into a second China. They have 
already monopolized the mining and agricultural indus- 
tries, as well as the retail trade and local shipping. 


Although vaguely known to the ancients as the Aurea 
Chersonesus, and even by them already described as a 
“ Regio Latronum,” or piratical land, the Malay peninsula 
possesses no historic traditions earlier than the 13th cen- 
tury. According to the native writers the first settlement 
was made at Singa-pura, or the “ Lion City,” about 1250 by 
emigrants from the banks of a river Maldéyu in Sumatra. 
Expelled from Singapore by the Javanese king Majapahit, 
the colonists founded the city of Malacca on the southwest 
coast of the mainland in 1253. From this point the cultured 
and Mohammedan Malays of Sumatra are supposed to have 
rapidly spread over the whole peninsula, where they had 
already established a number of petty piratical states, when 
the Portuguese under Albuquerque reached Malaysia and 
reduced Malacca in 1511. Being thus, so to say, taken on 
the’ flank by the Europeans, while their progress north- 
wards was barred by the Siamese continually pressing for- 
ward from Indo-China, the Malays of the peninsula, ever 
prone to piracy and lawlessness, have remained in a more 
or less unsettled state almost down to the present time. 
The Portuguese held Malacca for one hundred and thirty 
years, when they were supplanted in 1641 by the Dutch, 
who yielded in 1795 to the English, and finally in 1824 sur- 
rendered all their possessions on the mainland to Great 
Britain in exchange for Bencoolen in Java. Penang and 
Singapore had already been occupied by the British, who, 
by the suppression of piracy and the old monopolies, the 
proclamation of free trade principles, the example of a wise 
administration and treaties with the surrounding states, 
have gradually laid a solid foundation for the future pros- 
perity of this distracted land. (A. H. K.) 


MALAYS (Orang Malayu, ‘‘Malay Men’’), the 
dominant people in Malacca and the Hastern Archi- 
pelago (hence often called Malaysia), where they are 
diversely intermingled with other races, and where 
they have represented the local cultured element for 
over two thousand years. The Malays proper, that is, 
those who call themselves by this name,? who speak 
the standard Malay language, and who possess a com- 
mon sentiment of racial unity, are found in compact 
masses chiefly in the Malay peninsula as far north as 
8° or 9° N. lat., in the adjacent islands of Penang, 
Bintang, Lingen, ete., and in Sumatra, of which they 
occupy fully one-half, mainly in the south, along the 
east coast, and on parts of the west coast. In these 
lands alone they are really indigenous, and regard 
themselves as the aboriginal population. Elsewhere 
they are met in scattered communities chiefly round 
the coast of Borneo, in the Sulu Archipelago, in Tidor, 
Ternate, and some other members of the Molucca 


1 The term Kling, a corrupt form of Telinga (Telugu), is applied 
throughout Malaysia to all the natives of India settled in that 
region. 

2 The origin of this word has given rise to much controversy. 
Its derivation from the Javanese ma-layu, to run or flee, must be 
rejected as grammatically impossible, for this is a true verbal form, 
whereas the national name is strictly adjectival, hence always 
accompanied by anoun. Valentyn points out (Beschryvinge van 
Sumatra, p. 13) that the name is specially applied in Sumatra to 
the great Stingei-pagu-Malayu tribe of the Singei-pégui auriferous 
district, and it seems on the whole most Pee that it was 
originally the name of some local tribe, w 
nence. 


ich rose to pre-emi- | 
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group, where they are held to be intruders or immi- 
| grants from Sumatra. 

Long considered as an independent division of man- 
kind, the Malays are now more generally affiliated to 
the Mongol stock, of which A. R. Wallace, De Qua- 
trefages, and other eminent naturalists regard them as 
a simple variety more or less modified by mixture with 
other elements. ‘‘The Malayan race, as a whole, un- 
doubtedly very closely resembles the Hast-Asian popu- 
lations from Siam to Manchuria. I was much struck 
with this when in the island of Bali I saw Chinese 
traders who had adopted the costume of that country, 
and who could then henile be distinguished from Ma- 
lays; and, on the other hand, I have seen natives of 
Java who, as far as physiognomy was concerned, would 
pass very well for Chinese.’’? In fact, the typical Malay 
can scarcely be distinguished anthropologically from the 
typical Mongolian. He is desenbed as of low stature, 
averaging little over 5 feet,* of olive-yellow complexion 
inclining to light brown or cinnamon, brachycephalous, 
with somewhat flat features, high cheek bones, black 
and slightly oblique eyes, small but not flat nose, 
dilated nostrils, mouth wide but not projecting, hands 
and feet small and delicate, legs very thin and weak, 
coarse black hair, always lank and round in section, 
scant or no beard.® 

The departure from this description so frequently 
noticed in the archipelago must be attributed to inter- 
mixture with the black Paptian stock in the east, and 
with a distinet:pre-Malay Caucasie element in the west. 
The presence of this ‘‘ Indonesian’’ element, as it is 
dalled by Dr. Hamy, may now be regarded as an ascer- 
tained fact, the recognition of which will help to 
remove many of the difficulties hitherto associated 
with the natural history of the Malay race. It at 
once explains, for instance, the apparent discrepancy 
between the foregoing description of the ordinary 
Malay and that of the Battas, Orang Kabu, and many 
other Sumatran and Bornean peoples described as tall 
and robust, with regular features, symmetrical figure, 
light complexion, brown and wavy hair, and general 
European appearance.® 

These considerations also enable us to fix the true 
centre of dispersion of the Malay race rather in 
Malacca than in Sumatra, contrary to the generally 
received opinion. If they are to be physically allied 
to the Mongol stock, it is obvious that the earliest mi- 
gration must have been from High Asia southwards 
to the peninsula, and thence to Sumatra, possibly at a 
time when the island still formed part of the mainland. 
The national traditions of a dispersion from Menang- 
kabo or Palembang in South Sumatra must accordingly 
be understood to refer to later movements, and more 
especially to the diffusion of the civilized Malay peo- 
ples, who first acquired a really national development 
in Sumatra in comparatively recent times. From this 
point they spread to the peninsula, to Borneo, Sulu, 
and other parts of Malaysia, apparently since their 
conversion to Islam, although there is reason to believe 
that other waves of migration must have reached 
Further India and especially Camboja, if not from the 
same region at all events from Java, at much earlier 
dates. ‘The impulse to these earlier movements must 
be attributed to the introduction of Indian culture 
through the Hindu and Buddhist missionaries, per- 
haps two or three centuries before the Christian era. 
During still more remote prehistoric times various 
sections of the Malay and Indonesian stocks were 
diffused westwards to Madagascar, where the Hovas, 
of undoubted Malay descent, still hold the political 
supremacy, and eastwards to the Philippines, Formosa, 
Micronesia, and Polynesia. This astonishing expan- 
sion of the Malaysian peoples throughout the Oceanic 

3 Wallace’s Malay Archipelago, 5th ed. p. 591. 

4Miiller says 4 ft. 6 in. to 5 ft.; Wallace 5 ft. 2 in. tod ft. 4 in.; 
Flower 5 ft.3in.; others 5 ft. 

5See Dr. A. B. Meyer, Minahassa auf Celebes, Berlin, 1876, p. 7. 


6 See Schouw-Santyoort, in Annales dev Extréme Orient, 1878-79, 
p. 148; and Montano, Proc. Roy. Geol. Soc., 1881, p. 593, 
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area is sufficiently attested by the diffusion of a common 
Malayo-Polynesian speech from Madagascar to Master 
Island, and from Hawaii to New Zealand. See 
POLYNESIA. 


The Malays proper have long been divided socially into 
three distinct groups,—the Orang Benta, or “Men of the 
Soil,” that is, the uncivilized wild tribes; the Orang-laut, 
or “Men of the Sea,” that is, the semi-civilized floating 
population ; and the Orang Maldyu, or “ Malay Men,” that is, 
the civilized Malays with a culture, a literature, and a 
religion. The Orang Bent, called also Orang Gunung, or 
“Highlanders,” and sometimes even Orang-utan, or “ Wild 
Men,” constitute the aboriginal Malay element, the “raw 
material,” so to say, of the race, which has hitherto re- 
mained wholly unaffected by foreign influences, and which 
is still grouped in small tribes at a very low stage of culture, 
living nearly exclusively by the chase, and almost destitute 
of all social organization. They are found chiefly in the 
more inaccessible wooded uplands of Malacca and Sumatra, 
in the former region more or less intimately associated for 
ages with the Negrito tribes, and in the latter island 
apparently the sole occupiers of the land from the first. 
Intermediate between the Orang Benfia and Orang Maldyu 
are the Orang-laut, the “Sea Gipsies” of English writers, 
who still occupy the same low social position that they held 
when the Portuguese first reached Malaysia. They were 
then described by De Barros under the name of Cellates, or 
“yeople of the Straits,” as “a vile people dwelling more on 
the sea than on the land,” and “living by fishing and rob- 
bing”; and this description is still largely applicable, 
although piracy is now all but suppressed in the Eastern 
waters. The Bajau and Millanau of the Sulu Archipelago 
and neighboring coast lands also belong to this class of sea 
nomads. Lastly, the Orang Malayu are that section of the 
race which, under the influence first of the Hindus and 
then of the Arabs, has developed a national life and culture, 
and which has founded more or less powerful political 
states in various parts of the archipelago. But here again 
it is necessary to distinguish between the civilized Malays 
proper, and the other civilized branches of the race, to whom 
the term Malay is never applied, and who speak languages 
which, while belonging to the common Malay linguistic 
family, differ greatly from the standard Malay speech. 
The chief divisions of all these civilized communities are 
as under :— 

Orang Maléyu: Menangkabo, Palembang, and Lampong in 
Sumatra; petty states of the Malay Peninsula; Borneo; 
Tidor: Ternate. 

Sumatran group: Achinese, Rejangs, Passumahs, 

Jayanese group: Javanese proper, Sundanese, Madurese, 
Balinese. 

Celebes group: Bugis, Mangkassara, and others, 

Philippine group: Tagalas, Bisayans, Bicol, Sulu, and 
others. 

Outlying groups: 
Islanders. 

In all these the distinctly Malay physical type decidedly 
predominates, whereas elsewhere in the archipelago the so- 
called Malays are often rather “ Indonesians,” in whom the 
distinctly Caucasic physical type predominates. Such es- 
pecially are the Battas and Orang Kubu of Sumatra, the 
Nias and Mentawey islanders, the Kayans, and many of 
the Dyak tribes of Borneo,! 

In their temperament no less than in their features the 

. Malays still betray their Asiatic origin. They are described 
as of a taciturn, undemonstrative disposition, little given 
to outward manifestations of joy or sorrow, yet extremely 
courteous towards each other, and as a rule kind to their 
women, children, and domestic animals. Slow and delib- 
erate in speech, neither elated by good nor depressed by bad 
fortune, normally impassive and indolent, they are never- 
theless capable of the greatest excesses when their passions 
are roused. Under the influence of religious excitement, 
losses at gambling, jealousy or other domestic troubles, 
they are often seized by the so-called “amok” fever, when 

they will rush wildly through the crowded streets armed 
with their sharp krisses, cutting down all who cross their 
path with incredible fury and without the least discrimi- 
nation. Amongst the practices and propensities which 
connect them with the Mongoloid inhabitants of Indo- 
China the most striking are pile-building, especially in 
Jaya and Borneo; cock-fighting, universal throughout the 
archipelago; a pronounced taste for putrescent fish, with a 
corresponding dislike of milk ; head-hunting (Borneo and 
Celebes) ; large ear-ornaments, greatly distending the lobe; 
husband entering the wife’s family, and father exchanging 
his own for his child’s name; counting by numeral auxili- 


1 See Carl Bock’s Head-Hunters of Borneo, p. 59. 


Hovas of Madagascar, Formosan 
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aries, such as pebble, chief, log, mountain, feather, etc., 
according to the nature of the object.” 

The race is on the whole of a sluggish intellect, inferior 
in natural intelligence even to the surrounding Papfian 
populations. Dr. Montano tells us that in the girls’ school 
at Malacca, conducted by the Roman Catholic sisters, the 
Chinese children take the first, the Mantras (aborigines) 
the second, and the Malays the last place in order of ca- 
pacity.’ Unaided by foreign influences they never attained 
a higher culture than that of the “Sea Gipsies’’; and for 
their letters, most of their arts, and their religions they are 
indebted either to the Hindus or the Arabs. (A. H. K.) 


Malay Language and Literature. 


The Malay language is a member of the Malayan section 
of the Malayo-Polynesian class of languages, but it is by no 
means arepresentative type of the section which has taken 
its name from it. The area over which it is spoken com- 
prises the peninsula of Malacca with the adjacent islands 
(the Rhio-Lingga Archipelago), the greater part of the coast 
districts of Sumatra and Borneo, the seaports of Java, the 
Sunda and Banda Islands. It is the general medium of 
communication throughout the archipelago from Sumatra 
to the Philippine Islands, and it was so upwards of three 
hundred and fifty years ago when the Portuguese first ap- 
peared in those parts. 

There are no Malay manuscripts extant, no monumental 
records with inscriptions in Malay, dating from before the 
spreading of Islam in the archipelago, about the end of the 
13th century. By some it has been argued from this fact 
that the Malays possessed no kind of writing prior to the 
introduction of the Arabic alphabet (W. Robinson, J. J. de 
Hollander); whereas others have maintained, with greater 
show of probability, that the Malays were in possession of 
an ancient alphabet, and that it was the same as the Re- 
chang (Marsden, Friederich), as the Kawi (Van der Tuuk), 
or most like the Lampong (Kern),—all of which alphabets, 
with the Battak, Bugi, aud Macassar, are ultimately trace- 
able to the ancient Cambojan characters. With the Mo- 
hammedan conquest the Perso-Arabic alphabet was intro- 
duced among the Malays; it has continued ever since to be 
in use for literary, religious, and business purposes. Where 
Javanese is the principal language, Malay is sometimes 
found written with Javanese characters; and in Palem- 
bang, in the Ménangkabo country of Middle Sumatra, the 
Rechang or Renchong characters are in general use, so 
called from the sharp and pointed knife with which they 
are cut on the smooth side of bamboo staves. It is only 
since the Dutch have established their supremacy in the 
archipelago that the Roman character has come to be largely 
used in writing and printing Malay. This is also the case 
in the Straits Settlements. 

By the simplicity of its phonetic elements, the regularity 
of its grammatical structure, and the copiousness of its 
nautical vocabulary, the Malay language is singularly well- 
fitted to be the lingua franca throughout the Indian archi- 
pelago. It possesses the five vowels a, 4, u, e, 0, both short 
and long, and one pure diphthong au. Its consonants are 
k, g, ng, ch, j, %, t, d, n, p, b, m, y, 7, 1, vw, 8,h. Long vowels 
can only occur in open syllables. The only possible con- 
sonantal nexus in purely Malay words is thatof a nasal and 
mute, a liquid and mute and vice versa, and a liquid. and 
nasal, Final k and h are all but suppressed in the utter- 
ance. Purely Arabic letters are only used in Arabic words, 
agreat number of which have been received into the Malay 
vocabulary. But the Arabie character is even less suited 
to Malay than to the other Eastern languages on which it 
has been foisted. As the short vowels are not marked, one 
would, in seeing, e.g., the word bning, think first of bintang, 
a star; but the word might also mean a large scar, to throw 
down, to spread, rigid, mutilated, enceinte, a kind of cu- 
cumber, a redoubt, according as it is pronounced bantang, 
banting, bentang, buntang, buntung, bunting, bonteng, benteng. 

Malay is essentially, with few exceptions, a dissylabie 
language, and the syllabic accent rests on the penultimate 
unless that syllable is open and short; e.g., ditang, namafia, 
bésdr, diumpatkanfiaélah. Nothing in the form of a root 
word indicates the grammatical category to which it be- 
longs; thus kdsth, kindness, affectionate, to love; ganti, a 
proxy, to exchange, instead of. It is only in derivative 
words that this vagueness isavoided. Derivation is effected 
by infixes, prefixes, affixes, and reduplication. Infixes occur 
more rarely in Malay than in the cognate tongues. Ex- 
amples are—guruh, a rumbling noise, gumiruh, to make such 
a noise; tunjuk, to point; telunjuk, the forefinger; chuchuk, 
to pierce, chertichuk, a stockade. The import of the prefixes 
—mé (méng, méi, mén, mém), pé (peng, pen, pén, pom), bér 


2 Col. Yule, in Jour, Anthrop. Soc, for February 1880, 
8 Jour d Anthropologie for March 1882. 
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(bl), per, p&l, ka, di, ttr,—and affixes—an, kan, i, Jah—will 
best appear from the following examples: root word ajar, to 
teach, to learn; méngdjar, to instruct (expresses an action) ; 


bélajar, to study (state or condition); méngajari, to instruct. 
(some one, trans.) ; méngdjarkan, to instruct (in something, | 


causative); péngajar, the instructor; pélajar, the learner; 


péengajaran, the lesson taught, also the school; pélajaran, the | 


lesson learnt; didjar, to be learnt; térajar, learnt; térajar- 
kan, taught; térajari, instructed ; [ péraja (from raja, prince), 
to recognize as prince; pérajdkan, to crown as prince; kara- 
jaan, royalty); aarkanlah, teach! Examples of reduplica- 
tion are—djar-djar, a sainted person; ajar-bérdjar (or béla- 
jar), to be learning and teaching by turns; similarly there 
are forms like djar-méngajar, bérdjar-ajaran, ajar-ajari, mém- 
perajar, meémperajarkan, mémpétrajari, térbélajarkan, pérbéla- 
jurkan, etc. Altogether there are upwards of a hundred 
possible derivative forms, in the idiomatic use of which the 
Malays exhibit much skill. See especially H. yon Dewall, 
De vormveranderingen der Maleische taal, Batavia, 1864; and 
J. Pijnappel, Maleisch-Hollandsch Woordenboek, Amsterdam, 
1875, “ Inleiding.” In every other respect the language is 
characterized by great simplicity and indefiniteness. There 
is no inflection to distinguish number, gender, or case. 
Number is never indicated when the sense is obvious or can 
be gathered from the context; otherwise plurality is ex- 
pressed by adjectives such as sagdla, all, and bafak, many, 
more rarely by the repetition of the noun, and the indefi- 
nite singular by sa or satu, one, with a class-word. Gender 
may, if necessary, be distinguished by the words laki-laki, 
male, and pérampian, female, in the case of persons, and of 
jantan and bétina in the case of animals. The genitive case 
is generally indicated by the position of the word after its 
governing noun. Also adjectives and demonstrative pro- 
nouns have their places after the noun. Comparison is 
effected by the use of particles. Instead of the personal 
pronouns, both in their full and abbreviated forms, con- 
ventional nouns are in frequent use to indicate the social 
position or relation of the respective interlocutors, as, e.g., 
hamba tuwan, the master’s slave, i.e, I. These nouns vary 
according to the different localities. Another peculiarity 
of Malay (and likewise of Chinese, Shan, Talaing, Bur- 
mese, and Siamese) is the use of certain class-words or 
coefficients with numerals, such as orang (man), when speak- 
ing of persons, ekor (tail) of animals, képing (piece) of flat 
things, biji (seed) of roundish things; e.9., lima biji télor, 
five eggs. The number of these class-words is considerable. 
Malay verbs have neither person or number nor mood or 
tense. The last two are sometimes indicated by particles 
or auxiliary verbs; but these are generally dispensed with 
if the meaning is sufficiently plain without them. The 
Malays avoid the building up of long sentences. The two 
main rules by which the order of the words in a sentence 
is regulated are—subject, verb, object; and qualifying words 
follow those which they qualify. ‘This is quite the reverse 
of what is the rule in Burmese. 

The history of the Malays amply accounts for the number 
and variety of foreign ingredients in their language. Hin- 
dus appear to have settled in Sumatra and Java as early as 
the 4th century of our era, and to have continued to exer- 
cise sway over the native populations for many centuries. 
These received from them into their language a very large 
number of Sanskrit terms from which we can infer the 
nature of the civilizing influence imparted by the Hindu 
rulers. Not only in words concerning commerce and agri- 
culture, but also in terms connected with social, religious, 
and administrative matters, that influence is traceable in 
Malay. See W. E. Maxwell, Manual of the Malay Language, 
1882, pp. 5-34, where this subject is treated more fully than 
by previous writers. This Sanskrit element forms such an 
integral part of the Malay vocabulary that in spite of the 
subsequent infusion of Arabic and Persian words adopted 
in the usual course of Mohammedan conquest it has re- 
tained its ancient citizenship in the language. The number 
of Portuguese, English, Dutch, and Chinese words in Malay 
is not considerable; their presence is easily accounted for 
by political or commercial contact. 

The Malay language abounds in idiomatic expressions, 
which constitute the chief difficulty in its acquisition. It 
is sparing in the use of personal pronouns, and prefers im- 
personal and elliptical diction. As it is rich in specific ex- 
pressions for the various aspects of certain ideas, it is re- 
quisite to employ always the most appropriate term suited 
to the particular aspect. In Maxwell’s Manual, pp. 120 sq., 
no less than sixteen terms are given te express the different 
kinds of striking, as many for the different kinds of speak- 
ing, eighteen for the various modes of carrying, etc. An 
unnecessary distinction has been made between High Malay 
and Low Malay. The latter is no separate dialect at all, but 
amere brogue or jargon, the medium of intercourse between 
illiterate natives and Eurepeans tee indelent to apply them- 
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| selves to the acquisition of the language of the people; its 
vocabulary is made up of Malay words, with a conventional 
/admixture of words from other languages; and it varies, 
not only in different localities, but also in proportion to the 
individual speaker’s acquaintance with Malay proper. The 
use is different as regards the term Jdwi as applied to the 
Malay language. This has its origin in the names Great 
Java and Lesser Java, by which the medizyal Java and 
Sumatra were called, and itaccordingly means the language 
| spoken along the coasts of the two great islands, 

Malay is probably spoken with greatest purity in the 
Rhio-Lingga Archipelago and in the independent states of 
Perak and Kedah, on the western coast of the peninsula of 
Malacca. In other states of the peninsula (Johor, Tring- 
ganu, Kelantan) dialectical divergencies both as to pro- 
nunciation and the use of words haye been noted. The 
most important and the most interesting of all the Malay 
dialects is that of Menangkabo (Menangkarbau) in the re- 
sidency of Padang and in Upper Jambi, in Central Sumatra. 
It abounds in diphthongs, and prefers vocalic to consonantal 
terminations, thus changing final al and ar into a’, il and 
ir into iye, ul and ar into wwe, as and at into e’, us into uwi ; 
final a mostly passes into 6, so that for sudd@ra and suddgar 
they say sudérd, sudégd ; the emphatic lah is turned into 
| -malah or malah hé; the prefixes bér, pér, tér are changed 

into 6d, pd, td, or bard, pard, tird. Among other changes 
in pronunciation may be noted wrang for orang, mungko for 
maka, lai for lagi; they use nan for yang, nw for hendak, deh 
for oleh, ba’ for bagai, pai for pergi, ko’ for jikalau, ete. In 
some districts of Menangkabo (Palembang, Lebong) the 
Renchong character is in general use in writing this dia- 
lect, for which purpose it is far better suited than the 
Arabic. As early as 1822 a small tract on the customs and 
traditions of Moko-Moko, in this dialect, was printed with 
a translation at Bencoolen. But it is only in recent years 
that the Dutch have commenced to pay the dialect the at- 
tention it deserves, by publishing texts, with translitera- 
tion and translations, and supplying other materials for its 
investigation. See the Transactions and Journal of the 
Asiatic Societies of Batavia and the Hague, the Indische 
Gids, and more especially the philological portion, by A. L. 
van Hasselt, of Midden-Sumatra, iii. 1 (Leyden, 1880), where 
also the best and fullest account of the Renchong character 
is to be found. Of other Malay dialects in Sumatra, only 
the one spoken at Achih (Achin) deserves mention ; in Java 
the Batavian dialect shows the most marked peculiarities. 
The numerous and greatly divergent dialects spoken in the 
Molucea Islands (valuable information on which has been 
supplied by F. S. A. de Clereg, G. W. W.C. van Hoevell, and 
A. van Ekris) and in Timor differ so materially from the 
Malay of the peninsula and of Menangkabo that they can- 
not be called Malay dialects at all; whereas the Malay 
spoken in some parts of the Minahassa (Celebes) scarcely 
differs from Malay proper. 

There is no grammar of Malay by a native writer with 
the sole exception of a small tract of 70 pages, entitled 
Bustainu ’lkatibin, by Raja Ali Hajji of Rhio, which was 
lithographed in the island of Pefiengal in 1857, A, Piga- 
fetta, who accompanied Magellan in his first voyage round 
the globe, was the first European whose vocabulary of 
Malay words (450) has come down to us. Next in the field 
were the Dutch, who provided a medium of intercourse be- 
tween their traders and the Malays. IF’. Houtman’s Vocabu- 
lary and Conversations, in Dutch, Malay, and Malagasy, ap- 
peared at Amsterdam in 1603; and it may be noted that the 
Malay spoken in those days does not appear to have ma- 
terially altered since. The same dialogues appeared in 
English and Malay in 1614. Since then numerous gram- 
mars, dictionaries, and conversation books have been 
brought out by English and Dutch writers. As the best 
helps at present available for the study of Malay may be 
recommended W. E. Maxwell’s Manual of the Malay Lan- 
guage, London, 1882 (especially valuable for its full treat- 
ment of the idioms); P. Favre, Grammaire de la langue 
Malaise, Vienna and Paris, 1876; and Dictionnaire Malais- 
Frangais, ib., 1875, 2 vols.; Dictionnaire Frangais-Malais, ib., 
1880, 2 vols.; J. J. de Hollander, Handleiding bij de beoefen- 
ing der Maleische taal en letterkunde, Breda, 1882; J. Pijnap- 
pel, Maleische Spraakkunst, Hague, 1866; and Maleisch-Hol- 
landsch Woordenboek, Amsterdam, 1875. The printing of 
Von Dewall’s Dictionary, edited by H. N. van der Tuuk, is 
still in progress at Batavia. 

Literature.—There are two kinds of Malay popular litera- 
ture—the one in prose, the other in poetry. ‘The former 
comprises the proverbs, the latter the “ pantuns.” “ Agri- 
culture, hunting, fishing, boating, and wood-craft are the 
occupations or accomplishments which furnish most of the 
illustrations, and the number of beasts, birds, fishes, and 
plants named in a collection of Malay proverbs will be 
' found to be considerable” (W. E. Maxwell, Malay Proverbs). 
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H. C. Klinkert published a collection in the Bijdragen tot de 
taalkunde van N. I. (Journal of the Asiatic Society of the 
Hague) for 1866, pp. 39-87. See also J. Habbema on the 
Menangkabo proverbs, in vols. xxv. and xxvi. of the Bata- 
vian Tijdschrift, and Fayre’s Dictionnaire Malais-Frangais, 
passim. The pantuns are improvised poems, generally 
(though not necessarily) of four lines, in which the first 
and third and the second and fourth rhyme. They are 
mostly love poems; and their chief peculiarity is that the 
meaning intended to be conveyed is expressed in the second 
couplet, whereas the first contains a simile or distant allu- 
sion to the second, or often has, beyond the rhyme, no con- 
nection with the second at all. The Malays are fond of 
reciting such rhymes “in alternate contest for several 
hours, the preceding pantun furnishing the catchword to 
that which follows, until one of the parties be silenced or 
vanquished.” See T. J. Newbold, Account of the British Set- 
tlements in the Straits of Malacca, vol. ii. 346 ; Klinkert in the 
Bijdragen for 1868, pp. 309-70; L. K. Harmsen in the Tijd- 
schrift, vol. xxi. pp. 480-533 (Menangkabo). If the Malays 
have kept entirely aloof from the influences of Islam in 
this the most characteristic part of their literature, they 
have almost equally preserved their independence in the 
other departments. Not that this may be considered en- 
tirely to their credit; for, if they had endeavored to infuse 
into their writings some of the spirit of Arabic and Persian 
historiography, poetry, and fiction, it could not but have 
benefited the character of their own literary productions. 
As itis, their histories and chronicles are a strange motley 
of truth and fiction ; their poems and novels lack coherence 
and imagination, and are singularly monotonous and de- 
void of that spirit of chivalry which pervades the corre- 
sponding branches of literature among the leading nations 
of Islam. As Malay copyists are much given to making 
arbitary changes, it happens that no two MSS. agree, and 
that of many a popular work different recensions exist, 
which, moreover, often go by different names. This cir- 
cumstance greatly tends to increase the difficulties of edit- 
ing Malay texts. Works on specially Mohammedan sub- 
jects (theology, law, ethics, mysticism) are of course only 
imitations of Arabic or Persian originals; there are also 
numerous novels and poems treating of purely Mohamme- 
dan legends. But not only is there traceable in many of 
these a slight undercurrent of Hinduism and even pre-Hin- 
duism ; the Malays possess also, and indiscriminately read 
along with their Mohammedan books, quite as many works 
of fiction of purely Hindu origin. The want, however, of 
political cohesion, and of a national spirit among tribes so 
scattered as the Malays are, which could have favored the 
growth of a national epic or national songs, sufficiently ac- 
counts for the absence from their literature of any produc- 
tions of this class, such as exist in Bugi and Macassar litera- 
ture. The most popular of their poetical productions are 
the Sha ir Ken Jambihan, Sha ir Bidasari, Sha ir Jawhar Mani- 
kam and Sha'ir ‘ Abdw Imulitk, all of which have been printed. 
Among the prose works there are various collections of local 
laws and customs (wndang-undang), chronicles ‘such as the 
Sajarat malayu), books on ethics (the best are the Makota 
sagala raja-raja, and the Bustdnu'ssalatin, and a very large 
number of works of fiction and legendary lore, some of 
which possess much descriptive power. They all bear the 
title Hikayat, and the following are the best-known: I. 
Hang Tiiah, H. Hamzah, H. Isma Yatim, H. Jumjumah, TH, 
Bakhtiyar (Sadah Bakhtin, Gholim), H. Simiskin, H. Sultan 
Ibrahim, H. Sri Rama, H. Pandawa lima. Several of these 
and many other works not mentioned here have appeared 
in print (with or without translation) chiefly in Holland, 
Batavia, and Singapore, and extracts have been given in 
the various Malay chrestomathies by Dulaurier, De Hol- 
lander, Niemann, Van der Tuuk, Grashuis, and in Mars- 
den’s Malay Grammar. The best recent Malay writer was 
‘Abdullah ibn ‘Abdelkadir Muanshi of Singapore, who died, 
it is said of poison, at Mecca, some eight and twenty years 
ago. His autobiography, “journey to Kelantan,” and “ pil- 
grimage to Mecca” are patterns of Malay style, though the 
author’s contact with educated Europeans is traceable in 
them, while his translation (fromthe Tamil version) of the 
Panchatantra is free from such influence. 

_ Malay literature is fairly represented in England in the 
British Museum, the India Office, and the Royal Asiatic 
Society, and descriptive catalogues of the Malay MSS, in 
each of these libraries are available. See Niemann in the 
Bijdragen, iii. 6, p. 96-101; Van der Tuuk in Tijdschrift voor 
Ned. Indié for 1849, i. p. 385-400, and in the Journal of the 
Royal Asiatic Society, new series, ii. p. 85-135. An account 
of the Leyden collection, by J. Pijnappel, is given in the 
Bijdragen, iii. 5, p. 142-178. The finest collection of Malay 
MSS., upwards of 400 volumes, is in the library of the 
Asiatic Society of Batavia. See L. W. C. van den Berg, 
Verslag van eene verzameling Maleische, etc., handschriften, 
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Batavia, 1877. If it had not been for the loss, by fire, on 
their passage from India, of three hundred Malay MSS., the 
property of the late Sir T. S. Raffles, England would now 
boast of the largest assemblage of Malay MSS. in the world. 
On Malay literature in general compare G. H. Werndly, 
Maleische Spraakkunst, Amsterdam, 1736, pp. 227-357; KE. 
Jacquet in the Nouveau Journal Asiatique, vol. ix. (1832), pp. 
97-132, and 222-253; T. J. Newbold, British Settlements in the 
Straits of Malacea, 1839, vol. ii. pp. 215-368; E. Dulaurier, 
Mémoire, lettres, et rapports, Paris, 1843; J. J. de Hollander, 
Handleiding bij de beoefening der Maleische taal en letterkunde, 
Breda, 1882, pp. 277-388; and G. K. Niemann, in Bijdragen, 
iii. 1 (1866), pp. 113-46, 333 sq. (Rk. RB.) 


MALCOLM, Sir Jonn, G.C.B. (1769-1833), sol- 
dier, diplomatist, administrator, and author, was born 
at Burnfoot of Esk, near Langholm, Dumfriesshire, 
Scotland, on May 2, 1769. At the age of twelve he 
received a cadetship in the Indian army, and in 
April, 1783, he ised at Madras, shortly afterwards 
joining his regiment at Vellore. In 1792, having for 
some time devoted himself to the study of Persian, he 
was appointed to the staff of Lord Cornwallis as Persian 
interpreter, but two years afterwards was compelled 
by ill-health to leave for England. On his return to 
India in 1796 he became military secretary to Sir 
Alured Clarke, commander-in-chiet’ at Madras, and 
afterwards to his successor General Harris; and in 
1798 he was appointed by Lord Wellesley assistant to 
the resident at Hyderabad. In the last-mentioned 
capacity he highly distinguished himself by the man- 
ner in which he gave effect to the difficult measure of 
disbanding the French corps in the pay of the nizam. 
In 1799, under the walls of Seringapatam, began his 
intimacy with Colonel Arthur Wellesley, which in a 
short time ripened into a life-long friendship ; in the 
course of the same year he acted as first secretary 
to the commission appointed to settle the Mysore gov- 
ernment, and before its close he was appointed by Lord 
Wellesley to proceed as envoy to the court of Persia 
for the purpose of counteracting the policy of the 
French by inducing that country to form a British alli- 
ance. Arriving at Teheran in December, 1800, he was 
successful in negotiating favorable treaties, both politi- 
cal and commercial, and returned to Bombay by way 
of Baghdad in May, 1801. He now for some time 
held the interim post of private secretary to Lord 
Wellesley, and in 1803 was appointed to the Mysore 
residency. At the close of the Mahratta war, in 1804, 
and again in 1805, he negotiated important treaties 
with Sindhia and Holkar, and in 1806, besides seeing 
the arrangements arising out of these alliances carried 
out, he directed the difficult work of reducing the im- 
mense body of irregular native troops. In 1808 he was 
again sent on a mission to Persia, but  circum- 
stances prevented him from getting beyond Bushire ; 
on his reappointment in 1810, he was successful indeed 
in procuring a favorable reception at court, but other- 
wise his embassy, if the information which he after- 
wards incorporated in his works on Persia be left out 
of account, was (through no fault. of his) without any 
substantial result. He sailed for England in 1811, and 
shortly after his arrival in the following year was 
knighted. His intervals of leisure he devoted to 
literary work, and especially to the composition of a 
History of Persia, which was published in two quarto 
volumes in 1815. On his return to India in 1817 he 
was appointed by Lord Moira his political agent in the 
Deccan, with eligibility for military command; as 
brigadier-general under Sir T. Hislop he served 
against the Mahrattas and Pindharis, and took a dis- 
tinguished part in the victory of Mehidpur (December 
21, 1817), as also in the subsequent work of follow- 
ing up the fugitives, determining the conditions of 
peace, and settling the country. In 1821 he returned 
once more to England, where he remained until 1827, 
when he was appointed to the Bombay government. 
His influence in this office was directed to the promo- 
tion of various economical reforms and useful adminis- 
trative measures. Leaving India for the last time in 
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1830, he shortly after his arrival in England entered 
parliament as member for Latinceston, and was an 
active opponent of the Reform Bill. He died of 
paralysis on May 30, 1833. 


Besides the work mentioned above, Sir John Malcolm 
published Sketch of the Political History of India since Sak 
1744, in 1811 and 1826; Sketch of the Sikhs, 1812; Observations 
on the Disturbances in the Madras Army in 1809, 1812; Persia, 
a@ Poem, anonymous, 1814; A Memoir of Central India, 2 vols., 
1823 ; and Sketches of Persia, ammonymous, 1827. A posthumous 
work, Life of Robert, Lord Clive, appeared in 1836, See Life 
and Correspondence of Major-General Sir John Malcolm, G.C.B., 
by J. W. Kaye, 2 vols., 1856. 


MALDAT, a district in the lieutenant-governorship 
of Bengal, India, between 24° 297 5077 and 25° 827 3077 
N. lat., and 87° 48” and 88° 337 30’ E. long., the Ganges 
river forming the continuous west and south-west 
boundary. ‘The administrative headquarters are at 
English Bazir. The district, of which the area is 1813 
square miles, is divided into two almost equal parts by 
the Mahanandaé river, flowing from north to south. 
The western tract between the Mahdnand4 and the 
main stream of the Ganges is a low-lying alluvial 
ain of sandy soil and great fertility. The eastern 
Ralf is an elevated region broken by the deep valleys 
of the TAngan and Purn&bhabé rivers and their small 
tributary streams. The soil of this district is a*hard 
red clay; and the whole is overgrown with thorny 
tree jungle known as the /ka@tdl. Agricultural pros- 
perity centres on the Mahdnandé, where mango or- 
chards and high raised plots of mulberry land extend 
continuously along bath banks of the river. The 
Ganges nowhere intersects the district, but skirts it 
from its northwestern corner to the extreme south. 
The Mahanandé flows in a deep well-defined channel 
through the centre of the district, and joins the 
Ganges at the southern corner. Its tributaries are 
the Kalindri on the right, and the T’angan and Pur- 
nabhaba on the left bank. 


The population in 1881 was 710,310 (347,055 males and 
363,255 females). In 1872 the number of inhabitants was 
671,974,—355,276 Hindus, 307,460 Mohammedans, 9195 abo- 
rigines, and 43 Christians. The male adult agriculturists 
numbered 134,358, Only two towns then contained upwards 
of 5000 inhabitants, viz., English Bazar or Angrazdbdd, 
12,859, and Maldah, 5262. The most important centres of 
commerce are Haiatpur on the Ganges, and Rohanpur on 
the Purndébhaba, just above the confluence of that river 
with the Mahdnand4. Rice constitutes the staple crop, 
and occupies about 53 per cent. of the total cultivated food 
crop area. ‘The miscellaneous crops include indigo, mul- 
berry, and mangoes. The average rate of rent may be put 
at over 4s. an acre. There is little that is peculiar in the 
land tenures of the district, except the existence of several 
large rent-free estates, granted as endowments to Moham- 
medan fakirs. Among cultivating tenures, the hal hdsilé 
deserves notice, under which the annual rent varies accord- 
ing to the nature of the crop raised. This tenure is most 
common in the backward parts of the district, and one of 
its incidents is that it allows a certain proportion of the 
village lands to lie fallow. Maldah is liable to some extent 
to the calamities of flood and drought; but the means of 
communication by river are sufficiently ample to prevent 
scarcity from intensifying into acute distress. The two 
staple manufactures are silk and cotton. Brass ware of 
excellent quality is manufactured at NawAbganj, and paper 
in certain villages. The principal exports are rice, silk, 
indigo, brass ware, and mango fruit. The imports com- 
prise cotton cloth, salt, sugar, spices, and betel-nuts. The 
net revenue of the district in 1880-81 amounted to £60,674, 
of which £37,998 was derived from the land-tax, and £11,- 
538 from excise. Education was afforded in 1872 by 170 
schools, attended by 4207 pupils. The average annual rain- 
fall of the district is returned at 54.56 inches. The chief 
epidemic diseases are malarious fever, cholera, and small- 
pox. 

Maldah supplied two great capitals to the early Moham- 
medan kings of Bengal; and the sites of Gaur and Panduah 


* exhibit the most interesting remains to be found in the 


lower Gangetic valley. See Gaur, vol. x. p. 101 sq. The 
connection of the East India Company with Maldah dates 
from a very early period. As far back as 1686 there was a 
silk factory there. In 1770 English Bazar was fixed upon 
for a commercial residency, the buildings of which at the 
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present day form both the public offices and private resi- 
dence of the collector. 


MALDEN, a city of the United States, in Middle- 
sex county, Massachusetts, situated on the Malden 
river, five miles north of Boston. Malden was settled 
in 1634, being then known as the village of Mystic 
Side. It was incorporated as a town under the name 
of ‘‘Mauldon”’ in 1649, and became a city in 1882. 
It is a place of considerable industry, producing india- 
rubber boots and shoes, leather, lasts, sandpaper, ete. 
There are turkey red dye-works; and the U. 8. Govy- 
ernment has a depot where large quantities of salt- 
petre are stored. Judson, the apostle of Burmah, 
was born in the town in 1788. The population has 
increased from 7367 in 1870 to 12,017 in 1880. 

MALDIVE ISLANDS, a remarkable archipelago 
in the Indian Ocean, the northern extremity of which 
is 7° west of Ceylon, and which extends in length 
from north to south, from 7° 77 N. lat. to 0° 4278., a 
space of 540 British miles (or about as far as from 
I<irkwall in Orkney to Dover), and is limited in width 
by the meridians 72° 27’ and 738° 50’. The strange 
appearance which this group assumes in the old maps 
of the 16th and 17th centuries (see fig. 2, from Muppe- 
monde, cited on p. 331) is entirely inaccurate in detail, 
but hardly so singular as the reality exhibited by 
modern surveys. 

The archipelago is in some respects one of the most 
distinctly typical examples of a great aggregation of 
coral islands; indeed the technical name adopted by 
modern science for the annular coral formation which 
they exhibit (viz., ato/l) has been taken from the. 
language of these islands.? For Mr. Darwin’s theory 
of such formations see vol. vi. p. 335. Objections to 
this have recently been raised We Mr. John Murray, 
but these do not affect the description.*® 

The Maldive archipelago in plan may be compared 
to a chain suspended from a peg, each link of which 
chain is an irregularly elliptical chaplet of islets, the 
greater axes of these quasi-ellipses varying from about 
90 miles downwards. ‘Taking separately any one of 
these chaplets (or atolls), we now know it to be the 
nearly level summit of a submarine table-mountain, — 
rising abruptly from the unfathomable ocean, an 
approaching the surface within a distance which varies 
in different atolls from 20 to 45 fathoms. The quasi- 
elliptical margin of the atoll is fringed, and the central 
expanse of its area is more or less sparsely studded, 
‘with oval basins of coral-rock just lipping the surface 
of the sea, and each containing a lake of clear water’’ 
(Darwin). ‘These small oval basins, or ring-shaped 
reefs and islets, are in fact essentially miniatures of 
the atoll itself. 

The general impression made by the Maldive atoll 
is vividly drawn by the French adventurer Pyrard de 
la Val (1602-7) : 


“ach atollon is detached, and contains within it a great 
multitude of small islands, It isa marvel to see one of 
these atollons, compassed all round by a great bank of 
stone, insomuch that no art of man could so well enclose 
with walls an equal space of ground..... Looking from 
the middle of an atollon you see all round you that great 
bank of stone encircling the isles and defending them 
against the violence of the sea, And it is a fearful thing 
even for the boldest to draw near this bank and see the 
wayes come on and break furiously all round. .... so 
that you see all round you as it were a whitened wall.” 


Though the barrier reef, or bane de pierre, of which 
Pyrard speaks, exists in most of the atolls, there is 


1 The solitary island of Minucoy Gas lying 70 miles north 
to the Maldives (med. lat. 8° 16/30’ N.; population 8000), pertains 
to these islands by the race and language of its people, but, as 
it has long belonged to the raja of Cannanore, it is usually classed 
with the Laccadives, 

2Mald. atolu. The word atollon is already defined as a generic 
expression in Zeidler’s Universal Lexicon, 1782 (“a name applied to 
such a place in the sea as exhibits a heap of little islands lying 
close together, and almost hanging on each other’’), Ato/w is 
Piel connected with the Singhalese prep. etula, “inside” 

ell). 

% See Proc. Roy. Soc. Edin., 1879-80, No. 107. 


_ viously the whole aggregate of actual dry land in such 
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none in the most northerly of the great atolls pee 
dummati and Milladummadu, two divisions of one 
atoll). In this there are broad and safe navigable 
channels, from one to two miles wide, between all the 
islands forming the chaplet. A vessel can enter the 
atoll by any one of these channels, and steer within 
it in any direction, anchoring anywhere on a sandy 
bottom in 20 to 25 fathoms. In the more southerly 
atolls entrance channels are only found at occasional | 
intervals, though in all they are pretty numerous. 
Thus in Suadiva, the most southerly of the large 
atolls (50 miles from north to south, 36 miles from 
east to west), which has a barrier reef on great part 
of its contour, there are forty-two channels by which 
a ship can enter the lagoon. 

It is observed that in the double part of the chain of 
atolls the openings are most numerous on those sides 
which are in juxtaposition. Thus on the three atolls of 
Avi and North and South Nilandu there are on the 
inner or eastern side seventy-three deep-water chan- 
nels through the barrier, on the outer or western side 
only twenty-five; while on the atolls of South Malé, 
Felidai, and Mulaku, which lie facing the three former, 
there are on the inner or western side fifty-six deep- 
water openings, and on the outer or eastern side m8 
thirty-seven. hese differences are doubtless due to 
differences in the action of the sea caused by the juxta- 
position of the two rows of atolls, and analogous facts 
are observed elsewhere in atolls exposed to trade-winds. 

Immediately outside of the great chaplets or atolls 
the figures of the soundings rise suddenly. Thus at 
Thavandiffulu (Heawandoo of charts), the most north- 
erly atoll, close to the margin of the reef the line gave 
50 and 60 fathoms, and at 300 yards distance there was 
no bottom with a 300-fathom line. And this sudden 
increase of depth applies to the deep channels between 
up atolls as much as to the ocean east and west of 
them. 

We have spoken of the small reefs, which fringe the 
atolls and dot their area, as also ring-shaped. This is 
the type, but it is not universal. The charts show that 
where the channels or breachés through the marginal 
reef of the atoll are few or narrow there are no minor 
annular reefs (e.7., in Suadiva) ; where the channels are 
somewhat broader, the intercepted portions of reef are 
annular, but not the reef in the central area; where 
the channels are broadest, almost every reef throughout 
the atoll is more or less perfectly annular. The depth 
of the lagoon within thes rings is generally 5 to 7 
fathoms, but sometimes, as in Ari atoll, it reaches 12 
fathoms. The outer margin of the ring is bordered 
with living coral, within which is a flat surface of 
coral-rock. On this flat, sand partially indurated, and 
fragments of coral, etc., have accumulated, and been 
converted into islets clothed with vegetation. Such 
islets sometimes fill the whole ring of reef, and some- 
times are mere strips occupying a segment of it. Ob- 


an archipelago is infinitesimal compared with the area 
of the atolls. The highest part of the island is gene- 
rally about 6 feet above water. Moresby found the 
surface-sand usually about 3 feet thick, the upper part 

artially mixed with vegetable matter so as to form a 
fen soil; below this a white compact sand, and then 
a soft sandstone two feet thick, below which it softened 
to sand again, and fresh water appeared. 

All the islands of any extent are well clothed with 
wood, including many fine large trees and the ordinary 
shrubs of the Ceylon coast-jungle; where the jungle 
has been cleared, grass grows luxuriantly. But the 
cocoa-palm is the characteristic tree, and, low as the 
islands are, being covered with these, they can be seen 
from a masthead at 15 miles. The appearance they 
present is that of a tuft or line of trees rising out of 
the water. 

A good deal of vicissitude seems to go on in the 
formation of new islets «nd decay of old ones, of which 
our survey-officers met with various instances. 
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All the inhabited islands, and some besides, afford 
fresh water. But the quality of water varies; and it 
is not uncommon to see two wells within a few feet of 
each other, one brackish and the other excellent. 
None of the wells are more than 6 feet deep. 

The whole archipelago has from the earliae reports 
of it formed a little kingdom. Physically the number 
of atolls may be reckoned as nineteen, besides some 
solitary islands; but administratively these are grouped 
into thirteen, and the term atoll has been transferred 
to this division. We give in the following table the 
list of these (political) atolls, in a second column the 
spelling of the marine charts, and in a third the list 
of atolls as given by Pyrard de la Val, in the beginning 
of the 17th century. 


7 3) e Asin Moresby's | As in Pyrard de 
Names of atolls: Charts, 1837. la Val. 
1. Tilladummati. Tilla Dou Matte. ar An matis. 
2. Miladummadulu,! ‘ . Milla doue ma- 
or Miladummadu. } Milla Dou Madou. { doue. 
8. Fadiffolu. Paddipholo. Padypolo. 
4. Malosmadulu, Mahlos Mahdou. Malos madou. 
5. MAlé. Malé, Malé Atollon. 
6. Ari. Ari. Ariatollon, 
7. Felidu. Phah-Lee-doo, Poulisdous, 
8. Mulaku. Moloque. Molucque. 
9, Nilandu. Nillandoo. Nillandous. 
10. Solum oF t | Collomandoo. Collomadous. 
11. Haddummati. Adou Matte. nied Adou matis. 
12. Suvdadiva, or Suadiva, or Hooah-} ) « 
Huvyadu. : doo. ’ ater ‘ 
18. Addu, which in- Addou an 
cludes the island baa og Sr J Poua  Mol- 
of Fua Mulaku. ‘ 7 l lueque. 


The list from Pyrard shows that the division in the 
beginning of the 17th century was identical with what 
it now is. But we may gather that it is substantially 
of much greater antiquity, from the statement of Ibn 
Batuta (c. 1343), who says the islands were divided 
into allim («Aiuara), each under a governor. He men- 
tions eleven of these ;—Balibfar, ‘Kannalis, Mahal, 
Tiladtb, Kariidfi, Tim, Tiladummati, Hiladummati, 
Baridi, Kandakal, Mulik,—of which indeed the 
names of only seven, viz., (1) Tiladummati, (2) Hela 
dummati, (3) Balibtir, (5) Mahal, (7) Barfdfi, (8) 
Muliik, (12) Suweid, can be identified with those of 
the existing divisions. But another, Karaidti, no 
doubt represents Karadiva, a well-known solitary 
island north of Malé atoll; Kandakal is an island of 
the Miladummadu atoll, called in the charts Condai- 
coll; ‘Tim appears near the north of Tilladummati as 
Oteim; and the three—Kannaltis, Kandakal, and Tim 
—are presented prominently as the islands Camdalus, 
Camdicall, and Otimo in the Mappemonde made for 
Henry IL. of France (c. 1555, see Jomard’s Mucsimiles, 
livy”. vi., copied in fig. 2 supra; and compare Porto- 
lano of 1570, copied in Mr. Binds translation of Al- 
buquerque’s Commentaries). Possibly, therefore, the 
Moorish traveller had substituted true names of islands 
which he remembered for the names of atolls which he 
had forgotten. 

The Maldives are inhabited by a people of old civili- 
zation, professing Islam, and ruled by a sultan of 
ancient lineage. What the number of islands may be 
we cannot say. They are popularly estimated at 
12,000, as appears by the ancient style of the sultan as 
“king of 12,000 islands and 138 atolls.’’ (See also 
Marco Polo, 20 ed., 1875, ii. 417-19.) Those marked 
with names in the British survey amount to 602, and 
the inhabited islands to 178. The men are of a dark- 
ish copper color, short stature (5 feet 2 inches), and 
poor physique, but oval contour of face, pleasing ex- 
pression, and large bright eyes, suggesting resemblance 
to both the Singhalese and Malabar people. The 
women are fairer than the men, with regular features 
and clean healthy aspect. A few of the people bear 

1 The frequent termination du represents the Singh. diva, diva, 


and Sansk. dvipa, “island.” Bell takes madulu for Sansk. mandala, 
“region.” Qu. mahd-atolu, “great atoll”’? ie 
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signs of African mixture, easily accounted for; and 
probably the blood of the small communities has been 
tinged by the occasional settlement of other foreigners, 
The people are decidedly unwarlike; and there is 
hardly any’crime of violence among them. They are 
said to be lax in morals and conversation; but other- 
wise their character and disposition have fayorably 
impressed visitors. Though suspicious of strangers, 
they are hospitable; and among themselves they are 
kindly, and affectionate to their kindred and in attend- 
ance on the sick. They are very cleanly in person and 
domestic habits. The population has been guessed in 
some books at 200,000; saa certainly one-tenth of 
that number would be an ample estimate. Moresby 
states the population of 98 islands, and the aggregate 
is 11,310. In the same proportion 178 islands would 
give 20,543; but the aggregate quoted includes the 
<ing’s Island, which is much above the average in 
population. 

‘he language is undoubtedly a dialect of Singhalese 
approaching the old Hu, but indicating a separation 
of ancient date, and it is more or less Mcbarmmadtet 
ized. Nothing at present can be said of grammar. 
But Mr. Albert Gray has drawn out in parallel columns 
the Maldivian words given by Pyrard with the modern 
Singhalese equivalents (see Jow. Roy. As. Soc., 
quoted at end). A cursory analysis of the list (which 
contains 275 words) gives the following result :— 


Per cent. 
1. Words evidently to be explained by Singhalese, 58.0 
2. Words less evidently ys ee 4 2.2 
3. Persian and Arabic. 25 << « «© «+s eles ee ene 10.6 
4, Mealy eis coved dc oie 316-4) 0 9) siovolew oe sone ene 1.9 
Be Tan eccece Sieve evecare 80s ails 2 4 oyna a ie 
6; Portuguese. soc. aso oie « be. 0e olive) a Wate Rane SES) 
7, Sanskrit or Pali, not Singhalese............. 0.8 
8. Unidetermined. sof. 5 sve. cie nee mle 6 nln ene ean 24.3 


Combining 1, 2, and 7, we have 61 per cent. of 
words of Singhalese or Sanskrit origin. And an an- 
alysis by Mr. Bell of one of the sultan’s letters to the 
Ceylon Government gives 65 per cent. of such words. 

The origin of the name Mal-diva or Maldiwa is ob- 
secure. Diva is a familiar word in the Indian pralrits ~ 
(Sansk., dvipa; Pali, dipo) for an island. Bya form 
of this word the people formerly designated themselves 
and their country, and this survives in letters of last 
century from the sultan to the Ceylon Government, in 
which he designates his kingdom as Divehi Rajjé, and 
his subjects as Divehi mihun, ‘‘island people.’”’ There 
is a very old example of this use in Ammianus Mar- 
cellinus, who, in reference to the alleged excitement in 
the East at the accession of Julian, says that missions 
were prepared ‘‘ab usque Divis et Serendivis,”’ from 
the people of the Divas and of Serendiva or Ceylon, 
And this is the name Diva or Diba-jat (Pers. plural 
form) by which these islands are described by the early 
Arabian geographers. The first literary use of the 
whole name is Tbn Batuta’s Dhibat-al-Mahal (14th 
century), an Arabized form, sometimes used (Mahal- 
dib) by the people now, though the proper form seems 
to be Malé. Malé-diva may possibly, as Bishop Cald- 
well (comp. Grammar, 2d ed., Introd. p. 28) and 
others have suggested, have meant the ‘islands of 
Malé”’ or Malabar. On the other hand Jala (Sansk.), 
‘*a chaplet”’ or ‘‘row,”’ is not an impossible etymology 
considering how naturally the word “‘ chaplet’’ occurs 
in the endeavor to describe an atoll. But these are 
conjectures. Under the sultan (who styles himself on 
coinage ‘‘ Lord of Land and Sea’’) there used to be 
six recognized viziers or councillors (but this system is 
now obsolete), besides a chief of law and religion 
called fandiart. Over each of the thirteen atolls is a 
king’s agent, called atolu-ver?, who collects the reve- 
nue. This official is often one of the royal family, or 
a vizier’s son, and often resides at M4lé, employing a 
deputy. On each island is a headman ealled rarhu- 
vert. There is also on each island containing forty 
inhabitants a katibu (Ar., katib, “scribe’’), who acts 
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as judge and minister, celebrating marriages, etc. Py- 
rard calls him the curé. 

Some of the oldest accounts of these islands repre- 
sent them as always governed by a woman,—a notion 
which probably arose among the Mohammedan yisit- 
ors from finding that female heirs were not precluded 
from succession. Just the same notion was held about 
Achin in the 17th century, because there chanced to 
reign there several female sovereigns in succession 
(see vol. i. p. 91). We do find females nominally 
reigning on the Maldives on two of the rare occasions 
when we have glimpses of their state, viz., in the 
time of Ibn Batuta, and again in the last century. 

Islam is universally professed by the people, nor is 
there tradition of any other religion, though there are 
a variety of Pagan Bypreev ioe and some doubtful 
traces of Buddhism. hus the Bo-tree (or pippal), so 
sacred among the Buddhists of Ceylon, is still cher- 
ished near mosques. Pyrard de la Val was informed 
that the conversion to Islam took place two centuries 
at most before his time, 7. ¢., about 1400. But, unless 
there was a decay and revival, we know this to be 
wrong, as the islanders were Mohammedan in the time 
of Ibn Batuta (1343). And this traveller tells that 
the father of one of his wives in the islands had for 
his grandfather (though the word used may mean 
‘ancestor’’ only) the Sultan Dafid, who was grandson 
of Ahmed Shanf-raza, the first king who adopted 
Islam. Accepting the meaning of ‘‘ grandfather,’’ 
this would carry the conversion back to about 1200, 
a probable epoch, for about that time there was a con- 
siderable outburst of missionary zeal in Islam, which 
led to the conversion of the coast states of Sumatra, 
etc. Ibn Batuta records an inscription on the Jami 
Mosque of the King’s Island which ran :—‘‘ Sultan 
Ahmed Shanti-razah embraced Islam at the hands of 
Abw’] Barakét the Berber from the West’’; but no 
date is given. 

We have mentioned the occurrence of the name Divi in 
Ammianus. Atan earlier date Ptolemy notices the numerous 
islands lying in front of Taprobane, alleged to number 
1378. It is possible also that the Maniole of the same 
geographer may constitute a duplicate indication of the 
Maldives, For in the gossip of Palladius about India (see 
C. Muller’s Pseudo-Callisthenes, p. 102) this name Maniole 
is applied to a group of islands, 1000 in number, that lay 
near Taprobane, and respecting which the old fable of the 
magnetic rock was current, which Ptolemy also connects 
with the Maniolz. 

Cosmas (c. 545) shows distinct knowledge of the Mal- 
dives (without naming them) as numerous close-set small 
islands round Sielediba or Taprobane, in all of which were 
found cocoa-nuts and fresh water. Passing next to the 
Arabian notices translated by Renaudot and Reinaud, 
which date from 851, and to the work of Mas’idi in the 
next century, we find tolerably correct accounts of the 
Dtbas, said to be 1900 in number. Al Birfini’s account (ce. 
1030) of the islands is marked by his usual perspicacity 
and accuracy. The Dtvas are islets which form themselves 
in the sea, appearing like a ridge of sand, extending and 
uniting till they present a solid aspect. But also with 
time some decompose and melt away in the sea, whilst the 
inhabitants transfer their cocoa-trees and possessions to an 
island which is waxing instead of waning,—circumstances 
corroborated by modern observation. 

All the old authors speak of coir (the fibre of the cocoa- 
nut-husk) as one of the staple products of these islands, 
and the importance of this article for marine equipment 
led the Portuguese about 1518 to establish a factory on the 
Maldives. Joao Gomez, the head of the settlement, was at 
first well reccived, but his arrogant and violent conduct 
gave great offence to the Mohammedan traders from Cam- 
bay, who brought an armed flotilla against the Portuguese 
and put them all to death. The Portuguese several times 
renewed the attempt to establish themselves on the islands, 
and maintained a garrison for some time, but these en- 
deayors had no permanent result. The islanders were also 
frequently subject to raids at the hands of the Mopla pirates 
of Malabar, and sometimes also, it would seem, to maltreat- 
ment from the crews of European vessels. The MS. diary 
of Mr. (afterwards Sir William) Hedges, who passed through 
the Maldives in 1685, says: “We putt out a piece of a Red 
Ancient to appear like a Moor’s Vessell: not judging it safe 
to be known to be English; Our Nation having lately gott 
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an ill Name by abusing ye Inhabitants.” Such circum- 
stances probably led the islanders to place themselves in 
relation with the rulers of Ceylon; and in 1645 occurs the 
first record of the embassy from the sultan of the Maldives to 
the Dutch governor at Colombo, which has continued tothe 
present day, under Dutch and English, to arrive annually, 
bringing some poor offering, as a vague token of homage and 
claim of protection. The last political trouble of which we 
haye notice occurred in the middle of last century. In 
1753 the chief minister conspired to hand over the islands 
to the Ali raja of Cannanore. A Mopla force occupied MAlé, 
and carried off the sultan, The traitor himself was re- 
warded by being thrown into the sea. The oppression of 
these foreigners made the islanders rise and expel them. 
The sultan never returned, and a minister who had ruled 
on his behalf assumed the kingdom in 1760. In 1754 Du- 
pleix occupied Malé with asmall French detachment, which 
remained several years. In 1811 the sultan wrote to the 
governor-general (Lord Minto) to complain of the violent 
conduct of the officers of a ship under British colors which 
had been wrecked on the islands. Lord Minto sent back a 
courteous answer with presents. There have been no other 
events during the British rule in Ceylon, and the last sul- 
tan, Mohammed Moidin, reigned without dispute from 1835 
to 1882. 

We have only three substantial accounts of the Maldives 
from actual residence:—(1) that of the Moor Ibn Batuta, 
who lived upon them more than a year (1343-44), and filled 
the office of cadi; it contains much curious detail; (2) the 
narrative of Francois Pyrard de la Val, a French adventurer 
on board a ship of St. Malo, which was wrecked on a reef 
of the Malosmadulu atoll in 1602, and who was detained 
five years on the islands,—a book of the greatest interest 
and accuracy, and by far the best account of these islands 
in existence; (3) a memoir by two officers of the Indian 
navy, Lieut. Young and Mr. Christopher, who had been 
employed in the survey of the islands under Captain R. 
Moresby in 1834-35, and who volunteered to remain behind 
at MAlé, in order to acquire a knowledge of the language, 
customs, etc., of the inhabitants,—a laudable effort, but 
the result of it was marred somewhat by the illness which 
prostrated both officers. 


The sultan’s residence and the capital of the king- 
dom is the island of Malé, which lies near the middle 
of the archipelago on the east side. It is about 1 mile 
long by } mile wide, and contains a population ap- 
proaching 2000. It has been at one time encompassed 
with walls and bastions, but these continue in repair 
only on the north and west. On the north too is an 
old fort, apparently of Portuguese construction, with a 
few old guns. On the north and west sides also ad- 
vantage has been taken of the encircling reef as the 
base of a wall which has been built up so as to form 
the lagoon into a harbor for small craft, having a depth 
of 6 to 12 feet, and a width of 150 yards. The town is 
laid out in long regular streets at right angles, shaded 
with trees; the houses are in ‘‘compounds,’’ with high 
fences excluding the street, and are surrounded with 
fruit trees and flowers. The sultan’s palace, a large 
upper-roomed house, occupies with its appurtenances 
an area of $+ square mile, enclosed by a shallow ditch 
now choked with vegetation. The houses generally 
are large cottages of about 28 feet by 12, formed of 
substantial wooden frame, with peaked roofs thatched 
with cocoa-leaves; the walls are matted with cocoa- 
leaves, but sometimes planked. There are several 
mosques, and at least one minaret, about 40 feet high, 
for the call to prayer. Stone-built houses, common in 
Pyrard’s time, are so no longer; there is now but one. 
There are marked distinctions of rank among the 
people. At least six classes (we hardly know whether 
to call them castes) are recognized, of whom the two 
highest form a pure aristocracy. The sixth class, 
called Kallo (‘‘black’’?), consists of the common 
people generally, of whom the toddy-drawers are re- 
garded as the lowest. ; 
The employments of the common people are fishing, 
gathering cocoa-nuts and cowries, weaving, and toddy- 
drawing. Women beat the cocoa-fibre and twist it 
into yarn, make mats, prepare breadfruit by slicing 
and drying in the sun, spin and dye cotton thread, 
make sweetmeats of cocoa-nut and palm-sugar. Wo- 


334 


men are not secluded or veiled as in typical Moslem 
countries. 

Rice, the staple of food, is imported. Other chief 
food is fish (chiefly dried bonito), breadfruit prepared 
in various ways, cocoa-nut, and a few fruits and vege- 
tables. There are a few sheep and cattle on Malé 
island, which are occasionally slaughtered. 

From the earliest notices the production of coir, the 
collection of cowries, and the weaving of excellent tex- 
tures on these islands have been noted. This last, and 
that of fine mats are the only manufactures in which 
skill is shown. The mats seem to be now produced 
only in Suadiva atoll; the-cloth chiefly, but not solely, 
in Malosmadulu atoll. 

The chief exports of the islands, besides coir and 
cowries (a decreasing trade), are cocoa-nuts, copra (7.e., 
cocoa-nut husk), tortoise-shell, and dried bonito-fish. 
An enormous amount of this last was formerly carried 
to Ceylon and Sumatra, the latter being supplied by 
traders who came from Chittagong. It has been known 
over the Kast from time immemorial as koholi-mas, a 
corruption apparently of the Maldivian kala-bih-mas, 
“black bonito fish,’’ sometimes further corrupted to 
gomulmutch. 


Native vessels of 80 to 200 tons burthen make annual | 


trips to Calcutta towards the end of the south-west 
monsoon, returning with the northeast monsoon in 
December. After leaving the Maldives they sight no 
land till Jagannath. They carry thither the articles 
named above, and bring back rice, cotton stuffs, and 
sundries. These long voyages are not confined to the 
craft of the capital. Moresby, in 1834-35, found that 
a small island in the North Nilandu atoll sent annually 
to Bengal five or six boats of 80 to 100 tons each. On 
the same island there was a kind of navigation school, 
and the natives made and repaired some kind of nau- 
tical instruments. The old cash of the Maldives was 
the curious /@rin or ‘‘fishhook money’’ made of a bent 
rod of silver. This has been long replaced by coins of 
base metal bearing the same name. The Anglo-Indian 
rupee is current for larger payments, and cowries are 
still used to some extent. 

Two alphabets are known on the islands (besides the 
Arabic, which appears on tombstones and in other in- 
scriptions). he first is an ancient alphabet, known 
as Divehi Hakura, ‘island letters.’’ This in 1835 still 
survived in the southern atolls, and orders for these 
were written in it. It is written, like all the Indian 
alphabets, from left to right, and 1s evidently (by com- 
parison with plate xvii. in Dr. Burnell’s Elements of 
South Indian Paleography) a form (with additional 
letters) of the old Tamil character (700 to 1300 A.D.) 
called in Malabar Vatteluttu, or ‘round hand.”’! The 
modern Maldive writing called Gabali Tana, is usu- 
ally? written from right to left, like Arabic. It is said 
to have been introduced in the 16th century, and has 
gone through several variations. Some of the letters 
are modified from the Arabic character, and nine of 
them are the Arabic numeral digits. On the other 
hand numerals are represented by letters of the alpha- 
bet. The former system of reckoning was duodecimal, 
but this is dying out. 

Nothing is accurately known of the flora of the 
islands, and Kew possesses no illustration of it. Among 
larger trees are mentioned the banyan, pippal, bread- 
fruit, tamarind, and a large tree called kaundu, afford- 
ing a very light wood used for rafts, floats, etc. ; also 
species of pandanus. The castor-oil tree is abundant, 
though not used. The cocoa-nut of the islands, though 
of fine quality, is very small, not much larger than an 
orange. ‘The tree itself furnishes the only indigenous 
wood used for boat-building. The dumbari (Calo- 
phyllum imophyllum) and kuradi (Pemphis acidula) 

1 The resemblance to this is much closer than to the old Singha- 
lese with which it iscompared in Mr, Albert Gray’s valuable paper 
already referred to. 

2“Usually”; but a Maldivian skipper who gave James Prinsep 


information wrote it from left to right (see Jour, As. Soc. Bengal, v. 
794). 
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are used in minor wood-work. <A tuber, grated and 
steeped in water to remove its acridity, is made into 
flour,—perhaps a Colocasia, which Ibn Batuta men- 
tions (al-kalakds) as used to make a kind of vermicelli. 
They also have sweet potatoes, pine-apples, pomegra- 
nates (bearing fruit throughout the year), plantains, 
and most of the other tropical or subtropical Indian 
fruits, chillies, a few areca trees, ete. The double 
cocoa-nut of the Seychelles Islands (fruit of Lodoicea 
Sechellarum) used to be cast up on the islands, and 
was believed to be a submarine production,—hence 
called the sea cocoa-nut. It was valued for imaginary 
qualities, and exported to India. The Portuguese 
long believed it to be a product of these islands, and 
called it the Maldive cocoa-nut. 

Animals are few. Those named are rats, numerous 


/and destructive, which climb the cocoa-trees and de- 


vour the kernels; the large bat called in India “ flying- 


| fox,’’ also said to destroy many small cocoa-nuts; tor- 


toises; a small snake said to be harmless, ete. Do- 


/mestic animals are rare; a few goats and cattle are 


reared on MAlé. 

The climate is not oppressive or disagreeable, but is 
very unhealthy for strangers, whether Asiatic or Huro- 
pean. Ibn Batuta says every visitor was attacked by 
violent fever; Pyrard says the same; and this was 
substantially the experience of the survey officers and 
crews in 1834-35. ‘lhe native crews also suffered much 


symptoms and is often fatal) and from violent bowel- 
complaints. 


A complete report on the Maldives has recently been pre- 
pared by Mr. H. C. P. Bell of the Ceylon civil service, who 
has visited the islands, and this is now being printed at 
Colombo. Mr. Bell kindly enabled the present writer to 
see a copy before this article went to press, and many vyal- 
uable facts have been added from it. Other materials used 
have been—Darwin, The Structure and Distribution of Coral 
Reefs, 1842; Voyage de Frangois Pyrard de la Val, Paris, 
1679 (previous editions 1611, 1615-16, 1619); Voyages d’Ibn 
Batoutah, trans. of Defréméry and Sanguinetti, tom. iv., 
Paris, 1858; Hamilton, Desc. of Hindostan, ii. 299; Moresby, 
Naut. Directions for the Maldiva Islands, etc., 1840; Young 
and Christopher, in Trans. Bomb. Geog. Soc., vol. i. pp. 54— 
86; also see ibid., p. 102 and p. 313; Trans. Roy. Geog. Soc., 
vol. ii. pp. 72-93; also vol. v. p. 398; Jour. As. Soe. Bengal, 
vol. v. p. 794; Jour. Roy. As. Soc., vol. vi. pp. 42-76; ibid., 
new series, vol. x, pp. 173-209 (paper by Mr. Albert Gray), 
(ERSSYS) 


MALDON, a municipal and parliamentary borough 
and seaport-town of Essex, England, issituated on an 
acclivity rising from the south side of the Blackwater, 
44 miles east-northeast of London and 16 southwest 
from Colchester. It consists principally of one main 
street with several cross streets at right angles. The 
church of All Saints, dating from 1056, is a spacious 
edifice consisting of chancel, nave, and aisles, with a 
triangular tower at the west end surmounted by an 
hexagonal spire. The church was restored in 1867, 
and new windows were added in 1877. St. Mary’s 
Church is also of very early origin, and was restored 
in the 17th century. The other public buildings are 
the grammar school, founded in 1547; the town-hall, 
formerly D’Arcy’s tower, built in the reign of Henry- 
VI. ; and the public-hall, 1859. There are manufac- 
tures of crystallized salt, as well as breweries, iron 
foundries, and some shipping. The population of the 
municipal borough (3508 acres) in 1871 was 5586, and 
in 1881 it was 5476. That of the parliamentary bor- 
ate (5177 acres) in the same years was 7151 and 
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Maldon, which is a very ancient town, is supposed to 
have received its name, meaning “cross hill,” from a cross 
at one time erected on the eminence. From remains found 
in the neighborhood there is no doubt that the place was 
of some importance in the time of the Romans, but the sup- 
position that it was Camulodunwm is not sufficiently estab- 
lished. On the western side of the town there are also 
traces of a large camp, but whether the work is of Roman, 
Saxon, or Danish origin it is impossible tosay. The oldest 


from the disease called ber/-beri (which has dropsiecal - 


MALEBRANCHE—MALESHERBES. 


historical mention of the town is in 913, when Edward the 
Elder encamped near it to impede the progress of the Danes. 
The town received its first charter from Henry IL., and in 
1553 it was incorporated by Queen Mary. From the time 
of Edward III. it returned two members to parliament, but 
since 1867 only one member. 


MALEBRANCHRE, Niconas (1638-1715), a well- 
known disciple of Descartes, was the youngest child 
of Nicolas Malebranche, secretary to Louis XIII., and 
Catherine de Lauzon, sister of a viceroy of Canada, and 
- was born in Paris on August 6, 1638. Of an extremely 
feeble constitution and somewhat deformed habit of 
‘body, he received his elementary education in Latin 
and Greek from a domestic tutor, and only left home 
when sufficiently advanced to enter upon a course of 
philosophy at the Collége de la Marche, and subse- 
quently to study theology at the Sorbonne. He had 
resolved to enter the ehurch, but his retiring and 
studious disposition led him to decline a stall in Notre 
Dame, and in 1660 he joined the Congregation of the 
Oratory. Both his ecclesiastical superiors and himself 
appear to have experienced considerable difficulty for 
some time in ascertaining what his special talents were, 
if they existed at all. He was first advised by Pére 
Lecomte to devote himself to ecclesiastical history, and 
he accordingly set about a laborious perusal of the 
works of Husebius, Socrates, Sozomen, and Theodoret, 
but it was found that ‘‘ the facts refused to arrange 
themselves in his mind, and mutually effaced one 
another.’ Afterwards Richard Simon undertook to 
teach him Hebrew and Biblical criticism, but with no 
better success. At last having accidentally, in 1664, 
fallen upon one of the works of Descartes (the Traité 
de V Homme), Malebranche was forthwith alive to his 
true vocation. So overpowered was he by the novelty 
and luminousness of the ideas, and by the solidity and 
coherence of the principles of his author, that (it is 
said) he was repeatedly compelled by violent palpita- 
tions of the heart to ae aside his reading. Male- 
branche was from that hour consecrated to philosophy, 
and especially to that of Descartes; and after ten 

ears’ study of the works of his master he produced, 
in 1674, the famous Recherche de la Vérité, which was 
followed at intervals by other works, both speculative 
and controversial, the titles of which are given below. 
Like most of the great metaphysicians of the 17th cen- 
tury, Malebranche interested himself also in questions 
of mathematics and natural philosophy, and in 1699 
he was admitted an honorary member of the Academy 
of Sciences. During his later years his society was 
much courted, and he received many visits from for- 
eigners of distinction. His death took place on Octo- 
ber 13, 1715; according to Stock, the biographer of 
Berkeley, it was hastened by an excited metaphysical 
argument into which he had been drawn in the course 
of an interview sought by that philosopher. For a 
critical account of Malebranche’s place in the history 
of philosophy, see CARTESIANISM (vol. y. p. 130 sq). 

The following is a list of his principal works :—De la 
Recherche de la Vérité, ow Von traité de la nature de Vesprit de 
Vhomme, et de Vusage qwil en doit faire pour éviter Verreur 
dans les sciences (1674, 6th ed. 1712; Latin translation by J. 
Lenfant at Geneva in 1685; two English translations, the 
second by Taylor in 1712; translations also into German, 
Dutch, and modern Greek); Conversations Chrétiennes, dans 
lesquelles on justifie la Vérité de la Religion et de la Morale de 
Jesus Christ (1676, and frequently); Traité dela Nature et de 
la Grace, 1680; Méditations Chrétiennes et Métaphysiques, 
1683; Traité de la Morale, 1684; several polemical works 
against Arnauld from 1684 to 1688; Entretiens sur la Méta- 
physique et la Religion, 1688; Traité de ? Amour de Dieu, 1697 ; 
Entretien Wun Philosophe Chrétien et @un Philosophe Chinois 
sur Vexistence et la nature de Dieu, 1708; Réflexions sur la Pré- 
motion Physique, 1715. A convenient edition of the Guwwvres 
choisies de Malebranche, in two volumes, with an introduc- 
tion, was published by Jules Simon in 1846. 


MALER KOTLA, a native state in the Punjab, 


India, situated between 30° 24’ and: 30° 417 N. lat., 
and between 75° 42’ and 75° 59’ 15’” Hi. long., with an 
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population of 91,560. The chief products are cotton, 
sugar, opium, aniséed, tobacco, garlic, and grain. 
The gross revenue is £25,893. The nawdb exercises 
complete jurisdiction, and receives a compensation of 
£250 per annum in perpetuity from the British Gov- 
ernment, on account of ne of revenue caused by the 
abolition of customs duties. Maler Kotla town is 
situated 30 miles south of Ludhiana. 

The nawab or chief is of Afghin descent; his family 
originally came from Cabul, and occupied positions of trust 
in Sirhind under the Mughal emperors. They gradually 
became independent as the Mughal empire sank into decay 
in the course of the lsth century. In General Lake’s cam- 
paign against Holkar in 1805 the nawdb of Maler Kotla 
sided with the British. After the subjugation and flight 
of Holkar, the English Government succeeded to the power 
of the Mahrattas in the districts between the Sutlej and 
the Jumna; and in 1809 its protection was formally ex- 
tended to Maler Kotla, as to the other cis-Sutlej states 
against the formidable encroachments of Ranjit Sinh. In 
the campaigns of 1806, 1807, and 1808 Ranjit Sinh had made 
considerable conquests across the Sutlej ; in 1808 he marched 
on Maéler Kotla, and demanded a ransom of £10,000 from 
the nawab. This led to the interference of the British, 
who addressed an ultimatum to Ranjit Sinh, declaring the 
cis-Sutlej states to be under British protection. Finally the 
raj of Lahore submitted, and the nawab was reinstated in 
February, 1809. 


MALESHERBES, Carétren GurmLAUME DE La- 
MOIGNON DE (1721-1794), minister and afterwards 
counsel for the defence of Louis XVI., came of a 
famous legal family, and was born at Paris on Decem- 
ber 6, 1721. He too was destined for the legal pro- 
fession, much to the surprise of Marcel, the famous 
dancing master, who declared that his pupil woud 
never be able to dance well enough to be a soldier or 
a lawyer, and must therefore be a priest. The young 
lawyer soon proved his intellectual capacity, when he 
was appointed president of the cowr des aides in the 
parlement of Paris in 1750 on the promotion of his 
father to be chancellor. One of the chancellor’s duties 
was to control the press, and this duty was intrusted 
to Malesherbes by his father during his eighteen years 
of office, and brought him into connection with the 
public far more than his judicial functions. To carry 
it out efficiently he kept in communication with the 
literary leaders of Paris, and especially with Diderot, 
and Grimm even goes so far as to say that ‘‘ without 
the assistance of Malesherbes the Aneylopédie would 
probably never have been published.’? Though he 
met with abuse from all sides, there can be no doubt 
that it was the eminently judicious manner in which 
he carried out his objectionable duties which laid the 
foundation of his subsequent popularity. In 1771 he 
was called upon to mix in politics; the parlements of 
France had been aarlgad and a new method of ad- 
ministering justice devised by Maupeou, which was in 
itself commendable as tending to the better and quicker 
administration of justice, but pernicious as exhibiting 
a tendency to over-centralization, and as abolishing the 
hereditary ‘‘nobility of the robe,’’? which, with all its 
faults, had from its nature preserved some indepen- 
dence, and been a check on the royal power. Males- 
herbes presented a strong remonstrance against the 
new system, and was at once banished to his country 
seat at St. Lucie, to be recalled, however, with the old 
parlement on the accession of Louis XVI., and to be 
made minister of the maison du rod in 1775. He only 
held office nme months, during which, however, he 
directed his attention to the police of the kingdom, 
which came under his department, and did much to 
check the odious practice of issuing lettres de cachet. 
On retiring from the ministry with Turgot in 1776, he 
betook himself entirely toa happy country and domestic 
life. He had always been an enthusiastic botanist ; 
his avenue at St. Lucie was world famous; he had 
written against Buffon on behalf of the botanists whom 
Buffon had attacked, and had been elected a member 
of the Académie des Sciences as far back as 1750. 


estimated area of 165 square miles, and an estimated , He was now clected a member of the Académie Fran- 
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caise, and everything seemed to promise a quiet and 
peaceful old age spent in the bosom of his family and 
occupied with scientific and literary pursuits, when the 
king in his difficulties wished for the support of his 
naine, and summoned him back to the ministry in 
1787. Again he held office but a short time, but re- 
turned to his country life this time with a feeling of 
insecurity and disquiet, and, as the troubles increased, 
retired to Switzerland. Nevertheless, in December, 
1792, in spite of the fair excuse his old age and long 
retirement would have given him, he voluntarily left 
his asylum and undertook with Tronchet and Deséze 
the defence of the king before the convention, and it 
was his painful task to break the news of his condem- 
nation to the king. After this effort he returned once 
more to the country, but in December, 1793, he was 
arrested with his daughter, his son-in-law M. de Ro- 
samb6, and his grandchildren, and on April 23, 1794, 
he was guillotined, after having seen all whom he 
loved in the world exeeuted before his eyes for their 
relationship to him. Malesherbes is one of the sweet- 
est characters of the 18th century; though no man of 
action, hardly a man of the world, by his charity and 
unfeigned goodness he became one of the most popular 
men in France, and it was an act of truest alters 
tion in him to sacrifice himself for a king who had 
done little or nothing for him. With reason does his 
statue stand in the hall of justice at Paris, for he is the 
greatest representative of that noble independence 


which should prevent any thought of self when a/ 


counsel is pleading his client’s cause, however perilous 
such advocacy might be. 


There are in print several scientific works of Malesherbes 
of varying value, of which the most interesting is his Ob- 


servations sur Buffon et Danubenton, written when he was | 


very young, and published with a notice by Abeille in 1798. 
There exist also his Mémoire pour Louis XVI., his Memoire 
sur la liberté de la presse, published 1809, and extracts from 
his remonstrances, published as Qwores choisies de Malesherbes 
in 1809. For his life should be read the Notice Mistorique 
of Dubois, the Hloge historique of Gaillard, and the inter- 
esting Lssai, in,2 vols., 1818, of Boissy d’Anglas. There 
are also many Wloges on him in print, of which the best 
known is that of M. Dupin, which is interestingly reviewed 
with much light on Malesherbes’s control of the press by 
Sainte-Beuve in the second volume of the Causeries du 
Lundi. 


MALHERBE, Frangors pm (1555-1628), poet, 
critic, and translator, was born at Caen in 1555. His 
family was of some position, though it seems not to 
have been able to establish to the satisfaction of heralds 
the claims which it made to nobility older than the 
16th century. The poet was the eldest son of another 
Francois de Malherbe, consedller di rot in the magis- 
tracy of Caen. He himself was elaborately educated 
at Caen, at Paris, at Heidelberg, and at Basel. At 
the age of twenty-one he entered the household of 
Henri d’ Angouléme, grand prior of France, the natural 
son of Henry II. 
in Provence, and married there in 1581. It seems 
that he wrote verses at this period, but, to judge from 
a quotation of Tallemant des Réaux, they must have 
been very bad ones. His patron died when Malherbe 
was on a visit in his native province, and for a time 
he had no particular employment, though by some 
servile verses he obtained a considerable gift of money 
from Henry III., whom he afterwards libelled. He 
lived partly in Provence and partly in Normandy for 
many years after this event ; Sut very little is known 
of his life during this period. It was in the year part- 
ing the two centuries (1600) that he presented to Marie 
de’ Medici the first of his remarkable poems. But 
four or five years more passed before his fortune, 
which had hitherto been indifferent, turned. He was 
presented by his countryman, the cardinal du Perron 
to Henry IV.; and, though that economical prince did 
not at first show any great eagerness to entertain the 
poet, he was at last summoned to court and endowed 
after one fashion or another. His father died in 1606, 


4 


He served this prince as secretary | 


MALUERBE, 


and he came into his inheritance. From this time for- 
ward he lived at court, corresponding affectionately 
with his wife, but seeing her only twice in some twenty 
years. His old age was saddened by a great misfor- 
tune. His son, Mare Antoine, a young man of promise, 
perished in one of the frivolous but desperate duels 
which, common at all periods of French history, were 
never more frivolous or more desperate than in the 
16th and in the early 17th centuries. Mare Antoine 
de Malherbe fell in 1626. THis father used his utmost 
influence to have the guilty parties (for more than one 
were concerned, and there are grounds for thinking 
that it was not a fair duel) brought to justice. But he 
died before the suit was decided (it is said in conse- 
quence of disease caught at the camp of La Rochelle, 
whither he had gone to petition the king), at Paris, 
5 the 16th of October, 1628, at the age of seventy- 
three, : 

The personal character of Malherbe was far from 
amiable. He was an obstinate solicitor of fayors from 
the great, a morose and bearish companion to his 
equals, a loose liver at a time of life when loose living 
is especially unbecoming if not especially blamable, a 
jealous and unfair eritie; but he exercised a great and 
enduring effect upon French literature, though by no 
means a wholly beneficial one. The lines of Boileau 
beginning Mnfin Malherbe vint are rendered only par- 
tially applicable by the extraordinary ignorance of 
older French poetry which distinguished that peremp- 
tory critic. But the good as well as bad side of Mal- 
herbe’s theory and practice is excellently deseribed by 
his contemporary and superior Regnier, who was ani- 
mated against him, not merely by reason of his own 
devotion to Ronsard, but because of a brutal act of 


discourtesy of which Malherbe had been guilty towards 
Regnier’s uncle Desportes. These are the lines :— 


“Cependant leur savoir ne s’étend nullement 
Qu’a régratter un mot douteuse au jugement, 
Prendre garde qu’un qui ne heurte une diphthongue, 
Ipier si des vers la rime est bréve ou longue, 
Ou bien si la voyelle 4 Vautre s’unissant 
Ne rend point 4 l’oreille un vers trop languissant. 


C’est proser de la rime et rimer de la prose.” 


This is 


pitied true, and from the time of Malherbe 
dates t 


iat great and deplorable falling off of French 


| poetry in its more poetic qualities, which was not 


made good till 1830. Nevertheless the critical and re- 
straining tendency of Malherbe was not ill in place 
after the luxuriant importation and innoyation of the 
Pléiade, and if he had confined himself to preaching 
greater technical perfection, instead of superciliously 
striking his pen through the great works of his prede- 
cessors, he would have deserved wholly well. As it 
was his reforms helped to elaborate the kind of verse 
necessary for the classical tragedy, and that is the 
most that can be said for him. His own poetical work 
is scanty in amount, and for the most part frigid and 
devoid of inspiration. The beautiful Consolation a Du 
Perrier, in ahiob occurs the famous line— 


Et, rose, elle a vécu ce que viyent les roses— 


the odes to Marie de’ Medici and to Louis XITI., and 
a few other pieces comprise all that is really worth re- 
membering of him. His prose work is much more 
abundaut, not less remarkable for care as to style and 
expression, and of greater positive value. It consists 
of some translations of Livy and Seneca, and of a very 
large number of interesting and admirably written let- 
ters, many of which are addressed to Peirese, the man 
of science of whom Gassendi has left a delightful Latin 
life. It contains also a most curious commentary on 
Desportes, in which Malherbe’s minute and carping 
style of verbal criticism is displayed on the great scale. 


The chief authorities for the biography of Malherbe are 
the Vie de Malherbe of his friend and pupil Racan, and the 
long Historiette which Tallemant des Réaux has devoted to 
him. The standard edition is the admirable one of M. 


MALINES—MALLOW. 


Ludovie Lalanne, 5 vols., Paris, 1862-69. Of the poems 
only, there is an excellent and handsome little issue in the 
Nowvelle Collection Jannet, Paris, 1874, (G. SA.) 


MALINES. See Mercury. 


MALLANWAN, a town in Hardoi district, Oudh, 
India, situated on the Hardoi and Unas road, in 
27° 2 10’ N. lat. and 80° 11’ 30’ E. long.,with a 
population in 1869 of 11,670. Under native rule the 
town possessed considerable political importance, and 


_ upon the British annexation of Oudh it was selected 


as the civil headquarters of the district, but was aban- 
doned in favor of Hardoi town on the reoceupation of 
the province after the mutiny. The town has now but 
little trade, and a deserted indigo factory occupies the 
site of the old fort. Saltpetre and brass utensils are 
manufactured. 

MALLEMUCK, from the German rendering of the 
Dutch Mallemugge (which originally meant small flies 
or midges that madly whirl round a light), a name 
given by the early Dutch Arctic voyagers to the FuL- 
MAR (vol. ix., p. 716'), of which the English form is 
nowadays most commonly applied by our sailors to the 
smaller Albatroses, of about the size of a Goose, met 
with in the Southern Ocean—corrupted into ‘‘ Molly 
Mawk,”’ or otherwise modified. There is some differ- 
ence of opinion as to the number of' species of small 
Albatroses and it is unfortunate that the results of the 
voyage of the ‘‘Challenger’’ do not clear up the 
doubts that have been expressed. Three species have 
been described and figured, the Diomedea melunophrys 
and D. chlororhynchus for a long while, while the 
third, D. culminata, was discriminated by Gould 
(Proc. Zool. Society, 1843, p. 107), who has stated 
that the difference between it and the second is so ap- 
parent that he had no difficulty in distinguishing them 
on the wing. Captain Hutton, on the other hand 
(1his, 1865, p. 283), considers all three to be specifi- 
cally identical. Others, as appears by the Report on 
the Birds of the ‘‘ Challenger’’ voyage (pp. 148, 149), 
while regarding D. melunophrys as distinct, would 
seem to unite D. culminata with D. chlororhynchus. 
The first of these birds, says Gould, is the commonest 
species of Albatros inhabiting the Southern Ocean, 


_ and its gregarious habits and familiar disposition make 


it well known to every voyager to or from Australia, 
for it is equally common in the Atlantic as well as the 
Pacific. The back, wings, and tail are of a blackish- 
gray, but all the rest of the plumage is white, except 
a dusky olay streak, whence its name of Black- 
browed Albatros, as also its scientific epithet, are 
taken. ‘The bill of the adult is of an ochreous-yellow, 
while that of the young is dark. This species (sup- 
osing it to be one) is said to breed on the Falkland 
slands and on Tristan da Cunha, but the latter 
locality seems questionable, for, according to Carmi- 
chael (rans. Linn. Soc., xii. p. 490), D. chlororhyn- 
chus is the bird of this group there found ; while Pro- 
fessor Moseley (Notes of a Nuturalist, p. 130) calls it 
D. culminata.” Whatever it may be, the excellent 
observer just named describes it as making a cylindri- 
cal nest of grass, sedge, and clay, with a shallow basin 
atop and an overhanging rim—the whole being about 
14 inches in diameter and 10 in height. The bird lays 
a single white egg, which is held ina sort of pouch 
formed by the skin of the abdomen, while she is incuba- 
ting. A few other details are given by him, but his visit 
was too hurried to enable him to ascertain the more im- 
portant and interesting points in the economy of this Al- 
1 Tt was there erroneously stated that Mallemuck was a Dutch 
word, which it is not; and the correct German form, as given by 
Friderich Martens (Spitzbergische oder Groenlandische Reise Beschrei- 
bung, Hamburg, 1675, 4to, p. 68), is Mallemucke. The anonymous 
translation of this voyage under the title of An Account of several 
late Voyages and Discoveries to the South and North, published in 
London in 1694 (p. 93), was probably the means of the name be- 
coming known to Ray, in whose Synopsis methodica Avium, pub- 
lished in 17138, it gppeats (p. 130) as Mallemuck, and thereafter kept 
its place in English ornithological works. 
2 Mr. Selater with commendable caution assigns no specifie 


name to the eggs of the Diomedea found breeding on this island 
and its neighbor (Report, etc., wt supra, p. 151). 
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batros which were neglected by his predecessor, Car- 


/michael, during his four months’ sojourn in 1816-17. 


D. culminata is said by Gould to be more plentiful in 
the Australian seas than elsewhere, numbers coming 
under his notice between Launceston and Adelaide, 
and being also frequently observed by him between 
Sydney and the northern extremity of New Zealand, 
as well as in the same latitude of the Indian Ocean. 
He describes its bill as having the grayish-yellow ridge 
broad and flat, while that of D. chlororhynchus is lat- 
erally compressed and the ridge round. All these 
birds seem to have much the same habits. (A. N.) 

MALLET, Pavut Henrr (1730-1807), born in 
Geneva in 1730, and educated there, became tutor in 
the family of the count of Calenberg in Saxony. In 
1752 he was appointed professor of belles lettres to the 
academy at Copenhagen, but as the French language 
was then little known in Denmark he had but few stu- 
dents. He was naturally attracted to the study of the 
ancient literature and history of his adopted country, 
and in 1755 he published the first fruits of’ his re- 
searches, under the title—Jntroduction a U histoire de 
Danemarck o% Von traite de la relivion, des meeurs, 
des lois, et des usages des anciens Danois. A second 
part was issued in 1756, more particularly relating to 
the ancient literature of the country, and bearing the 
titlek—Monuments de la mythologie et dela poesie des 
Celtes, et particuliérement des anciens Scandinaves. 
In the same year a translation of the work appeared in 
Danish. This is the work by which the author is best 
known in Britain. Though intended only as a prelim- 
inary dissertation to the formal history of Denmark, by 
which it was followed, it has all the merits of an inde- 
pendent work, complete in itself, and presenting a 
general view of the civilization and culture, religion 
and customs, of the Scandinavian nations. <A transla- 
tion into English, with notes and preface, by Bishop 
Perey, was issued in 1770 under the title of Northern 
Antiquities (republished with additions in 1847). It 
had a wide cireulation, and attracted much attention 
on account of its being the first (though a very defec- 
tive) translation into French of the Hdda. Mallet’s 
dissertations and notes are vitiated by untenable theories 
as to the racial affinities of the early inhabitants of 
Scandinavia ; but, judged by the standards of its time, 
his work was of great merit and usefulness. Its publi- 
cation attracted the notice of the king to its author, 
and he was chosen as preceptor of the prince of Den- 
mark, In 1760 he returned to Geneva, and became 
professor of history in his native city. While there he 
was requested by the czarina to undertake the educa- 
tion of the heir-apparent of Russia (afterwards the 
Czar Paul I.), but declined the honor. An invitation 
more congenial to his tastes led to his accompanying 
Lord Mountstuartin his travels through Italy and thence 
to England, where he was presented at court and com- 
missioned to write the history of the house of Bruns- 
wick. He had previously received a similar commis- 
sion from the landgrave of Hesse-Cassel for the pre- 
paration of a history of the house of Hesse, and both 
works were completed in 1785. ‘The quietude of a lite- 
rary life was rudely broken by the shock of the Revo- 
lution, to which he was openly hostile. His leanings 
to the unpopular side were so obnoxious to his fellow- 
citizens that he was obliged to quit his native country 
in 1792, and remained in exile till 1801. He died at 
Geneva, 8th February, 1807. 


A memoir of his life and writings by Simonde Sismondi 
was published at Geneva, in 1807. Besides the Introduction 
to the History of Denmark, his principal works are—Histoire 
de Danemarck, 3 vols., Copenhagen, 1758-77 ; Histoire de la 
maison de Hesse, 4 vols., 1767-85; Histoire de la maison de 
Brunswick, 4 vols., 1767-85 ; Histoire de la maison et des états 
de Mecklenbourg, 1796; Histoire des Suisses ou Helvétiens, 4 
vols., Geneva, 1803; Histoire de la Ligue Hanséatique, 1805. 


MALLOW, botanically Malva, the typical genus of 
Mulvacece, embracing about. sixteen species of annual 
and perennial herbaceous plants, widely distributed 
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throughout the northern hemisphere. The mallows 
possess the reniform one-celled anthers which distin- 
guish the Jalvacee from all other dichlamydeous exo- 
gens. ‘The petals also are united by their base to the 
tube formed by the coalesced filaments of the stamens. 
The special characters which separate the genus Malva 
from othérs most nearly allied to it are the involuere, 
consisting of a row of three separate bracts attached 
to the lower part of the true chores and the numerous 
single-seeded carpels disposed in a circle around a ecen- 
tral axis, from which they become detached when ripe, 
The flowers are mostly white or pinkish, never yellow, 
the leaves radiate-veined, and more or less lobed or cut, 
Three species are natives of Britain. The musk mal- 
low (Malva moschata) is a perennial herb with five- 
partite, deeply-cut leaves, and large rose-colored flowers 
clustered together at the ends of the branched stems, 
and is found growing along hedges and borders of fields, 
blossoming in July and August. It owes its name to 
a slight musky odor diffused by the plant in warm dry 
weather when it is kept in a confined situation. The 
round-leaved mallow (Malva rotundifolia) is a ereep- 
ing annual, growing in waste sandy places, with round- 
ish serrate leaves and small pinkish-white flowers pro- 
duced in the axils of the leaves from June to Septem- 
ber. It is common throughout Hurope and the north 
of Afica, extending to western Asia. The common 
mallow (Malva sylvestris), the mauve of the French, is 
an erect biennial plant with long-stalked roundish-angu- 
lar serrate leaves, and conspicuous axillary reddish- 
vurple flowers, blossoming from May to September. 
bike most plants of the order it abounds in mucilage, 
and hence forms a favorite domestic remedy for colds 
and various other complaints affecting the mucous mem- 
brane. The aniline dye called mauve derives its name 
from its resemblance to the color of this plant. 

The marsh mallow (Althea officinalis), the guimauve of the 
French, belongs to another genus haying an involucre of 
numerous bracts. It is a native of marshy ground near 
the sea or in the neighborhood of saline springs. It is an 
erect perennial herb, with somewhat woody stems, velvety, 
oyate, acute, unequally serrate leaves, and delicate pink 
showy flowers blooming from July to September. The 
flowers are said to yield a good deal of honey to bees. The 
root is used in medicine as a demulcent, on account of its 
containing more mucilage than the common mallow. It is 
supposed to form a chief ingredient in the well-known 
pité de guimauve lozenges. The marsh mallow is remark- 
able for containing asparagin, Cy Hg Nz Os He O, which, if 
the root be long kept in a damp place, disappears, butyric 
acid being developed. The root also contains about 25 per 
cent. of starch and the same quantity of mucilage, which 
differs from that of gum arabie in containing one molecule 
less of water and in being precipitated by neutral acetate 
of lead, The marsh mallow is far more largely used on the 
Continent than in England, 

The mallow of Seripture, Job xxx. 4, has been sometimes 
identified with Jew’s mallow (Corchorus olitorius), but more 
plausibly (the word midn implying a saline plant) with 
Atriplex Halimus, or seaorache. In Syria the Halimus was 
still known by the name Mallih in the time of Ibn Beitar, 
See Bochart, Hieroz., iii, 16. 


MALLOW, a municipal and parliamentary borough, 
market-town, and watering-place in the county of Cork, 
Treland, is situated on the Blackwater, 150 miles south- 
west from Dublin, and 20 north from Cork. ‘The town 
owes its prosperity to its beautiful situation in a fine 
valley surrounded by mountains, and to its tepid min- 
eral spring, which is very efficacious for dente] debility 
and for scorbutic and consumptive complaints. A 
spa-house with pump-room and baths was erected in 
1828. Besides the parish church in the Later Enelish 
style, erected in 1818, the principal buildings of the 
town are the court-house, the work-house and infir- 
mary, and the bridewell. There are a manufactory of 
mineral water, a condensed-milk manufactory, corn- 
mills, and tanneries. Mallow received a charter of in- 
corporation from James I. The population of the 
borough in 1871 was 4165, and in 1881 it was 4437, 

MALMESBURY, a parliamentary borough and 
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market-town of Wilts, England, is finely situated on 
an eminence almost surrounded by the Lower Avon, 
and on a branch of the Great Western Railway, 92 
miles west of London. Of the Benedictine house which 
was founded in the 7th century, and in the reign of 
Kdward ILL. rose to the dignity of a mitred abbey, little 
more than the nave and side aisles of the conventual 
church now remain ; this at the dissolution was changed 
into a parish church, instead of the old chureh of 
St. Paul's. There ave a town-hall, national and en- 
dowed schools, and several almshouses. In the mavr- 
ket-place there is a richly ornamented octagonal eross 
supposed to date from the reign of Henry VILL. The 
panded te include the manufacture of ribbons and pil- 
low lace, brewing, and tanning, The population of the 
town in I87L was 3142, and of the parliamentary bor- 
ough (which comprises an area of 21,772 acres, mostly 
rural) 6879. In [8st the numbers were 8133 and 6866. 


Malmesbury is supposed to have been a British town, and 
also a Roman settloment, A castle is Known to have ex- 
isted there as early as the 7th century, at which time the 
monastery was also founded, It received its first charter 
from Edward the Elder, whieh was confirmed by Athelstan, 
The charter granted to it by Charles I, has undergone 
various modifications, and at present it isgeverned by a high 
steward, an alderman, and twelve capital burgesses, Irom 
the reign of Edward L. the town sent two members to parlia- 
ment; since the Reform Act of 1882 it has returned only 
one. During the civil war it was twiee captured by the 
parliamentarians and onee by the royalists, Malmesbury is 
the birthplace of the philosopher Hobbes. Athelstan was 
buried at Malmesbury, but the Gothic canopy in the church 
called his tomb dates from the 16th century, 


MALMESBURY, James Harris, HARD oF 
(1746-1820), the best-known English diplomatist of 
the latter half of the 18th century, was born at 
Salisbury on April 21, 1746. He was the son of 
James Harris (g.v.), the author of Z/ermes, and, 
what was important for his son’s future suecess, M.P. 
for Christchurch, a lord of the treasury under George 
Grenville (1768-65), and comptroller to the queen 
(1774-80). Educated at Winchester, Oxford, and 
Leyden, the younger Harris was intended for diplo- 
macy. In 1768 he became secretary to the British 
embassy at Madrid, and in 1770 he was left as chargé 
d'affaires at that court on the departure of Sir James 
Gray until the arrival of George Pitt, afterwards Lord 
Rivers. ‘This interval gave him his opportunity; he 
discovered the intention of Spain to attack the Palk- 
land Islands, and was instrumental in thwarting it by 
putting on a bold countenance. As a reward he was 
appointed minister ad Ynterim at Madrid, and in Janu- 
ary, 1772, minister plenipotentiary to the court of 
Prussia. His suecess was marked, and in 1776 
he was transferred to the court of Russia. 
At St. Petersburg he made his reputation, for 
he managed to get on with Catherine in spite of 
her predilections for France, and steered adroitly 
through the accumulated difficulties of the first 
Armed Neutrality. In 1782 Sir James Harris (he 
was now a Knight of the Bath), returned home from 
ill-health, and was appointed by his friend Fox min- 
ister at the Hague, an appointment confirmed after 
some delay by Pitt, which he took up in July 1784. 
He did very great service in furthering Pitt’s poliey of 
maintaining Kngland’s influence on the Continent by 
the arms of her allies, and held the threads of the 
diplomacy which ended in the king of Prussia’s over- 
throwing the republican party in Holland, which was 
inclined to France, and re-establishing the prince of 
Orange. He was in recognition of his services created 
Lord Malmesbury, of Malmesbury in the county of 
Wilts, and permitted by the king of Prussia to bear 
the Prussian eagle on his arms, and by the prince of 
Orange to use his motto ‘je maintiendrai,’’ In 1789 
he returned to Kngland, and took an anxious interest 
in polities, which ended in his seceding from the 
Whig party with the duke of Portland in 1798, in 
which year he was sent, but in vain, to try to keep 
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Prussia true to the first coalition against Hranece, In 


1794 he was sent to Brunswick to solict the hand of | 


the unfortunate Princess Caroline for the prince of 
Wales, to marry her as proxy, and conduct her to her 
husband in Hngland. In 1796 and 1797 he was at 


Paris and Lille vainly negotiating with the French Di- | 


rectory, After 1797 he became partially deaf, and 


quitted diplomacy altogether; but for his long and | Aldhel cludes ero 
eminent services he was in 1800 created earl of Mal-| #iven in the earlier life by Paricius, 


’ mesbury, and Viscount Iitzharris, of Heron Court in 
the county of Hants. He now became a sort of politi- 
cal Nestor, consulted on foreign policy by successive 
foreign ministers, trusted by men of the most different 
ideas in political crises, and above all was the confi- 
dant, and for a short time after Pitt’s death almost 
the political director, of Canning. Younger men 
were also wont to go to him for advice, and Lord Pal- 
merston particularily, who was his ward, was tenderly 
attached to him, and owed many of his ideas on foreign 
policy directly to his teaching. His later years were 
tree from politics, and till his death in 1820 he lived 
very quietly and almost forgotten. As a statesman, 
Malmesbury had an influence among his contemporaries 
which is scarcely to be understood from his writings, but 
which must have owed much to personal charm of man- 
ner and persuasiveness of tongue; as a diplomatist, he 
seems to have deserved his reputation, and shares with 
Macartney, Auckland, and Whitworth the credit of rais- 
ing diplomacy from a profession in which only great 
nobles won the prizes to a career opening the path of 
honor to ability. 

Malmesbury did not publish anything himself, except an 
account of the Duteh revolution, and an edition of his 
father’s works, but his grandson the third earl published 
four yolumes of his diaries and correspondence from 1768- 
1807, and afterwards two volumes of letters to and from his 
family and friends, 


MALMESBURY, WititAm or, an_historicai 
writer of the 12th century, the date of whose birth is 
usually assigned to the year 1095, but may with more 
probability be placed some twenty years earlier. It 
may reasonably be conjectured from his own statement 
(‘‘utriusque gentis sanguinem traho’’), that he was 
the son of a Norman father and an English mother; 
he undoubtedly represents the fusion of the two races, 
although his sympathies as a writer are unmistakably 
on the side of the conquerors. He received his early 
education atthe ancient Benedictine abbey at Malmes- 
bury, and he speaks of Aldhelm, bishop of Sherborne, 
the great benefactor and second founder of that house, 
who died in 709, as his “lord and patron,’’ to whom 
he was indebted both for his life and his learning 
(Gesta Pont., sec. 273). The earliest known incident 
in his personal history is the fact, which he himself 
records, that he assisted the abbot Godefrey in collect- 
ing books to form the first library of the abbey, Wil- 
liam himself subsequently became the librarian, and 
was algo precentor of the abbey; in 1140 he received 
the offer of the abbacy, an honor which he declined, 
probably from a desire to secure as much leisure as 

ossible for study. In his later life he was honored 
y the particular friendship of Robert, earl of Glou- 
cester, a natural son of Henry I., and a distinguished 
patron of learned men and letters. In politics he was 
a warm partisan of the empress Matilda against 
Stephen, and he was present at the council of Win- 
chester convened by her supporters in 1141. — His 
death is supposed to have occurred in or after 1142, 


Printed Works.—W illiam’s earliest important work was the 
Gesta Regum Anglorum, which he dedicated to his patron, the 
earl of Gloucester. It was originally completed in 1120, but 
subsequently brought down to 1128, It extends from 449 
A.D. to the twenty-eighth year of the reign of Henry L., 
andis a record of the highest value, preserving from un- 
known sources numerous facts which would otherwise be 
lost to us. In 1125 William completed his Gesta Pontificwm 
Anglorum. We himself tells us that the production of this 
work cost him especial pains, bub that the material for its 

_ composition was neither so abundant nor so easily reducible 
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to consistency as that for the Gesta Requm. The work may 
be regarded as the main source for our early ecclesiastical 
history, and constitutes the basis of later productions rela- 
ting to the same subject at the same period. It is divided 
into five books, the bishops being grouped under their re- 
pective sees, and the chief monasteries under their juris- 
diction being also noticed, sometimes at considerable 
length. The fifth book is mainly occupied by the life of St. 
Aldhelm, and includes numerous details of interest not 
The Gesta Pontificum 
is likewise brought by further additions down to the year 
1140, William’s last work was a continuation of the Gesta 
Regum under the title of Historia Novella. It concludes 
abruptly with the escape of Matilda from Oxford when be- 
sieged there by Stephen in 1142, and the manner of its ter- 
mination suggests that the narrative was broken off by the 
death of the writer. Like the Gesta Requm, the Ilistoria 
is dedicated to the duke of Gloucester, whose doings in be- 
half of his sister Matilda are described in such a way as to 
make him in a great measure the central figure of the 
narrative, Other printed writings of William are an ac- 
count of the church of Glastonbury (included along with 
the life of St. Aldhelm in Gale’s Seriptores XV.), and a life 
of St. Wulstan, of which a considerable portion is given in 
the second volume of Wharton’s Anglia Sacra, The best 
text of the Gesta Regum and the Iistoria Novella is that 
given by Sir T. D. Hardy in the edition published by the 
English Historical Society in 1840; the text in Savile’s 
Seriptores is faulty in the extreme. The Gesta Pontificum 
was edited for the Rolls Series, in 1870, by Mr, N, BE. 8. A, 
Hamilton, from a manuscript which he was the first to 
identify as the autograph of William himself. 

Katant Works Unprinted.—Among these are Miracles of the 
Virgin Mary; Miracles of St. Andrew; Life of St. Dunstan; a 
compend of the commentary on the book of Jeremiah at- 
tributed to Paschasius Radbertus; an abridgment of the 
treatise by Amalarius on Sacred Ofices; Lives of the English 
Saints; and an epitome of the History of Haymo of Fleury, 
together with other abridgments or transeripts of histori- 
oul and legal writers,—this last being an autograph pre- 
served in the Bodleian, where, or at the British Museum, 
the other manuscripts are also to be found. 

Lost Works. —Among these are a Life of St. Patrick; a 
metrical Life of St. Allfyiva; the Miracles of St. Benignus ; 
and the Little Chronicle, in three books (of which a supposed 
fraginent is preserved ab the British Museum, Lansdowne 
Ms. No, 436). The work which we have probably most 
cause to regret is the Jtinerarium Johannis Abbatis, or ac- 
count of the journey of John, abbot of Malmesbury, to 
Rome in 1140. This was written by William from the oral 
account which he received from Peter Baldwin, John’s 
companion, A few extracts are given by Leland in his 
Collectanea, iii, 27:2. 

Malmesbury’s merits as an historian are of a very high 
order, He labors, it is true, under the defect of being but 
imperfectly acquainted with English institutions, and 
having but little sympathy with the English race, while 
he occasionally evinces a Norman contempt for the English 
language. Ilis habitual carelessness in chronology is also 
at times extremely perplexing, and his narrative of facts 
is alloyed with romantic details which serve to excite dis- 
trust with respect to his general credibility. But, notwith- 
standing these faults, he is entitled to rank as an authority 
(in relation to the period of which he treats) with Bede 
and Matthew Paris. He is again the first of our historical 
writers in whom the critical faculty is to any extent dis- 
cernible, and the comparisons which he occasionally insti- 
tutes between two dilferent and discrepant accounts of the 
same events form a noteworthy feature in his mode of 
treatment. The pains wand judgment which he employs in 
the arrangement of his materials are also often no less con- 
spicuous than his industry in collecting them, 


MALMO, a seaport-town of Sweden, inferior only 
to Stockholm and Gothenburg in importance, is the 
capital of che lin or province of Malméhus, and stands 
on the eastern shore of the Sound, opposite Copen- 
hagen, from which it is 16 miles distant. The town, 
which is built on a level plain, formerly had strong 
fortifications, of which all that now remains is the 
citadel, where the earl of Bothwell was imprisoned for 
some time after 1573; it is ab present nda as a house 
of correction. In the large central square (Stortorg), 
which is planted with trees, stands the townhall, a 
brick and sandstone structure in the Renaissance style ; 
it contains the handsome Kuutssal, or former council 
chamber of the guild of Canute. The principal eccle- 
siastical buildings are the church of St. Peter (Petri- 
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kyrka), begun in 1319, andthe German church 
(Tyskakyrka). The harbor in the northwest has 
recently been deepened, and admits vessels drawing 18 
feet of water; there is daily communication by steamer 
with Copenhagen, and also at regular intervals with 
Stockholm, Gothenburg, Liibeck, etc. ‘The trade of 
the port is considerable, the exports including timber, 
iron, tar, oil-cake, and bones, while the imports con- 
sist chiefly of wine, salt-fish, salt and coal. ‘There are 
a number of manufactures, that of gloves being the 
specialty. Malmé is connected with Stockholm by 
rail. Population in 1878, 35,626. 

Malm6é (Malmhauge, Malmey, Malmoye, Malmoughe), 
sometimes called “ Ancona Scanorum” or ‘‘ Ellenbogen,” 
first appears in history about the middle of the 13th cen- 
tury. During the Hanseatic period it was the most im- 
portant commercial town on the Sound, but in the 16th and 
17th centuries greatly lost ground owing to the decay of 
its herring fisheries and the rise of its rival Copenhagen. 
Its modern prosperity is largely due to the enterprise of 
Frans Suell, one of its merchants, who first constructed the 
harbor, which has more than once been enlarged subse- 
quently. 

MALORY, Sir Tomas, the author or compiler of 
the Morte Darthur, was born most probably about the 
year 1430. From his own words he is known to have 
been a knight, and his description of himself as ‘‘ a ser- 
vant of Jesu both day and night’”’ has led to the infer- 
ence that he was also a priest. On the authority of 
Leland the ‘antiquary he is believed to have been a 
Welshman. ‘The name appears in a variety of forms, 
including those of Maillorie and Maleore. In the preface 
to the first edition of the Morte Darthur Caxton speaks 
of the work as printed by himself ‘‘ after a copy unto 
me delivered, which copy Sir Thomas Malorye did take 
out of certain books of French, and reduced it into 
English.’ Malory himself tells us that he finished 
the book in the ninth year of Hdward IV. (ec. 1470). 
For the place of the Morte Darthur in the literary his- 
tory of the Arthurian legend, see ARTHUR, GEOFFREY 
or Monmouru, Grain (Hoy), ete. 

MALPIGHI, Marcetxo (1628-1694), of Bologna, 
was one of the first to apply the microscope to the 
study of animal and vegetable structure; his discove- 
ries are so numerous and important that he may be 
considered to be the founder of microscopic anatomy. 
Shortly before his death, he drew up a long account 
of his academical and scientific labors, correspondence, 
and controversies, and committed it to the charge of 
the Royal Society of London, a body with which he 
had been in intimate relations for more than twenty 
years. The autobiography, along with some other 
posthumous writings, was published in London in 
1696, at the cost of the Society. The personal details 
left by Malpighi are few and dry. His narrative is 
mainly occupied with a summary of his scientific con- 
tributions and an account of his relations to contempo- 
rary anatomists, and is entirely without graces of style 
or elements of ordinary human interest. He was 
born in the country, about 20 miles to the north of 
Bologna, on the 10th of March, 1628. At the age of 
seventeen he began the study of the Aristotelian phi- 
losophy, and continued it for four years; it appears 
from another statement that he was in the habit of 
amusing himself with the microscope during this 
period. Owing to domestic circumstances, it became 
necessary for him, in 1649, to choose a profession, and 
he elected to study medicine; after four years study at 
Bologna he graduated there as doctor. He at once 
applied to be admitted to lecture in the university, but 
it was not till after three years (1656) that his request 
was granted. A few months later he was appointed 
to the chair of theoretical medicine at Pisa, where he 
¢njoyed the friendship and countenance of Borelli. 
At the end of four years he left Pisa, on the ground 
of ill-health, and returned to Bologna. <A call to be 
professor primarius at Messina (procured for him 
through Borelli, who had in the meantime become 
professor there) induced him to leave Bologna in 1662. 
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His engagement at Messina was for a term of four 
years, at an annual stipend of 1000 scudi. An attempt 
was made to retain him at Messina beyond that period, 
but his services were secured for his native university, 
and he spent the next twenty-five years there. In 
1691, being then in his sixty-fourth year, and in fail- 
ing health, he removed to Rome to become private 
physician to Pope Innocent XII, and he died there 
of apoplexy three years later. In the portrait pre- 
fixed to his autobiography, the features are those of 
the phlegmatie type. His addiction to the microscope 
brought him into conflict with the respectabilities of 
the medical profession, including two of his colleagues 
at Bologna, whose names have been preserved from 
oblivion ; it was felt by those who affected to watch 
over the future welfare of medicine that the study of 
microscopic anatomy was adverse to the true interests 
of medical practice, and that feeling is said to have 
found expression in a duel that was fought between 
the brother of Malpighi and a near relative of one of 
his conservative colleagues, in which the latter com- 
batant was killed. Amid such incidents was the fruit- 
ful microscopic era of medical and biological science 
ushered in. 


The compound microscope (invented in the Netherlands) 
had been used in Italy (Rome) to study the parts and or- 
gans of the bee as early as 1625, and it was employed by 
Malpighi and by his contemporaries Hooke (botanist) and 
Leeuwenhoek; the illumination of the objects was always 
direct, the mirror being a much later addition, and the 
tube was of unwieldy length. Owing to the inability to 
overcome spherical and chromatie aberration in compound 
lenses, the simple microscope came again into common use, 
and continued to be the chief instrument in the study of 
minute anatomy until the introduction of flint-and-crown 
glass lenses by English opticians about a century later. It 
was Malpighi’s practice to open animals alive, and some of 
his most striking discoveries were made under those cir- 
cumstances. Although Harvey had correctly inferred the 
existence of the capillary circulation, he had never seen 
it; it was reserved for Malpighi in 1661 (four years after 
Harvey’s death) to see for the first time the marvellous 
spectacle of the blood coursing through a network of small 
tubes on the surface of the lung and of the distended urina- 
ry bladder of the frog. We are enabled to measure the 
difficulties of microscopic observation at the time by the 
fact that it took Malpighi four years longer to reach a clear 
understanding of the corpuscles in the frog’s blood, although 
they are the parts of the blood by which its movement in 
the capillaries is made visible. His discovery of the cap- 
illary circulation was given to the world in the form of two 
letters De Pulmonibus, addressed to Borelli, published at 
Bologna in 1661, and reprinted at Leyden and other places 
in the years following; the letters to Borelli contained also 
the first account of the vesicular structure of the human 
lung, and they made a theory of respiration for the first’ 
time possible. The achievement that comes next both in 
importance and in order of time was a demonstration of 
the plan of structure of secreting glands; against the cur- 
rent opinion (revived by Ruysch forty years later) that the 
glandular structure was essentially that of a closed vascu- 
lar coil from which the secretion exuded, he maintained 
that the secretion was formed in terminal acini standing 
in open communication with the ducts, The name of Mal- 
pighi is still associated with his discovery of the soft 
or mucous character of the lower stratum of the epi- 
dermis, of the vascular coils in the cortex of the kidney, 
and of the follicular bodies in the spleen. He was the first 
to attempt the finer anatomy of the brain, and his descrip- 
tions of the distribution of gray matter and of the fibre- 
tracts in the cord, with their extensions to the cere- 
brum and cerebellum, are distinguished by accuracy; but 
his microscopic study of the gray matter conducted him to 
the opinion that it was of a glandular structure and that it 
secreted the “ vital spirits.’ At an early period he applied 
himself to vegetable histology as an introduction to the 
more difficult study of the animal tissues, and he was ac- 
quainted with the spiral vessels of plants in 1662. It was 
not till 1671 that he wrote his Anatome Plantarum and sent 
it to the Royal Society, who published it in the following 
year. An English work under a similar title (Anatomy of 
Vegetables) had been published in London a few months 
earlier, by Nehemiah Grew ; so that Malpighi’s priority as 
a vegetable histologist is not so incontestable as it is in 
animal histology. The -Anatome Plantarum coutained an 
appendix, Observationes de ovo ineubuto, which gave an 
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account (with good plates) of the development of the chick 
(especially of the later stages) in many points more com- 
plete than that of Harvey, although the observations were 
needlessly lessened in value by being joined to the meta- 
physical notion of “ preedelineation” in the undeveloped 
ovum. His works are—De pulmonibus: Epistole due ad 
Borrellium, Bologna, 1661 (went through several editions) ; 
Epistole anatomice Marc. Malpighii et Car. Fracassati, Am- 
sterdam, 1662 (on the tongue, brain, skin, omentum, etc.) ; 
De Viscerum Structura: exercitatio anatomica, London, 1669; 
Anatome Plantarum, cum appendice observationes de ovo incu- 

72 (other editions in 1675 and 
1679); De Structura Glandularum conglobatarum, London, 
1689; Opera posthuma, et vita a seipso scripta, London, 1697 
(another edition, with preface and additions, was published 
at Amsterdam in 1700). An edition containing all his 
works except the last two was published in London in 
1687, in two vols. folio, with portrait and plates. 


MALSTATT-BURBACH, a town in the district 
of Treves, Prussia, is situated on the right bank of the 
Saar (Sarre), almost contiguous with the town of St. 
Johann, and separated from Saarbriicken by the river. 
It lies in the midst of an important coal-mining and 
industrial district, and is itself little more than a long 
and narrow row of manufactories and workmen’s 
houses. The largest factories are engaged in the pro- 
duction of iron, steel, and cement, one iron-work em- 
ploying nearly 2000 men, and producing 285,000 tons 
of raw and manufactured metal annually. ‘There is 
a large wharf on the river for the export of coal. At 
the census of 1880 Malstatt-Burbach contained 13,158 
inhabitants. 

Malstatt is of very ancient origin, and received munici- 
pal rights in 1321. These, however, were afterwards re- 
signed to the newer town of Saarbriicken, and in 1818 
Malstatt and Burbach were twosmall villages with a joint 
population of only 822. 
the population began to increase rapidly, in consequence 
of the development of the mining industry of the district 
and the extension of the railway system, and in 1875 the 
two villages were united to form a town. In 1870 Malstatt- 
Burbach was cannonaded by French troops under the com- 
mand of Napoleon III. 


MALT is the grain of any cereal artificially germi- 
nated so as to induce certain changes in the constitution 
of the seed, especially a conversion of a portion of the 
starch into sugar. The varieties of grain usually em- 
ployed for malting are barley and bere or bigg, and 
the processes of preparing the substance are fully 
explained under BREWING (vol. iy. p. 237). 

Ihe specific effect of the malting of grain is to trans- 
form by the process of germinationa proportion of the 
starch ito soluble sugar and dextrin. These changes 
are effected by the agency of a peculiar nitrogenous 
ferment, diastase, which exists in the grain, but which 
is increased in amount during the germination. The 


~ precise sequence of changes, and the exact nature of 


the new chemical compounds evolved, are still matters 
of some doubt. It is clearly established that the fer- 
ment of barley is incapable of transforming the starch 
on which it operates entirely into sugar, the ultimate 
products of the action being partiy dextrin and partly 
sugar. The relative proportions of these bodies evolved 
by fermentation from starch have been matter of dis- 
pute, some holding that from three molecules of starch 
there are evolved two molecules of dextrin and one of 
sugar, while others affirm that the yield is two of sugar 
and one of dextrin, and a third party hold that for 
each molecule of sugar there is one of dextrin pro- 


~ duced, thus :— 


Starch. Sugar. Dextrin. 

206H1005 ++ H20 = CeHi206 + CeHipOs. 
These statements, however, are based on the assump- 
tion that the sugar which results from the fermentation 
of germinating barley is ordinary grape sugar or dex- 
trose, OsHy,0¢; but it has been demonstrated, first by 
O'Sullivan, that it is a form of sugar possessed of 
eculiar properties to which the name maltose has 
en given. Maltose, according to O'Sullivan, is isom- 
eric with cane sugar, C,2H..O,,, but Mircker considers 


About the middle of the century | 
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that its constitution should be represented by Cy.H,,0,,, 
and that the equation is as follows :— 
Starch. ' Maltose, —-Dextrin. 

4C6H1005 +- 2H20 = CigH34O17 + C6H100s. 
Maltose possesses the power of reducing Fehling’s so- 
lution (cupric oxide) only to the extent of 63 per cent. 
as compared with dextrose, but its power of right- 
handed polarization is three times as great = + 154°. 
According to Dubrunfaut the efficient ferment in barley 
is maltin, a much more richly nitrogenous and active 
body than diastase, which he considers to be only a 
product of the decomposition of maltin. 

By the processes of malting 100 parts by weight of 
barley yield about 80 of kiln-dried malt and 2 to 3 
of dried radicle and plumule called ‘‘ malt dust.’’ The 
progressive modification in composition is shown in the 
accompanying table of analyses extracted from the re- 

ort presented by Mr. (now Sir) J. B. Lawes to the 
ae of Trade ‘‘ On the Relative Value of Unmalted 
and Malted Barley as Food for Stock, 1866,’’—an in- 
quiry which resulted in showing that the advantages 
claimed for malt as a feeding material were largely 
illusory :— 
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Since the article BREWING was written the malt tax 
then in force in the United Kingdom has been repealed, 
and in its place, under the provisions of the Inland 
Revenue Act, 1880 (43 and 44 Vict. cap. 20), an equiva- 
lent duty on beer has been substituted. By that en- 
actment numerous modifications have been made 
practicable in the use of malt for feeding and other 
industrial purposes, and much greater latitude has been 
given to brewers in the selection and use of raw ma- 
terials for the manufacture of the beverages hitherto 
known as malt liquors. Taking as the unit of measure- 
ment the bushel of malt, which is defined by statute as 
equivalent to 42 tb of malt or corn of any description, 
or to 28 th of sugar, the malt duty, which under the 
provisions of the repealed statutes amounted to 2s. 7d., 
with 5 per cent. additional, has been transformed into 
a beer duty of 6s. 3d. charged upon every 36 gallons 
of wort of a specific gravity of 1057; and every brewer 
is deemed to have brewed 36 gallons of worts of that 
gravity who has used 2 bushels of malt in brewing. In 
the case of brewers for sale, should the quantity of 
worts produced and the specific gravity of such worts 
exceed by more than 4 per cent. the quantity and 
gravity above specified, the duty is charged for the ex- 
cess over and above such 4 per cent. Brewers for 
domestic use and for the use of their own farm laborers 
are exempt from duty when the annual value of the 
house occupied by the brewer is not more than £10, 
and all brewers for domestic use who occupy houses 
exceeding in value that amount, and who consequently 
are subject to the beer tax, must brew their beer on 
their own premises only. 

The malt tax, which in reality was a duty on raw 
grain, had long been regarded as a grievous impost, 
and its repeal was systematically agitated for by the 
agricultural interest. ‘The tax, it was alleged, operated 
injuriously on the cultivators of barley, and prevented 
stockholders from freely using malt for the feeding of 
cattle and of ewes at the lambing season, etc. On the 
part of brewers it was maintained that the operation 
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of the tax restricted them to the use of the heaviest 
aud most expensive classes of barley alone, and that 
they were consequently precluded from using many 
varieties of grain and saccharine materials which under 
other conditions they might employ with advantage 
both to themselves and to the consumers of beer. No 
sooner, however, was it proposed by the Government 
to effect the change so long clamored for—not indeed 
the entire abolition of taxation on malt liquors, but 
the freeing of a raw material from fiseal impost—than 
the avricultural community discovered they had made 
amistake, and that while it was really the beer drinker 
who paid the malt tax, its operations had rather tended 
to give the British barley grower a monopoly of the 
trade in that raw material, and to artificially enhance 
the value of the heavier qualities of the grain. Fur- 
ther it was found that the idea of using malt for feed- 
ing purposes to any considerable extent, a right which 
stockholders already possessed under the provisions of 
of the ‘‘Gladstone Act’’ (27 and 28 Vict. cap. 9) was 
entirely illusory; and as a matter of fact no demand 
has arisen for malt for such purposes. On the other 
hand, the freedom of choice as to raw materia!s which 
the Inland Revenue Act 1880 has given to brewers 
has not been without influence on the industry, al- 
though the modifications have up to this time been by 
no means so numerous and important as had been 
anticipated. Barley continues to be the principal, and, 
supplemented by sugar, almost the only, raw material 
of wort; but brewers no longer have any interest in 
confining themselves to the heaviest and plumpest 
growths, and consequently much light and foreign- 
grown barley is now used. It was also expected that 
raw grain, and particularly maize, would be largely 
used with malt in the mashings, especially as a method 
had been devised and patented by Mr. R. Blair Robert- 
sou of Glasgow for removing the germ of that grain, 
which contains a peculiar acrid oil, and which com- 
municates a bitter unpleasant flavor to the wort in 
which it may be infused. To alimited extent a ‘‘ maize 
beer,”’ in which one-third part of Robertson’s patent 
prepared maize is mashed with two-thirds of malt, is 
being brewed with quite satisfactory results, but the 
mixture does not appear to have commended itself 
generally to the trade either on the score of quality or 
of cheapness. 

Malt is also the raw material from which the whiskey 
of Scotland and Ireland is principally distilled, and it 
is the source of the greater part of the best qualities 
of table and pickling vinegar. Chiefly on account of 
the great solvent power over starch possessed by the 
diastase or maltin it contains, malt is extensively used as 
acombination in prepared farinaceous fuod for infants, 
and in the form of a malt extract it possesses con- 
siderable reputation in pharmacy. 

MALTA is the chief island of the Maltese group, con- 
Plate ut,  SiSting of Malta, 35°50’ N. lat. and 14° 307 KN. 
"| long., Gozo, 36° 5” N. Jat. and 147 1070E. 
long., Comino, which lies between them, and the two islets 
Cominotto and Filfla, a crown colony, and one of the 
Mediterranean possessions of Great Britain. Maltais 174 
miles long by 94 broad, containing an area of about 95 
square miles (about two-thirds the size of the Isle of 
Wight), and Gozo is 9 miles long by 5 wide, with an area 
of 20 square miles. The islands lie directly south of 
Sicily, distant from 55 to 60 miles, near the centre of the 
Mediterranean basin, where they appear as the remains 
of an ancient chain of islands, much worn and still 
wearing away by the sea. Gozo, which has the same 
general character as Malta, possesses more moisture 
and richer soil, and therefore more verdure. <A cluster 
of single hills, remarkable for their steeply conical 
shape, on one of which stands Rabato, the principal 
village, is near the middle of the island. Along the 
northern and eastern shores of Malta the coast-line is 
frequently broken by deep indentations and bays (St. 
Paul's, St. George’s, and St. Julian’s Bays); on the 
peninsulas in and round the most remarkable of these 
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Valetta and its fortifications are built. The geo- 
logical formation is late Hocene, the prevailing rocks 
being white, gray, reddish, or yellow sandstone, with 
some beds of marl and coral limestone, in many parts 
abounding in fossils. The surface of the country is 
diversified by valleys and steep hills; there is little 
water, and no river, brook, or lake exists on any of the 
islands. The highest point of Malta is near Casal 
Dineli, about 750 feet above the sea to the south; a 
little farther north lies the ancient capital, Citta Vec- 
chia, upon another steep height ; west of these lies the 
range of Bingemma Hills running northeast to south- 
west ; from this higher ground the land slopes some- 
what towards the northwest. On the west and south 
the cliffs rise sheer from the sea to a height of 300 
or 400 feet; on the north the rock in many places 
shelves to the water’s edge, though the harbors of 
Valetta and the rocks where the apostle Paul was 
wrecked are an exception to this. At the east end is 
the large harbor Marsa Scirocco, into which the south- 
east sirocco blows with full force. The general appear- 
ance of the land is bare, owing to the want of wood- 
land, and also to the use of stone walls as inclosures for 
the fields, which in the east of the island are smaller 
than in the west. ‘The dark foliage of the carob and 
the singular masses of the prickly pear are, however, 
very marked in the landscape, which with its contrasts 
of blue sea running into the brown and yellow land, 
heightened by whatever of green may be, is of fascinat- 
ing beauty under the effects of morning light and set- 
ting sun. he land is closely cultivated; often the 
soil is terraced on the sides of the hills as a safeguard 
against the winter rains. ‘he soil is in many places 
extremely thin; it is, however, so fertile that it produces 
two and sometimes three crops in a year. Large quan- 
tities of early potatoes grown for the English market, 
corn sufficient to supply the island for four months of 
the year, cotton, principally for home use, and a fine 
red-flowering clover, called sulla, are the chief crops ; 
excellent honey is obtained from Gozo; oranges and 
figs come to great perfection. Goats abound, but few 
cows are kept; the mules and asses are fine; cattle and 
sheep for butcher meat are imported from Barbary.’ 
Fish is good and abundant. he flowers of Malta are 
famous; Cicero mentions the cushions stuffed with 
roses used by Verres, and many a lovely garden is 
hidden behind the high stone walls. The interesting 
flora of the islands approaches that of Africa (to which 
continent the old geographers considered them to 
belong, as the French do still), including the palm, eac- 
tus, and other subtropical plants. The scanty fauna is 
for the most part Kuropean; the Maltese dog is men- 
tioned by Strabo and other old writers ; a few still re- 
main, though not wild. Of birds there are about ten 
or twelve indigenous species, but a large number of 
migratory birds pass or rest here. ‘The marine plants 
and animals also offer a rich fund of material to the 
student. 

The winter climate is temperate and_ healthy, the 
thermometer ranging from 51° to 71° Fahr. between 
October and May. In the summer months the heat 
is almost tropical; from July to the end of October it 
ranges between 80° and 90°. Snow is unknown, but 
hail occurs in winter, and much rain usually falls be- 
tween December and February. The northerly winds 
are bracing, but the southeast wind, called the sirocco, 
which brings the warm air from the African deserts, 
and then takes up the salt sea mists, is very deleteri- 
ous; it occurs suddenly, chiefly in August and Sep- 
tember, occasionally in the spring, and fortunately lasts 
usually but a few hours. ‘he ‘‘gregale’’ (‘‘ euraky- 
lon’ of Acts xxvii. 14) is a strong northeast wind 
which occasionally blows in the winter months with 
ereat fury and force for two or three days together, es- 
pecially in November and February, rendering it dan- 
gerous to cross the harbor, sometimes tearing up stone 
walls and landing-steps, and otherwise doing much 
damage. 
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The Maltese are a strong, well-formed race, the men 
dark, handsome, and lithe, the women with black eyes 
and fine hair and an easy carriage ; as in other Eastern 
nations, the working classes grow old at a compara- 
tively early age. They are a cheerful, good-humored, 
and industrious people, sober and abstemious, though 
pected and addicted to the use of the knife. 

read or pasta, with a few olives, a little oil, or milk 
cheese, forms the chief support of the poor, who seldom 
or never eat meat, and drink but little of the light 
wine of the country. The gentry have a large admix- 
ture of Spanish, Ltalian, and French, but among the 

eople in general the Arab race and character pre- 

ominate, influenced by contact with Sicily. Of the 
native language 70 per cent. consists of Arabic words, 
the rest being chiefly a corrupt Italian; that spoken 
in Gozo is the purest Maltese. The festivals and 
ceremonials of the Roman Church are kept up to 
an extraordinary degree, together with a few that seem 
to be derived from the Greek Church. The perpetual 
ringing of monotonous church bells, and the peculiar 
method of striking time, are relics of South Italian 
customs. 

Malta is divided into twenty-six casals or village 
districts, Gozo into nine; some of the villages are large 
and populous, each having its church, often large and 
handsome. Near the middle of the island, on sharply 
rising ground, stands the ancient capital, called Civi- 
tas Melita by the Romans and oldest writers, Medina 
(i.e., the city) by the Saracens, Notabile (‘locale nota- 
bile, et insigne corone regize,’’ as it is called in a char- 
ter by Alphonso, 1428) under the Sicilian rule, and 
Citta Vecchia (old city) by the knights. The cathe- 
dral, overthrown by an earthquake in 1693, but rebuilt, 
stands on the reputed site of the house of Publius, 
Paul’s friend; many Maltese gentry live in this 
town, and the English utilize some of the buildings. 
The Roman remains and catacombs of Citta Vecchia 
must not be forgetten. Since 1570 the chief town has 
been Valetta,—a city built on a ridge of rock (Mount 
Sceberras) which runs like a tongue into the middle of 
a bay, which it thus divides into two great harbors, 
subdivided again by three other peninsulas into creeks. 
On two of these peninsulas, and at their base, are built 
the aggregate of towns called the Three Cities, part of 
which (grown up under the old Fort St. Angelo) is 
much older than the coming of the knights, and is 
called Vittoriosa in commemoration of the siege of 
1565. Valetta, including the suburb Florian, is about 
2 miles long and $ mile wide; Fort St. Elmo, with a 
lighthonse, stands on the point; the summer suburb 
Sliema lies on the point which incloses the west or 
Marsamusceit harbor; Fort Ricasoli on the opposite 
point inclosing the east or grand harbor. ‘The streets 
of Valetta, paved with stone, run along and across the 
ridge, and end on each side towards the water in steep 
flights of steps. Many of the houses, which are of 
stone throughout, with flat roofs, are large and luxuri- 
ously built ; wooden;covered balconies project from the 
windows and give a peculiar aspect to the streets. 
There are several fine public buildings, as the gover- 
nor’s palace, the new opera-house, the public library, 
the auberges or lodges of the knights, especially the 
Auberge de Castile, the English church built by Queen 
Adelaide and others. Roman Catholic churches in 
Valetta are very numerous; the cathedral of St. John is 


famous for its rich inlaid marbles, its Brussels tapes- 


tries, its roof painted by Matteo Preti (1661-99), and 
the picture by Caravaggio, the Decollation of John the 
Baptist. The hospital of the knights contains one of 
the longest rooms in Kurope, 508 feet in length, with- 
out a central support. The extensive bagnios under 
the rock, formerly occupied by the slaves of the 
knights, are now used for naval stores. The knights 
strengthened Valetta and its harbors by bastions, cur- 
tain-walls, lines, and forts, towards the sea, towards the 
land, and on every available point, taking advantage 
in every particular of the natural rock and of the 
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marvellous advantages of situation, rendering it then 
almost impregnable. The work of fortifying the place 
with modern armament is carried on by the British 
Government, which possesses there the finest naval 
hospital in Europe, a military prison, and other 
necessary institutions, including immense subterranean 
stores of grain. New sanitary and water works and 
dwellings for the over-crowded poor have lately been 
undertaken by the local authorities. The city is clean 
and well-regulated, gay with the motley throng of all 
nations that continually come and go, and presenting 
many features common to the Kast; the influx of win- 
ter visitors attracted by the mild climate and social 
gaieties has of late years proved a source of wealth to 
the inhabitants. A railroad from Valetta to Citta 
Vecchia, the first in the island, is now nearly com- 
pleted. 

The importance of Malta lies, as of old, in its har- 
bors, which render it a splendid port of call, repair, or 
refuge, as well as a fine naval station, in its capabilities 
as a depét for coals and stores, in its hospitals, and in 
its strength as a military station. Its position in the 
Mediterranean is of the utmost value towards keeping 
a clear highway to the Kast and to India. During the 
elghty-two years of British occupation the population, 
trade, and produce have largely increased. The gov- 
ernment, created by royal letters patent of 11th May, 
1849, consists of a council of eighteen members, eight 
elected by the Maltese (about two thousand three hun- 
dred electors), nine chosen by the crown, and the goy- 
ernor, with a salary of £5000, who is usually a military 
officer. ‘I'o these were added by letters patent of May, 
1881, an executive council of three members to advise 
and assist the governor. The council have powers to 
make laws and to vote money; this last was restricted 
by the British Governmont in 1875, leading to a pro- 
test in the following year by the elected eight. The 
government of the islands presents peculiarities owing 
to the combination of military and civil duties. Sey- 
eral recent inquiries on taxation, education, ete., have 
led to important changes during the last two years. 
The consolidated revenue is at the disposal of the crown 
through the governor and council; Malta is self-sup- 
porting, costing the imperial exchequer little beyond 
the military and naval establishments, and even con- 
tributing £5000 annually towards the former. The 
revenue arises chiefly from import duties (of which a 
large proportion accrues from a tax of 10s. a quarter 
upon grain) and tonnage dues. 


Revenue. Expenditure. 
IRV AS oecuolcicn eae £153,794 £185,946 
SSO TPaE Ravel a) otal wef 190,661 169,318 


The tonnage of vessels entering and clearing equals 
that of Gibraltar; in 1878 it amounted to 6,503,859 
(5,669,046 of which was for British vessels), and in 
1880 it was 6,147,234. In 1879 the value of imports 
actually landed was £794,565, and of exports £216,050, 
—a value of about £18,700,000 merely touching at the 
port. The figures fluctuate ; in the following year they 
fell considerably. In 1837 the revenue was but £95,- 
600, while but one steamship, of 137 tons, entered the 
harbor; in 1879 2894 steamers, with a tonnage of 
2,781,806, entered. In the naval yard numerous ves- 
sels are repaired yearly; in 1876-77 these amounted to 
39 ironclad and other ships and 43 smaller vessels. One 
arm of the harbor is devoted to a coaling station, where 
enormous quantities of coal are annually imported and 
sold (384,272 tons in 1880). The British Mediterra- 
nean fleet is stationed there for six months of the year, 
the strength of the naval forces being usually about 
5000 men. The strength of the military in the island 
ig usually about 6500, the largest garrison in any Brit- 
ish colony. 

The population, which in 1837 was 115,570, was 
154,892 in 1880, exclusive of British troops and their 
families, about 24,000 being English and foreigners ; 
it is rapidly increasing, and is unequally distributed, 
the greater part being settled in the large casals or 
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villages on the eastern half ofMalta, including the | 
densely populated Valetta, large tracts to the west are | 
bare and but sparsely inhabited; about one-third of 
the island is rocky and uncultivated. Malta has now 
1510 inhabitants to the square mile, Gozo 962. In 
1879 there were 9868 children (about two-fifths of | 
these at school age) attending elementary schools, in- 
cluding 768 students at the university and two lyceums ; 
in 1880 the total was 9595. All the easals of Malta 
and Gozo (with but one or two exceptions), besides 
Valetta and the Cities, have schools, which are now 
placed on the same system as the board schools in 
England; great efforts are being made to extend the | 
acquisition of the English language, which till recently 
was neglected in favor of Italian. The director of 
pi education, besides the elementary, has under 
uis care several secondary schools, two lyceums in Vit- 
toriosa and in Valetta, and the university (founded 
by the knights in 1768), with faculties of philosophy 
and arts, law, medicine, and theology. In Valetta is 
a large public library founded by the knights in 1760, 
containing 48,000 volumes, open free daily; in Gozo 
is a stnaller one. 


History and Antiquities—Malta (Melita), with its sister 
Gozo (Gaulus or Gaudus), has from time immemorial been a 
place of importance to whatever race wished to hold the 
highway of the Mediterranean, whether Phenician, Punic, 
Roman, or Arab. Thus even the stories of Homer have a 
semblance of truth, for the Ogygian isle where Ulysses took 
refuge has been supposed to be Malta or Gozo, in both of 
which tradition (born of the poem) yet points out the grot- 
toesof Calypso. The earliest inhabitants of whose presence 
we have any actual trace are the Pheenicians, from 
whom we have several important inscriptions which 
tell of them and their temples, several curious images be- 
lieved to belong to their worship, and many specimens of 
their pottery and glass, chiefly found in tombs, some bear- 
ing Pheenician characters and potters’ marks. Sepulchral 
caves and clusters of rock-hewn tombs, especially those in 
the hills of Bingemma, in several of which terra cotta sar- 
cophagi have been found, are referred with reason to a 
Pheenician or a Punic origin; Caruana’s Report gives a list 
of these in eight places, distinguishing them from numerous 
Greek and Christian catacombs which also exist in the 
islands. The most remarkable remains are three rough 
stone erections, one in Gozo (Torre dei Giganti), and two in 
Malta, about a mile apart (Hagiar Kim and Mnaidra), which 
mainly consist of several apsidal chambers side by side, the 
walls of which are built of enormous horizontal and up- 
right stones. In Malta the ruins show evidence of much 
skill in stonecutting; the entrances to the chambers con- 
sist of three large slabs of stone in place of doorpost, each 
smaller than and at a little distance from the one outside 
it; several have well-shaped holes for ropes or other fasten- 
ing; otherslabs have sharply-squared holes and shelves cut 
in the solid stone; others again are ornamented with “ pit- 
markings” or little depressions cut evenly all over the sur- 
face of the stone. A table oraltar is also found in some of 
the rooms, a massive slab of stone supported on an upright 
formed like the trunk of a tree; in one case the two ends 
of the slab are carefully mortised into the walls at each 
side, the chamber being very small, and apparently in- 
tended specially for its receplion. Hagiar Kim was exca- 
vated by the Government in 1840, when considerable traces 
of the action of fire were found on some of the walls, as well 
as buried ashes. In other rooms were found quantities of . 
bones, many fragments of pottery, lamps, bowls, etc., nine 
images, and a small ornamented altar (Archeol., vol. xxix. 
p. 227). The ruins in Gozo were excavated about 1827 
(Archzol., vol. xxii. p. 294), All these buildings stand on 
commanding positions, high on the side or the shoulder of 
steep hills. They have been usually considered Phcenician 
temples ; and, on comparison of them with what is known 
of the great temple of Melkart at the southeast corner of 
Malta, the presumption is strong that these two were built 
by the same race, at some very early period. The bilingual 
inscription found there belongs to a laterage, the Greeco- 
Punic time, to which Greek coins found in both islands 
and a few other remains bear evidence. It is probable 
that the islands shared in some degree the varying fortunes 
that followed on the wars in Sicily, which took place as_ 
Greek drove out Phoenician, as Carthaginian drove out 
Greek and tried to regain the ancient possession of the) 


mother-land, as finally Rome conquered all. During the | 


First Punie, War (264-241 B.c.) Malta seems to have been 
conquered and reconquered more than once (Orosius, iv. ¢. | 
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8). In the Second Punic War the Carthaginians, under 
Hamilear, son of Gisco, gave it up to Titus Sempronius, 
218 B.c. (Livy, xxi. 51), 

In the pursuit of manufactures and commerce Malta had 
attained a high degree of prosperity under the Phcenicians, 
which still existed under the Romans of the Augustan age. 
It was especially famous for its textile fabries (probably of 
cotton, which is grown and spun there to this day) ; the 
Sicilian preetor Verres sent there for women’s woven gar- 
ments. The inhabitants were rich, and there were many 
artificers of all kinds. Ovid speaks of it as a fertile island 
(Fast., iii. 567). The remains formerly existed (unfortu- 
nately now for the most part dispersed or destroyed) of sev- 
eral fine Greeco-Roman temples, such as the temple of Juno 
spoken of by Cicero and Valerius Maximus, whose orna- 
ments and fineivories and carved figures of Victory tempted 


| more than one sacrilegious robber; the temple of Proser- 


pine, which we learn from an inscription was repaired by 
Chrestion, a freedman of Augustus, procurator of Malta ; 
and the temple of Apolloat the chief town Melita, which 
with a theatre shared the munificence of a wealthy Maltese 
under the Antonine rule ; these ané the ruins of a princely 
Roman dwelling with mosaics, system of water supply, etc., 
at the same place, are but a few signs of the luxury enjoyed 
in the islands. Diodorus noticed the beauty and adorn- 
ment of the houses in Malta in his time, a few years after 
the shipwreck of St. Paul. One of the islanders was a friend 
of Cicero, who had thoughts of retiring there himself. A 
mole and important harbor works, discovered & few years 
ago, show that the Romans were not behind in strengthen- 
ing the natural advantages of the islands for shelter. In- 
scriptions recording municipal institutions there date from 
the time of Hadrian; how much earlier they possessed them 
is unknown. Before then we hear of Chrestion the procura- 
tor mentioned above, and a Roman governor under Augus- 
tus, Lucius Castricius, styled zparos Me\raiwy, “ chief man 
of the Maltese’ (Caruana, 1882, p. 134; 1881, pp. 20, 21), 
just as, half a century later, Publius was mparos ris viicon, 
“chief man of the island” (Acts xxviii. 7); all these were 
probably concerned in the local government. The Romans 
retained the Maltese group for many centuries. At the di- 
vision of the empire in 337 A.D. it passed with Italy, Illyria, 
and Africa to Constans ; after the reunion, and the final di- 
vision after the death of Theodosius in 395, Malta, as one of 
the isles of the Mediterranean, remained with the empire 
of the East. History has but little to mention regarding it 
during those early times, except that event of ever-living 
interest, the shipwreck of St. Paul, 58 A.D., which it is now 
well-ascertained took place in a bay on the north side of - 
Malta. The alleged conversion of the Maltese to Christianity 
following the three months’ stay of the apostle and his com- 
panions may be a fact; Chrysostom refers to it (Hom. 54 on 
Acts). Many Christian monograms and inscriptions have 
been found, ranging from the 2d to the 9th century; and 
the tombs and subterranean cemeteries near Citta Vecchia 
are said to be arranged like the Christian cemeteries of sub- 
terranean Rome (Caruana, 1881, p. 18). Tradition says these 
were used as hiding-places in times of persecution ; it is 
certain that Ptolemy at the end of the 2d century notes the 
famous temples of Hercules and Juno as still in existence; 
the old religion and the new must have gone on side by side 
for along time. After atime Malta was made a bishopric; 
according to R. Pirrus (Sicilia Sacra, Mclitensis Eecl. Not, 
vii. s.v. “ Lucillo”’) it was, though considered part of Africa, 
subject to the bishop of Palermo (in 6th century primate of 
Africa); we find Gregory the Great dealing with a contu- 
macious bishop of Malta and directing the bishop of Syra- 
cuse and others to depose him, and to aid the successor 
appointed in his place (Greg., pist., li. 44; ix. 63; 
SS 

The Saracens did not gain possession of Malta without a 
struggle of many years; they invaded it three times, in 828, 
836 (when it appears to have been chiefly Gozo that suffered), 
and finally in 870, when the inhabitants of Melita, having 
massacred the Greek (Byzantine) garrison of 3000, opened 
their gates to the invaders. The Arabs are said to have 
destroyed part of the city soas to bring the fortifications 
within smaller compass, rendering it more easy to defend, 
and to haye changed its name to Medina (great or chief 
city). In asuburb just outside the present walls there was 
discovered in 1881 a burial-place containing numerous Arab 
coffins, overlying the remains of the Roman palace men- 
tioned above, which was thus finally ruined and concealed 
by the conquerors. It is known that they built a fortress 
in 973, at the point of Mount Sceberras where Fort St. Ehno 
now stands. A few coins are preserved, but otherwise very 
little record remains of the Arab dominion, which lasted 
about two hundred and twenty years; no more Christian 
Vishops are known until after that time, but tradition as- 
serts, not without probability, that some of the original 
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natives remained in certain villages and some Greeks in the 
capital, among whom were Christians, 

The Norman knights, who brought their conquering arms 
into-Apulia, Calabria, and Sicily, and even sent ships to 
Byzantium, were probably the first to bring a Teutonic race 
and influence into Malta. Through somewhat uncertain 
dates it appears that Roger I. (youngest son of Tancred, and 
brother of Guiscard) about 1090 landed in the island and 
levied tribute, and that about 1127 Roger IL, this not being 
paid, set sail with a fleet, took Medina, then governed by a 
gaito, Maimono, and after setting free all the Christians and 
exacting a large sum in money, mules, and horses, completed 
the conquest of Malta and Gozo. Walter, bishop of Malta, 
whose name is found as witness to a document of 1090, is 
believed to have been now appointed by Roger I., and con- 
secrated by the pope. A succession of Christian bishops, 
endowments and buildings made, tithes granted, etc., testify 
to the restoration of the church in the islands, while they 
shared with Sicily the feudal laws and administration new- 
ly established under the Norman rule. In 1193 Malta asa 
county gave a title to Margarito Brundusio, grand-admiral 
of Sicily, and three successive counts of Malta followed. 
After the Norman princes had possessed the islands about a 
century, the kingdom of the two Sicilies, and the Maltese 
islands with it, passed in 1194 to the emperor Henry VI., in 
professed right of his wife Constance, daughter and heiress 
of Roger Il. In 1223 a Maltese named Henry or Arrigo is 
stated to have been grand-admiral of Sicily, (Pirrus, p. 906; 
Miége, ii. 38). He is probably the same as the distinguished 
Henry, count of Malta, who with three hundred Maltese 
youths in 1205 earned the favors of the Genoese by bril- 
liantly taking two forts in Tripoli (Caffarus, Ann. Genuenses, 
in Muratori, t. vi.), and who took part also in the fourth 
erusade. No traces of the crusaders, however, have been 
found in these islands, although it is probable that their 
leaders would not neglect the advantages of Maltese ports 
and sailors. 

Henceforward Malta, as a fief of Sicily, followed the for- 

tunes of that country. 
part in the Sicilian Vespers (1282), but to have held out for 
Charles of Anjou until Peter of Aragon, crowned king of 
Sicily, August 1282, won a battle at sea against the French, 
attacked Notabile and the forts, and thus obtained posses- 
sion of the islands. For nearly two hundred and fifty years 
the Spanish house, through fourteen kings of Aragon, bore 
rule over Sicily and Malta. In 1391 the countship was erec- 
ted into a marquisate, which lasted two years only. In 
1427 a swarm of Moors (18,000) ravaged Malta and Gozo, but 
were not able to take the city Notabile; yet the people, 
though afflicted by the plague in 1431—as not unfrequently 
at other times—were able to sally forth to conquer Gerbi on 
the coast of Africa in the following year. The kingat this 
time (1432) authorized the demolition of the old castle at 
Notabile, built three hundred and fifty years before, and 
.gave the ground on which itstood to the town; but the for- 
tifications of the island were strengthened (1466), the chief 
stronghold in the 15th century being the fortress of St. 
Angelo. The inhabitants, addicted to fighting at sea, were 
forbidden from 1448 to 1494 to send out armed corsair 
ships, in order it is said to retain those capable of defence 
in the islands, the population of which was at the begin- 
ning of that period very scant. The Jews were expelled 
from Malta by the same edict of Ferdinand, in 1492, which 
turned them out of Spain. By 1514 the population of Malta 
had doubled ; the two islands together contained 22,000 in- 
_ habitants (Miége, ii. 81). They frequently attacked the 
Moors on the mainland, and suffered reprisals themselves 
as late as 1526. Their last king of the Spanish house, the 
emperor Charles V., in 1530 granted Malta and Gozo (with 
the city of Tripoli) asa noble and free fiefto the knights of 
St. John of Jerusalem, still retaining, however, the suzer- 
ainty, by the homage of a falcon annually to be given by 
the knights. 

Malta thus during many centuries occupied the position 
ofa feudal fief of Sicily ; her laws and herchurch date from 
_ the times of the Normans, and both developed as in other 

feudal governments. The progress of her political inde- 
pendence in the 15th century, especially under Alphonso I. 
and John I., has been shown by the historian Miége; the 
history of the relations between Malta and the monarchs of 
Sicily affords an interesting example of feudal obligations 
with their attendant difficulties. That these fostered a 
spirit of liberty and independence in the people, and must 
have tended largely to the prosperity of the islands, is shown 
by numerous diplomas of the Aragonese suzerains preserved 
in the archives at Malta (Eton’s Authentic Materials, 1803, 
p. 108 sq.), where it is seen that the inhabitants acquired 
many privileges and were also able to pay on emergency 
considerable sums of money to increase and preserve their 
privileges. Thus in 1428, only a century before the knights 
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came, they paid 30,000 florins of gold to King Alphonso in 
order to secure their tenure by the crown of Sicily without 
any middle-lords, being the second time they thus bought 
back their island rights (Eton, p. 84), These things are to 
be noticed, because, as has been complained, the knights 
unjustly depreciated the value and advantages of the is- 
lands, in order the more readily to obtain the grant from 
Charles VY. Under the kings of Sicily, Notabile was a 
universitd or commune, with its popular council and jurats, 
a captain-justiciar representing the rights of the crown; in 
other words, Malta was a republic governed by its own laws; 
the principal magistrate was named by the king out of 
three persons proposed by the consilio popolare, and was lia- 
ble to dismissal on complaint by the people. The king pro- 
tected the island, and in return the Maltese took a share in 
his wars. When the knights took possession the Maltese 
stipulated that each grand master on entering office should 
take oath to maintain their ancient rights and liberties 
(Eton, pp. 88, 85,101). The knights began by deceiving 
the Maltese candidates for admission into their ranks. 
Their rule, at first conciliatory, soon became despotic; in 
time the overshadowing power of a rich military organi- 
zation encroached upon the constitutional government, 
corruption brought the officials under the control of the 
knights, and the people lost their liberties, though the 
material prosperity of the islands was in many ways height- 
ened, 

For the history of the order of St. John see St. JouN 
(KNIGHTS OF). Twenty-eight successive grand masters, 
from Lisle d’Adam to Hompesch (1530 to 1798), held the 
islands. Lisle d’Adam established his convent and hospital 
in the Borgo, a city that had grown up on the coast near 
the castle St. Angelo, opposite the ancient fort St. Elmo, 
In 1541 was made the first survey for the fortification of 
Valetta. Ten years later the Turks, led by their famous 
naval commander Dragut, ravaged Gozo, and made an at- 
tempt upon Malta which failed. The knights, already 
famous for their power at sea, were soon engaged in much 
skirmishing warfare against the pirates and Turks, win- 
ning success and riches, and the gratitude of Christian 
nations. In 1565, after eight years of threatening prepara- 
tions, during which the knights had been strengthening 
and fortifying their island, the Turks besieged them with 
an immense force; they defended themselves with such 
valor that it took a month to reduce Fort St. Elmo, and in 
rather over two months more the Turks, whose further 
advance was successfully resisted, were forced to retire, 
leaving the knights free to build their new city Valetta 
and its fortifications. The admiration and gratitude of 
Catholic countries for this service to Christendom showed 
itself in liberal donations towards these works ; large sums 
were also raised from the possessions of the order; and 
Valetta, the first stone of which was laid on 26th March, 
1566, in four years rose upon the ridge of rock, “a city 
built by gentlemen for gentlemen,” as it has been well de- 
scribed,—the original design of which, the cutting down 
the rock to a level platform, had only suffered from th+ 
continual fear of molestation by the Turks while building. 

The order, now firmly established in their island, zon- 
tinued to carry out their mission, that of keeping the 
Mediterranean clear from Turkish and Moorish pirates, and , 
of protecting Christendom against the infidels. Numerous 
sea-fights took place during the 16th and 17th centuries, 
many of them undertaken more to make up for the neglect 
of some of the grand masters to supply the islands with corn, 
by seizing upon Turkish stores, than for any better reason. 
Valetta became in consequence “a vast slave mart.” In 
1614, under G. M. Vignacourt, an aqueduct was constructed 
at a cost of £13,000 to bring water to Valetta from springs 
near Citta Vecchia, a work of immense value, and still in 
use. But the work of fortifying Malta occupied a large 
share of money and attention, and was carried on without 
relaxation by many of the grand masters, down as late as 
the building of Fort Tigné in 1793. Besides the great lines 
and forts in and around Valetta, the knights have left their 
mark all over the islands: they made good roads, improved 
Citta Vecchia, built watch-towers around the coasts, ane 
erected towers, country palaces, and gardens. They also 
established and continually carried on, at Notabile and 
Valetta, their hospitals for the sick and wounded. In 1768 
the Jesuits, having given much trouble, were expelled and 
their property confiscated. Danger from rebellion: twice 
threatened the knights—-in 1722, when the slaves were be- 
lieved to be in communication with the Turks, and from 
1773 to 1775, when both people and priests were wrought 
upon by oppression and misgovernment, which, only miti- 
gated for a time by the better measures of G. M. Rohan, led 
to the weak and disorganized condition of the order that 
ended in its overthrow. In June, 1798, the possessions of 
the order in France having already been seized by the 
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republicans, Bonaparte on his way to Egypt landed with a 
large force in a bay behind Valetta; no resistance was 
made, and in a few hours the French were in possession of 
the whole of Gozo and Malta except the town of Valetta 
and one little fort. In four days more. without bombard- 
ment, the order had surrendered Valetta and partially 
ceased to exist. Bonaparte stayed six days, laying down 
laws and regulations with a high hand, and collecting 
plunder from churches, ete. He left Vaubois in charge, 
but in less than three months the Maltese had revolted from 
the tyranny of their new masters, and Vaubois inside of 
Valetta with 6000 men sustained a siege and blockade last- 
ing two years, during which time Portuguese, Neapolitans, 
and asmall force of English assisted the Maltese. Sir Alex- 
ander Ball commanded in the name of the Sicilian king, 
and was put at the head of their National Council by the 
Maltese. On 4th September, 1800, Vaubois surrendered, 
and the Maltese (who lost 20,000 men) put themselves and 
their islands under the protection of the English,—reunion 
to the crown of Sicily, which they had sought, being no 
longer thought of. The treaty of Amiens (1802) provided 
that the islands should be restored to the order of St. John, 
obviously to the advantage of France, but repugnant to the 
Maltese. War breaking out again, the islands remained in 
the hands of England till in 1814 they were secured to her 
by the treaty of Paris (Art. 7), under which she still holds 
them. 

See Kenrick’s Phanicia, 1855; A, A. Caruana’s Reports on Phani- 
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Sicile, 1846; G. PF. Abela, Malta Illustrata, 1772; J. Quintin, Insule 
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1839; F. A. C. Davalos, Tableau historique de Malte, 1816; W. Eton, 
Authentic Materials for History of Malta, 1802; Houel, Voyage Pittor- 
esque, VOl. iv., 1787; G. P. Badger, Desertiption of Malta and Gozo, 1858 ; 
G. N. Godwin, Guide to and Natural History of Maltese Islands, 1880; 
Whitworth Porter, History of Knighls of Malta, 1858; A. Bigelow, 
Travels in Malta and Sicily, 1831; M. Miége, Histoire de Malle, 1840; 
Parliamentary Papers—reports by Mr. Rowsell on “ Taxation and 
Expenditure of Malta,’ 1878, by Sir P. Julyan on “ Civil Establish- 
ments,” 1880, and Mr, Keenan on the “Educational System,” 1880 
(the last two deal with the question of language); F, Vella, Maltese 
Grammar for the use of the English, 1881; Malta Penny Magazine, 1839- 
41; J. T. Mifsud, Biblioteca Maltese, 1764; Brydone, Teonge, John 
Dryden, Jr., W. Tallack, Rev. H. Seddall, Boisgelin, Rey. W. K. 
R. Bedford, W. H. Bartlett, St. Priest, Msgr. Bres, and F. Lacroix 
have also written om Malta. For natural science see the works 
of Dr. A. L. Adams, Professor E, Forbes, Captain Spratt, Dr. G, 
Gulia, C. A. Wright, and Wood's Jouwrist's Flora, (L. T. 8.) 


MALTE-BRUN, Conrap (1755-1826), a distin- 
guished geographer, was born August 12, 1755, at 
Thysted in Denmark, and died at Paris, December 14, 
1826. His real name was Malte Conrad Bruun, and 
it was not till he settled in France that he became 
known by the more familiar form. While a student 
at Copenhagen, he made himself famous partly by his 
verses, but much more by the violence of his political 
pamphleteering; and at length, in 1800, the legal 
actions which the Government authorities had from 
time to time instituted against him culminated in a 
sentence of perpetual banishment. he principles 
which he had adyocated were those of the French 
Revolution, and, though he at first sought asylum in 
Sweden, before long he found his way to Paris. There 
he looked forward to a political career; but, when 
Napoleon’s personal ambition began to unfold itself, 
Malte-Brun was bold enough to protest, and to turn 
elsewhere for employment and advancement. He was 
associated with Mentelle and Herbin in the compila- 
tion of their Géogruphie mathématique . . . de toutes 
les parties du Monde (Paris, 1803-7, 16 vols.), and 
before many years he was recognized as one of the best 
geographers of France. He is remembered, not only 
as the author of six volumes of the learned Précis de 
géographie universelle, continued after his death by 
other hands, but also as the originator of the Annales 
des Voyages (1808), and the principal founder of the 
Geographical Society of Paris. 

MALTHUS, Tomas Ropert (1766-1834), the 
scientific expounder of the principle of population, was 
born in 1766 at the Rookery, a small estate owned by 
his father in the county of Surrey. His father was a 
gentleman of good family and independent fortune,— 
a man of considerable culture both in literature and 
philosophy, the friend and correspondent of Rousseau, 
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and one of his executors, one, too, who showed no 
little interest in those social problems in which his gon 
was to be an original inquirer. Young Malthus was 
never sent to a public school, but received his educa- 
tion from private tutors, who were themselves men of 
some distinction. In 1784 he was sent to Cambridge, 
where he was ninth wrangler, and became fellow of his 
own college (Jesus) in 1797. \ The same year he 
received orders, and undertook the charge of a small 
parish in Surrey, still, however, retaining his fellow- 
ship. In the following year he published the first 
edition of his great work, An Essay on the Principle 
of Population as it affects the Future Improvement of 
Society, with remarks on the speculations of Mr. G'od- 
win, M. Condorcet, and other writers. he work ex- 
cited a good deal of surprise as well as attention; and 
with characteristic thoroughness and love of truth the 
author went abroad to collect materials for the verifica- 
tion and more exhaustive treatment of his views. As 
Britain was then at war with France, only the north- 
ern countries of Hurope were quite open to his research 
at that time; but during the brief peace of Amiens 
Malthus continued his investigations in France and 
Switzerland. The result of these praiseworthy labors 
appeared in the greatly enlarged and more mature 
edition of his work, which was published in 1803. In 
1805 Malthus married happily, and not long after was 
appointed professor of modern history and_ political 
economy in the East India Company’s College as 
Haileybury. This situation he retained till his death 
in 1834. Malthus was one of the most amiable, 
candid, and cultured of men. In all his private rela- 
tions he was not only without reproach, but distin- 
guished for the beauty of his character. He bore the 
popular abuse and misrepresentation without the slight- 
est murmur or sourness of temper. The aim of his 
inquiries was to promote the happiness of mankind, 
which could be better accomplished by pointing out 
the real possibilities of progress than by indulging in 
vague dreams of perfectibility apart from the actual 
facts which condition human life. 

Malthus’s Essay on Population grew out of some 
discussions which he had with his father respecting 
the perfectibility of society. His father shared the 
theories on that subject of Condorcet and Godwin; 
and his son combated them on the ground that the 
realization of a happy society will always be hindered 
by the miseries consequent on the tendeney of popula- 
tion to increase faster than the means of subsistence. 
His father was struck by the weight and originality of 
his views, asked him to put them in writing, and then 
recommended the publication of the manuscript. It 
was in this way the “ssay saw the light. Thus it will 
be seen that both historically and philosophically the 
doctrine of Malthus was a corrective reaction against 
the superficial optimism diffused by the school of 
Rousseau. It was the same optimism, with its easy 
methods of regenerating society and its fatal blindness 
to the real conditions that cireumseribe human life, 
that was responsible for the wild theories of the 
French Hatoiaean and many of its consequent ex- 
cesses. 

The Essay on the Principle of Population will best be con- 
sidered under two heads :—(1) the principle itself, with the 
arguments and illustrations by which it is supported; and 
(2) remarks on its origin and its applications. 

I. The principle itself. The idea with which Malthus 
starts is the improvement of society. In an inquiry con- 
cerning the improvement of society there are two things 


| to be done,—(1) to investigate the causes that have hith- 


erto impeded the progress of mankind to happiness, and 
(2) to examine the probability of the total or partial 
removal of these causes in future. Waiving the considera- 
tion of such an immense field of thought, Malthus restricts 
himself to the examination of one great cause intimately 
connected with human nature and its effects on society, 
which, though operating since the commencement of soci- 
ety, has been little noticed by writers. This cause is the 
constant tendency in all animated life to increase beyond 
the nourishment prepared for it, Throughout both the ani- 
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mal and vegetable kingdoms, nature has scattered the 
seeds of life abroad with the most profuse and liberal hand. 
Life on this planet is so prolific that, if allowed free room 
to develop itself, it would fill millions of worlds in the 
course of a few thousand years. There is only one limit 
to the indefinite increase, and that is necessity. In plants 
and irrational animals, which are impelled by blind 
instinct untroubled *by doubts about providing for their 
offspring, the problem is simple; in their case increase is 
checked only by want of room and nourishment. As 
regards man, whose equally powerful instinct is controlled 
by reason, the question is more complicated, In his case, 
increase must either be checked by preventive restraint, 
which too frequently produces vice; or a constant check, 
from the difficulty of acquiring food, must be in operation. 

That population tends to increase beyond the means of 
subsistence is obvious in two ways,—(1) from the compari- 
son of the natural increase of population, if left to exert 
itself with perfect freedom, with the available increase of 
subsistence under the most favorable conditions, and (2) 
from a review of the different states of society in which 
man has existed. Under the first head, Malthus considers 
it a safe calculation that population, when unchecked, goes 
on doubling itself every twenty-five years. It has even 
been calculated that it may double itself in about thirteen 
years; that proportion has actually occurred for short 
periods in more countries than one. Malthus, however, 
contents himself with the more moderate rate, namely, 
that population, when unchecked, doubles itself every 
twenty-five years, or increases ina geometrical ratio. If 
so, how is the rate of increase of the means of subsistence 
to be estimated? If we take a limited area, no improve- 
ment in developing the resources of the soil will keep 
pace with the unchecked increase of population. We may 
allow that, through the great improvements of agriculture 
in Great Britain, the average produce of the island could be 
doubled in the first twenty-five years; but in the next 
twenty-five it is impossible to suppose that the produce 
could be quadrupled. The utmost we can allow is that the 
produce might be increased every twenty-five years by a 
quantity equal to what it at present yields. If we apply 
this supposition to the whole earth, we shall assume an 
increase much greater than any possible exertions of man- 
kind could effect. On the whole, then, in the present aver- 
age state of the earth, the means of subsistence could not 
be made to increase faster than in an arithmetical ratio, 
With such a disproportion between the ratio of increase of 
population and of the means of subsistence, population 
can be kept down to the level of the means of subsistence 
ouly by the strong law of necessity operating as a check on 
the greater power. In fact, the ultimate check to popula- 
tion is the want of food; but this ultimate check is 
never the immediate check, except in cases of actual fam- 
ine. The immediate check consists of all those customs 
and all those diseases which are generated by a scarcity of 
food, and all the causes independent of the scarcity which 
tend to weaken and destroy the human frame, These checks 
are either preventive or positive; and the former consist 
either of moral restraint or of vice, always so pernicious 
to society. The positive checks are extremely various, 
including everything that contributes to shorten the 
natural duration of human life. “ Under this head may 
be enumerated all unwholesome occupations, severe labor 
and exposure to the seasons, extreme poverty, bad nurs- 
ing of children, large towns, excesses of all kinds, the 
whole train of common diseases and epidemics, wars, 
plague, and famine.” The checks of all kinds may be 
reduced to three heads—moral restraint, vice and misery. 
This theoretical exposition of the checks to population 
Malthus supports and illustrates by an exhaustive exami- 
nation of the checks which have operated or still operate 
in the various countries and states of society from the bru- 
tal and revolting practices prevalent among the savages of 
Tierra del Fuego and Australia to the moral self-control 
of the highest nations. It is not a pleasant picture, but it 
is merely a presentation of historical and statistical facts 
for which Malthus is in no way responsible. Throughout 
his entire exposition he does not theorize, but seeks only to 
systematize and elucidate facts which cannot be controvert- 
ed, belonging as they do to the history of the world, Th@ 
only notable exception is his attempt to express in mathe- 
matical language the possible increase of the means of sub- 
sistence. ‘The conditions determining such increase are 
too yague and various to be calculated insuch a way. On 
this point Malthus is not followed by subsequent economists, 
and it is not essential to his principle At the same time, 
in spite of its unsoundness, it docs help us to realize the 
disproportion between the possible increase of population 
and the means of subsistence, 


Il. What remains to be said of the Mssay on the Prin- | 
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ciple of Population may be embraced in the following notes. 
(1) Origin of the principle. The population question has 
always had a great influence on the development of man- 
kind. In the most barbarous nations the problem of pre- 
serving the balance between food and population must 
always have been a pressing one, and has led to some of 
their cruelest and most immoral customs. The more theo- 
retic consideration of the question has a large place in the 
political treatises of Plato and Aristotle. Just before Mal- 
thus’s time it had been touched by such writers as Ben- 
jamin Franklin (Observations concerning the Increase of Man- 
kind), Hume (Populousness of the Ancient Nations), Wallace 
(On the Numbers of Mankind in Ancient and Modern Times), 
Townshend (Travels in Spain), not to mention many other 
modern writers of lessrecent date. (2) The remedy for 
over-population usually proposed is emigration. No doubt 
there are immense fertile areas yet unpeopled. But the 
difficulty of transferring the surplus population, and 
especially of conveying surplus capital to these regions, and 
of co-ordinating the two, is a point that must not be over- 
looked. In spite of the great development of steam asa 
means of emigration, it remains a fact that population 
tends to excess in many of the most important centres of the 


world. Besides, emigration is only a postponing of the 
difficulty. In another century even the Mississippi valley 


will be well stocked. (3) Relation of Malthus to Darwin. 
In his book Animals and Plants wider Domestication, vol. i. p. 
10, Darwin expressly acknowledges his indebtedness to Mal- 
thus in thinking out his cardinal principle of natural selec- 
tion. After the study of domestic productions had given him 
a just idea of the power of selection, he saw, “on reading 
Malthus On Population, that natural selection was the 
inevitable result of the rapid increase of all organic be- 
ings.” (4) Poor-law reform. The reformed poor law of 
1834 was a real triumph of Malthus’s teaching. ‘The effect 
of the old poor law was to encourage population by reliey- 
ing the laboring classes of the due responsibility of sup- 
porting themselves and their families. By discouraging 
foresight, self-control, and the spirit of self-reliant inde- 
pendence, it demoralized the working man. The great aim 
of the new poor law was to emphasize the duty of self-sup- 
port and the responsibilities of parentage. (5) Relation to 
modern polities. Some of the greatest difficulties in con- 
temporary politics can be correctly understood only in the 
light of the principle of population. The most striking 
example of this is India, where, under the good govern- 
ment of England, the old and unhappy checks to popula- 
tion, such as war, famine, pestilence, and religious self-im- 
molation, have been removed. As there has been no pro- 
portionate improvement in agriculture, and in the ethical 
development of the people, population has increased beyond 
the means of subsistence, and there prevails a tendency to 
chronic poverty, a very low standard of living, a general 
misery, and an unsatisfactory social morale, which cor- 
respond badly with the high European civilization under 
which such a state of things is maintained. (6) It is only 
due to the memory of a good man, who was a sincere lover of 
truth and of the progress of humanity, that we should em- 
phasize the fact that Malthus isin no way responsible for 
the immoral theories popularly connected with his name. 
Apart from such increase in the means of subsistence as 
may be attained by emigration and improved agriculture, 
Malthus approved of only one method of solving the popu- 
lation question, namely, moral self-restraint. His single 
precept is “ Do not marry until you have a fair prospect of 
supporting a family.” The greatest and highest moral 
result of his principle is that it clearly and emphatically 
teaches the responsibility of parentage, and declares the 
sin of those who bring human beings into the world for 
whose physical, intellectual, and moral wellbeing no satis- 
factory provision is made. 

Besides his great work, Malthus wrote Observations on the Effect 
of the Corn Laws; An Inquiry into the Nature and Progress of Rent; 
Principles of Political Economy ; and Definitions in Political Economy. 
His views on rent were of real importance, For his life see Memow 
by his friend Dr. Otter, bishop oF Chichester (prefixed to 2d edi- 
tion, 1836, of the Principles of Political Economy). (1. K.) 

MALTON, a parliamentary borough of Yorkshire, 
England, which includes Old Malton and New Malton 
in the North Riding, and the parish of Norton in the 
East Riding. New Malton is situated on an eminence 
on the right bank of the Derwent, 22 miles northeast 
of York and 213 north of London, Old Malton lies 
about a mile to the northeast, and a bridge across the 
river connects New Malton with Norton. New Malton, 
which is a market-town, consists of several well-built 
streets radiating from the market-place. The church 
of St. Michael is a fine building in the Late Norman 
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style; the church of St. Leonard, of mixed architec- 
ture, with square tower and spire, has three Norman 
arches and a Norman font; the west doorway of the 
church of St. Mary at Old Malton is one of the finest 
specimens of Norman in England. In Old Malton 
there is a grammar school founded in 1547, and also 
the remains of a priory of Gilbertine canons, founded 
in 1150. New Malton possesses a town-hall and a corn 
exchange. ‘The town has some shipping trade, and 


also iron and brass foundries, agricultural implement | 


works, corn mills, tanneries, and breweries. In the 
neighborhood there are lime and whinstone quarries. 
The population of the parliamentary borough (area 
6855 acres) in 1871 was 8168, and in 1881 it was 8750. 

Malton was a Roman station, and various Roman remains 
have been found in the neighborhood. The old castle, built 
by the De Vescis in the time of the Normans, was demol- 
ished by Henry II. In the reign of Stephen the town, 
while occupied by the Scots, was burned down by Thurston, 
archbishop of York, and on being rebuilt it was named 
New Malton. The borough sent members to parliament 
as early as the reign of Edward I., but for some years pre- 
vious to 1640 the privilege was in abeyance. Since 1868 
only one member has been returned. 

MALTZAN, Herneicn K. E. H. Fremerr [Ba- 
RON] VON (1826-1874), African and Oriental traveller, 
was born in the vicinity of Dresden, and studied law at 
Jena, but on account of ill-health spent much of his 
time from 1850 in travel. Succeeding to his father’s 
property in 1852, he extended the range of his journeys 
to Morocco and other parts of the Maghrib, and before 
his return home in 1854 had also visited Hgypt, Pales- 
tine, and other countries of the Levant. In 1856-57 
he was again in Algeria; in 1858 he reached the city 
of Morocco; and in 1860 he succeeded in performing 
the pilgrimage to Mecca, which he afterwards described 
in his book Meine Wallfahrt nach Mecca, but had to 
flee for his life to Jeddah without visiting Medina. He 
then visited Aden and Bombay, and after some two 
years of study in Kurope again began to wander through 
the coasts and islands of the Mediterranean, repeatedly 
visiting Algeria. His first book of travel, Three Years 
in the Northwest of Africa, appeared in 1863, and was 
followed by a variety of works and essays, popular and 
scientific, till a little before his death at Pisa in 1874, 
when he put an end with his own hand to neuralgic 
pains which had tortured him for years. 

Maltzan’s last book, Reise in Arabien (1873), is one of his 
most useful contributions. It contains, like his other works, 
some lively description, but is chiefly valuable as a digest 
of much information about little-known parts of South 
Arabia collected from natives during a residence at Aden 
in 1870-71. Among his other services to science must be 
noticed his collection of Punic inscriptions (Reise in Tunis 
und Tripolis, 3 vols., Leipsic, 1870), various collections on 
Arabic dialects (Z. D. M. G., various dates),and the editing 
of Von Wrede’s remarkable journey in Hadramaut (1873). 


MALUS, Hrrenne Louts (1775-1812), the discoy- 
erer of the laws of the polarization of light by reflec- 
tion, born at Paris on the 23d of June, 1775, was the 
son of Anne Louis Malus du Mitry, and of Louisa 
Charlotte Desboves, his wife. His father, who had a 
place in the treasury of France, gave him at home an 
excellent education in mathematics and in the fine arts, 
as well as in classical literature, and he then studied 
with distinction in the school of military engineers ; 
but, being regarded as a suspected person, probably on 
account of the situation held by his father, he was 
dismissed from the school without receiving a com- 
mission, and obliged to enter the army as a private 
soldier. Being employed upon the fortifications. of 
Dunkirk, he was soon distinguished by M. Lepére, the 
director of the works, as superior to his accidental siti1- 
ation, and was selected as a member of the Hcole Poly- 
technique then to be established under Monge, wh 
immediately chose him as one of the twenty who were 


to be instructors of the rest. In this institution, which | 


at that moment was the only refuge of the sciences in 
France, he passed three years, giving special attention 
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to the mathematical theory of optics. From the Ecole 
he was admitted into the corps of engineers, and served 
in the army of the Sambre and Meuse; he was present 
at the passage of the Rhine in 1797, and at the affairs 
of Ukratz and Altenkirch. In Germany he fell in love 
with the daughter of Koch, the chaneellor of the uni- 
versity of Giessen; and he was on the point of marry- 
ing her when he was obliged to join the Heyptian ex- 
pedition. He remained in the Kast, and saw much 
service till the capitulation with the English, when he 
returned to France (October, 1801), and hastened to 
Germany to fulfil his engagement. His fidelity was 
rewarded, during the eleven years that he survived, by 
the most constant and affectionate attention on the part 
of his wife. 

Though his health was much broken by the eastern 
campaign, Malus was still able to combine the pursuit 
of his favorite sciences with his official duties in super- 
intending the construction of works at Antwerp and 
at Strasburg; and upon occasion of a prize question 
proposed by the Institute he undertook the inyestiga- 
tion of the extraordinary refraction of Iceland erystal, 
which the experiments of Dr. Wollaston had previously 
shown to agree very accurately with the laws laid down 
by Huygens; and, besides completely confirming all 
Wollaston’s results, he had the good fortune greatly to 
extend the Huygenian discovery of the peculiar modi- 
fication of light produced by the action of such crystals, 
which Newton had distinguished by the name ‘‘ po- 
larity,’’ and which Malus now found to be produced in 
a variety of circumstances, independently of the action 
of crystallized bodies. It seems natural to suppose 
that the investigation of the laws of the internal re- 
flection of light at the second surface of the erystals 
must have led him to the discovery of the effects of 
oblique reflection in other circumstances; but, accord- 
ing to Biot, Malus’s first observation of polarization by 
reflection was due to the accident that he chanced to 
look through a quartz crystal at the image of the sun 
reflected from the windows of the Luxembourg. The 
value of his discovery was acknowledged by his election 
as a member of the Institute, by the award of the 
Rumford medal of the Royal Society of London, and 
by military promotion. Malus died on the 24th of 
February, 1812, universally regretted by the lovers of 
science in all countries, and deeply lamented by his 
colleagues, who said of him, as Newton did of Cotes, 
that if his life had been prolonged we should at last 
‘*have known something’’ of the laws of nature. 


Malus’s first publication appears to have been a paper 
“Onan unknown Branch of the Nile,” in the first volume 
of the Décade Eqyptienne. A mathematical “Traité d’Op- 
tique,” presented to the Institute before the completion of 
his experiments on double refraction, was published in the 
Mémoires pr. @ UV Institut, vol. ii., Paris, 1810. His more im- 
portant discoveries were first made known in the second 
volume of the Mémoires d’Arcueil, Paris, 1809, 8vo; and 
again, in the “Theory of Double Refraction,” Mém. pr. @ 
V Inst., vol. ii. a paper which obtained a prize on the 2d of 
January, 1810. See Delambre, M. Inst., 1816, p. xxvil.; 
Biot, in Biographie Universelle, xxvi., Paris 1820. 


MALVASTA (from the Greek Monembasia, t.e., the 
city of the single approach or entrance; the Italian 
Napoli di Malvasia, the Turkish Mengeshe or Beneshe), 
one of the principal fortresses and commercial centres 
of the Levant during the Middle Ages, still repre- 
sented by a considerable mass of ruins and a town of 
about 1000 inhabitants, stood on the east-coast of the 
pplores, contiguous to the site of the ancient Hpidaurus 

“imera, of which it took the place. So extensive was 
its trade in wine that the name of the place became 
familiar throughout Europe as the distinctive appella- 
tion of a special kind—the Italian Malvasia, Spanish 
Malvagia, French Mulvoisie, English Malvesie or 
Malmsey. The wine was not of local growth, but came 
for the most part from Tenos and others of the Oy- 
clades. 

As a fortress Malvasia played an important part in the 
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struggles between Byzantium, Venice, and Turkey. The 
Byzantine emperors considered it one of their most valuable 
posts in the Morea, and rewarded its inhabitants for their 
fidelity by unusual privileges. Phrantzes (lib. iv. cap. 
xvi.) tells how Mauricius Tiberius made the city (previ- 
ously dependent in ecclesiastical matters on Corinth) a me- 
tropolis or archbishop’s see, and how Alexius Comnenus, 
and more especially Andronicus Paleologus, gave the Mo- 
nembasiotes freedom from all sorts of exactions throughout 
the empire. In 1147 Malvasia bade defiance to the Nor- 
mans, and in 1205 obliged Villehardouin, after a four years’ 
siege, to swear to preserve its liberties and privileges (Fall- 
merayer, i. pp. 408-409). It was defended against the 
Turks by Manuel Paleologus in 1460. In 1689 it was the 
only town of the Morea which held out against Morosini, 
_ and Cornaro his successor only succeeded in reducing it by 
famine. In 1715 it capitulated to the Turks, and on the 
failure of the insurrection of 1770 the leading families were 
scattered abroad. As the first fortress which fell into the 
hands of the Greeks in 1821, it became in the following 
year the seat of the first national assembly. 


See Curtius, Peloponnesos, ii. pp. 293 and 328; Castellan, Lettres 
sur la Morée (1808) for a plan; and Valiero, Hist. della guerra di 
Candia (Venice, 1679) for details as to the fortress. 


MALVERN, Great, a watering-place of Worces- 
tershire, Hneland, beautifully situated on the eastern 
slope of the Malvern hills, 8 miles southwest by south 
of Worcester, and 120 northwest by west of London. 
The town is irregularly built, but there are many villas, 
and on account of its fine situation in the centre of the 
Chase of Malvern, its pure air, and its chalybeate and 
bituminous springs, it is much frequented by summer 
visitors. At Malvern a hermitage was endowed by 
Edward the Confessor, which after the Conquest was 
changed into a Benedictine priory. Of the buildings, 
which date from 1083, there still remain the abbey 
gate, and also the church (partly rebuilt in the reign 
of Henry VII., and restored since 1861), a very fine 
structure, Norman and Perpendicular, with square 
embattled tower. There is a proprietary college, 
founded in 1863. At Little Malvern, about three 
miles south of Great Malvern, there wasa Benedictine 
priory, founded in 1171, upon the site of which the 
dwelling-house of Malvern Court has been erected, 
preserving the tower and chancel of the old priory 
church. At Malvern Wells, 2 miles south of Malvern, 
is the celebrated ‘‘ Holy Well,” the water of which is 
of perfect purity. The population of Malvern in 1871 
was 5693, and in 1881 it was 5847. 

MALWA, an historical province of Central India, 
roughly coextensive with he western portion of the 
Central India agency, is bounded on the N. by Hin- 
dustan Proper, on the EK. by Bundelkhand, on the 8. 
by the Deccan, and on the W. by Rajputana. It con- 
sists of an upland region, with many fertile valleys, 
included within the main rivers of the Ganges, the 
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S6n, the Chambal, and the Nerbudda. In prehistoric 
times the capital was the ancient city of Ujain 
(Oojein), associated in Hindu legend with the great 
king Vikramaditya, the date of whose accession (57 
B.C.) has given the ‘“‘Samyat’’ era to all India. The 
Mohammedan chronicler Ferishta describes Malwé as 
the kingdom of an independent raja, when Mahmud 
of Ghazni invaded India in the beginning of the 11th 
century. It appears to have first fallen into the hands 
of the Moslems about 1309, during the reign of the 
Delhi emperor Alé-ud-din. When the Tughlak 
dynasty was weakened by the repeated attacks of the 
Mughals, their viceroy in Maélw& succeeded in estab- 
lishing his independence. The first Moslem king of 
Malwa was Dilawar Khan Ghori, of Afghan origin, 
who ruled from 1387 to 1405, and placed his capital at 
Mandu. He was succeeded by his son Hoshang Ghori, 
to whom are attributed most of the magnificent ruins 
still to be seen at Mandu. In 1526 the Ghori dynasty 
came to an end, being overthrown by Bahddur Shah 
of Guzerat; and in 1517 Malwa was, on the conquest 
of Guzerat by the emperor Akbar, incorporated in 
the Mughal dominions. On the decay of the Delhi 
empire in the 18th century, Malwa was one of the first 
provinces to be overrun by the Mahrattas. In 1737 the 
peshwa exacted chauth or one-fourth of the revenue, 
and at a later date the two great military chiefs Sind- 
hia and Holkar carved out for themselves kingdoms, 
which their descendants still retain. But the Mahrat- 
tas set up no organized government, so that Malwa, 
besides its native population of predatory Bhils, be- 
came the refuge of all the mercenary bandits of the 
peninsula. In the beginning of the present century, 
the depredations of these bandits or Pinddrfs led to 
what is sometimes known as the fourth Mahratta war 
of 1817 under the governor-generalship of Lord Hast- 
As the result, the Pindaris were extirpated ; 
and under the rule of Sir John Malcolm the Bhils 
were tamed, and the jungles were cleared of wild beasts. 
Many of the Bhils have been enlisted as British sol- 
diers; and the headquarters of the Malwé Bhil corps 
is at Sardarpur. At the present day MAélwa is best 
known as giving its name to the opium which is an- 
nually exported from Bombay to the amount of about 
37,000 chests. 

MAMELUKE, a corruption of the Arabic Mamlaik 
(Memlook), a slave. The name of Mamelukes has 
passed into history from the body-guard of Turkish 
slaves first formed in Keypt under the successors of 
Saladin, who ultimately usurped the supreme power. 
For the history of the Mameluke sultans and Mame- 
luke beys, see Ea@yprt, yol. vii. p. 655 sq. 


MAMMALIA. 


AMMALIA (French, Mammuferes; German, 
Sdugethiere) is the name invented by Linnzeus 

(from the Latin, mamma), and now commonly used 
by zoologists, for one of the classes of vertebrated ani- 
mals, which, though the best known and undoubtedly 
the most important group of the animal kingdom, has 
never received any generally accepted vernacular de- 
signation in our language. The unity of structure of 
the animals composing this class, and their definite 
demarcation from other vertebrates, were not recog- 
nized until comparatively modern times, and hence no 
word was thought of to designate what zoologists now 
term amammal. The nearest equivalents in common 
use are ‘‘beast’’ and ‘‘quadruped,”’ both of which, 
however, cover a different ground, as they are often 
used to include the larger four-footed reptiles, and to 
exclude certain undoubted mammals, as Man, Bats, 


and Whales. 


The limits of the class as now understoad by zoolo- 
rists are perfectly well defined, and, although certain 
rs still existing on the earth (though not those 
mentioned above as excluded by the popular idea) are 
of exceedingly aberrant structure, exhibiting several 
well-marked characters which connect them with the 
lower vertebrated groups, common consent retains them 
in the class with which the great proportion of their 
characters ally them, and hitherto no traces of any 
species showing still more divergent or transitional 
characters have been discovered. There is thus a great 
interval, not bridged over by any known forms, recent 
or extinct, between mammals and other vertebrates. 

In the gradual order of evolution of living beings, 
mammals taken altogether are certainly the highest in 
organization, ‘as they were probably the last to appear 
on the earth’s surface, though this must be said with 
some reservation, pending further knowledge of the 
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early history of the class of birds.» 
of all other large and greatly differentiated groups, this 
expression must not be understood in too limited a 
sense. The tendency to gradual perfection for their 
particular station in life, which all groups manifest, 
leads to various lines of specialization, or divergence 
from the common or general type, which may or may 
not take the direction of elevation. A too complex 
and sensitive condition of organization may in 
some circumstances in life be disadvantageous, and 
modification may then take place in a retrograde di- 
rection. In mammals, as in other classes, there are 
low forms as well as high forms, but by any tests that 
can be applied, especially those based on the state of 
development of the central nervous system, it will be 
seen that the average exceeds the average of any other 
class, that many species of this class far excel those of 
any other in perfection of structure, and that it con- 
tains one form which is unquestionably the culminating 
point yet arrived at amongst organized beings. 

With regard to the time of the first appearance of 
mammals upon the earth, the geological record is pro- 
vokingly imperfect. At the commencement of the 
Tertiary period they were abundant, and already modi- 
fied into most of the leading types at present existing. 
It was at one time thought that they first came into 
being at this date, but the discovery of fragments of 
numerous small species has revealed the existence of 
some forms of the class at various periods throughout 
almost the whole of the age of the deposition of the 
Secondary rocks. This subject will be reverted to 
later on. 

It hardly need be said that mammals are vertebrated 
animals, and possess all the characteristics common to 
the members of that division of the animal kingdom. 
They are separated from the Jchthyopsida (fishes and 
anphibia) and agree with the Sawropsida (reptiles and 
birds) in the possession during their development of 
an amnion and allantois, and in never having external 
branchie or gills. They differ from reptiles and re- 
semble birds in being warm-blooded, and having a 
heart with four cavities, and a complete double cireu- 
lation. They differ from both birds and reptiles in the 
red corpuscles of the blood being nucleated and, with 
very few exceptions, circular in outline; in the ‘lungs 
being freely suspended in a thoracic cavity, separated 
from the abdomen by a complete muscular partition, 
the diaphragm, which is the principal agent in infla- 
ting the lungs in respiration; in having but one aortic 
arch, which curves over the left bronchus ; in the skin 
being more or less clothed with hair, and never with 
feathers ; in the greater perfection of the commissural 
system of the cerebral hemispheres, which has either 
a complete corpus callosum, or an incomplete one asso- 
ciated with a very large anterior commissure ; in having 
no syrinx or inferior vocal organ, but a complete larynx 
at the upper end of the trachea; in having a mandible 
of which each ramus (except 1 in very early develop- 
mental conditions) consists of a single bone on each 
side, articulating to the squamosal, without the inter- 
vention of & quadrate bone ; in having a pair of laterally 
placed occipital condyles instead of one median one; 
and in the very obvious character of the female being 
provided with ae wy glands, by the secretion of 
which the young (produced alive and not by means of 
externally hatched eges) are nourished for some time 
after birth. 

In common with all vertebrated animals, mammals 
have never more than two pairs of limbs. In the 
great majority of the class both are well-developed and 
functional, and adapted for terrestrial progression, as 
the larger nwmber of mamials live ordinarily on the 
surface of the earth. They are, howey er, by no means 
limited to this situation. Some species spend the 
ereater part of their lives beneath the surface, their 
fore limbs being specially moditied for burrowing ; others 
are habitually arboreal, their limbs being fitted for 
climbing or hanging to boughs of trees; some are as 
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[TEGUMENTARY STRUCTURES. 


aerial as birds, the fore limbs being developed into 
wings of a special character; others are as aquatic as 
fishes, the limbs assuming the form of fins or paddles. 
In many of the latter the hinder extremities are either 
completely suppressed, or present only in a rudimentary 
state. In no known mammal are the fore limbs absent. 

The hinder extremity of the axis of the body is 
usually prolonged into a tail, which may be a mere 
pendent appendage, or modified to perform various 


‘functions, as grasping boughs in climbing, or even 


gathering food, in the case of the prehensile- tailed 
Monkeys and Opossums, swimming in the Cetacea, 
and acting as a flap to drive away troublesome insects 
from the skin in the Ungulata. 


GENERAL ANATOMICAL CHARACTERS OF THE 
MAMMALIA. 


TEGUMENTARY STRUCTURES. 


The external surface of the greater number of mem- 
bers of the class is thickly clothed with a pecu- 
liarly modified form of epidermis, commonly ealled 
hair. This consists of hard, elongated, slender, eylin- 
drical or tapering, filiform, unbranched masses of epi- 
dermic material, growing from ashort papillasunk at the 
bottom ofa follicle in the derm or true skin. Such hairs 
upon different parts of the same animal, or upon dif- 
ferent animals, assume various forms, and are of vari- 
ous sizes and degrees of rigidity,—as seen in the deli- 
cate soft velvety fur of the Mole, the stiff bristles of 
the Pig, and the spines of the Hedgehog and Porcu- 
pine, all modifications of the same structures. These 
differences arise mainly from the different arrangement 
of the constituent elements into which the epithelial 
cells are modified. Hach hair is composed usually of 
a cellular pithy internal portion, containing much air, 
and a denser or more horny cortical part. In some ani- 
mals, as Deer, the substance of the hair is almost en- 
tirely composed of the medullary or cellular substance, 
and it is consequently very easily broken ; in others the 
horny part prevails almost exclusively, asin the bristles 
of the Wild Boar. In the Three-toed Sloth (Brady- 
pus) the hairs have a central horny axis and a pithy 
exterior. Though generally nearly smooth, or but 
slightly scaly, the surfiace of some hairs is strongly i im- 
bricated, notably so in some Bats, while in the Two- 
toed Sloth (Cholepus) they are longitudinally grooved 
or fluted. Though usually more or less cylindrical or 
circular in section, they are often elliptical or flattened, 
as in the curly-haired races of men, the terminal portion 
of the hair of Moles and Shrews, and conspicuously in 
the spines of the Rodents Xerus and Platacanthonys. 
Hair having a property of mutual cohesion or “‘ felt- 
ing,’’ which depends, upon a roughened scaly surface 
and a tendency to curl, as in domesti¢ Sheep (in which 
animals this property has been especially cultivated by 
selective breeding), is called ‘‘ wool.” 

Ina large number of mammals hairs of one kind only 
are scattered pretty evenly over the surface, but in 
many there are two kinds, one longer, stiffer, and alone 
appearing on the surface, and the other shorter, finer, 
and softer, constituting the under fur, analogous to the 
down of birds. In most cases hairs of a different char- 
acter from those of the general surface grow in special 
regions, forming ridges or tufts on the median dorsal 
or ventral surface or elsewhere. The tail is very often 
completed in this way by variously disposed elongated 
hairs. The margins of the eyelids are almost always 
furnished with a special row of stiffish hairs, called 
cilic or eyelashes, and in most mammals specially modi- 
fied hairs, constituting the vzbrissce or whiskers, en- 
dowed, through the abundant nerve supply of their 
basal papillae, with special tactile powers, grow from 
the lips and cheeks. In some mammals the hairy coy- 
ering is partial and limited to particular regions; in 
others, as the Hippopotamus ane. the Sirenia, though 
scattered over the whole surface, it is extremely 
short and scanty ; but in none is it reduced to so great 
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an extent a8 in the Cefacea, in which it is limited to a 
few sinall bristles confined to the neighborhood of the 
lips and nostrils, and often only present in the young 
or even foetal condition. 

Some kinds of hairs, as those of the mane and tail 
of the Horse, appear to persist throughout the life- 
time of the animal ; but more generally, as in the case 
of the body hair of the same animal, they are shed 
and renewed periodically, generally annually. Many 
mammals have a longer hairy coat in winter, which is 
shed as summer comes on ; and some few, which inhabit 
countries covered in winter with snow, as the Arctic 
Fox, Variable Hare, and Ermine, undergo a complete 
change of color in the two seasons, being white in win- 
ter, and gray or browninsummer. ‘The several species 
of Cape Mole ( Chrysochloris), the Desmans or Water 
Moles (Myogale), and Potamogale velox ave remark- 
able as being the only mammals whose hair reflects 
those iridescent tints so common in the feathers of 
tropical birds. 

The principal and most obvious purpose of the hairy 


covering is to protect the skin against external influ- | 


ences, especially cold and damp. Its function in the 
hairless Cetaceu is supplied by the specially modified 
and thickened layer of adipose tissue beneath the skin 
called ‘‘ blubber.’’ 

True scales, or flat imbricated plates of horny ma- 
terial, covering the greater part of the body, 
so frequently occurring in reptiles, are 
found in one family only of mammals, the Manidce or 
Pangolins; but these are also associated with hairs 
erowing from the intervals between the scales or on 
the parts of the skin not covered by them. Similarly 
imbricated epidermic productions form the covering of 
the under surface of the tail of the flying Rodents of 
the genus Anomalurus ; and flat scutes, with the edges 
in apposition, and not overlaid, clothe both surfaces of 
the tail of the Beaver, Rats, and others of the same 
order, and also of some Insectivores and Marsupials. 
The Armadillos alone have an ossified exoskeleton, 
composed of plates of true bony tissue, developed in 
the derm or corium, and covered with scutes of horny 
epidermis. Other epidermic appendages are the horns 
of Ruminants and Rhinoceroses,—the former being 
elongated, tapering, hollow caps of hardened epider- 
mis of fibrillated structure, fitting on and growing from 
conical projections of the frontal bone, and always ar- 
ranged in pairs, while the latter are of similar structure, 
but without any internal bony support, and situated in 
the median line. Callosities, or bare patches covered 
with hardened and thickened epidermis, are found over 
the ischial tuberosities of many apes, the sternum of 
camels, on the inner side of the limbs of the Hguide, 
the grasping under surface of the tail of prehensile- 
tailed monkeys, ete. he greater part of the skin of 
both species of one-horned Asiatic Rhinoceros is im- 
mensely thickened and stiffened by increase of the tis- 
sue both of the derm and epiderm, constituting the 
well-known jointed) ‘‘ armor-plated ’’ hide of those ani- 
mals. 

With very few exceptions, the terminal extremities 

of the digits of both limbs are more or less 


Scales, ete. 


ead protected or armed by epidermic plates or 
hoofs. sheaths, constituting the various forms of 


nails, claws, or hoofs. These are wanting 

in the Cetacea alone. A perforated spur, with a 

special secreting gland in connection with it, is found 

attached to the hind leg of the males of the two species 
of Monotremata, the Ornithorhynchus and Echidna. 

Besides the universally distributed sebaceous glands 

connected with the pilose system, most 


eis mammals have special glands situated in 
glands. modified portions of the integument, often 


inyoluted to form a shallow recess or a 
deep sac with a narrow opening, situated in various 


parts of the surface of the body, and which secrete. 


odorous substances, by the aid of which individuals ap- 
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afford the principal means by which wild animals are 
able to become aware of the presence of other mem- 
bers of the species, even at great distances. Although 
the commencement of the modifications of portions of 
the external covering for the formation of special se- 
cretions may be at present difficult to understand, the 
principle of natural selection will readily explain how 
such organs can become fixed and gradually increase in 
development in any species, especially as there would 
probably be a corresponding modification and increased 
sensibility of the olfactory organs. Such individuals 
as by the intensity and peculiarity of their scent had 
greater power of attracting the opposite sex would cer- 
tainly be those most likely to leave descendants to in- 
herit and in their turn propagate the modification. 

To this group of structures belong the suborbital 
gland or ‘‘crumen’’ of Antelopes and Deer, the fron- 
tal gland of the Muntjak and of Bats of the genus 
Phyllorhina, the submental gland of the Chevrotains 
and of 7iphozous and some other Bats, the post-audi- 
tory follicle of the Chamois, the temporal gland of the 
Elephant, the lateral glands of the Musk-Shrew, the 
lumbar gland of the Peccary, the inguinal glands of 
Antelopes, the preputial glands of the Musk-Deer and 
Beaver (both so well known for the use made of their 
powerfully odorous secretion in medicine and perfu- 
mery) and also of the Swine and Hare, the anal glands 
of Carnivora, the perineal gland of the Civet (also of 
commercial value), the caudal glands of the Fox and 
Goat, the gland on the humeral membrane of Bats of 
the genus Saccopteryx, the post-digital gland of the 
Rhinoceros, the inter-digital glands of the Sheep and 
many Ruminants, and numerous others. In some of 
these cases the glands are peculiar to, or more largely 
developed in, the male ; in others they are found equally 
developed in both sexes. 


DENTAL SYSTEM. 


The dental system of mammals may be considered 
rather more in detail than space permits for some 
other portions of their structure, both on account of 
the important part it plays in the economy of the 
animals of this class, and of its interest to zoologists 
as an aid in classification and identification of species. 
Owing to the imperishable nature of their tissues, 
teeth are preserved for an indefinite time, and in the 
case of extinct species often offer the only indications 
available from which to derive an idea of the charac- 
ters, affinities, and habits of the animal to which they 
have belonged. Hence even their smallest modifica- 
tions have received great attention from comparative 
anatomists, and they have formed the subject of 
many special monographs.! 

Teeth are presentin nearly all mammals, and are ap- 
plied to various purposes. They are, however, mainly 
subservient to the function of alimentation, being used 
either in procuring food by seizing and killing living 
prey or gathering and biting off portions of vegetable 
material, and more indirectly in tearing or cutting 
through the hard protective coverings of, food sub- 
stances, as the husks and shells of nuts, or in pound- 
ing, crushing, or otherwise mechanically dividing the 
solid materials before swallowing, so as to prepare 
them for digestion in the stomach. Certain teeth are 
also in many animals most efficient weapons of offence 
and defence, and for this purpose alone, quite irrespec- 
tive of subserviency to the digestive process, are they 
developed in the male sex of many herbivorous ani- 
mals, in the females of which they are absent or rudi- 
mentary. 

Teeth belong essentially to the tegumentary or 
dermal system of organs, and, as we!l seen in the 


11, F. E. Rousseau, Anatomie comparée du Systeme Dentaire chez 
? Homme et chez les principaux Animaux, 2d ed, 1839; F. Cuvier 
Des Dents des Mammiferes considérées comme caractéres zoologiques, 
1822-95; R. Owen, Odontography, 1840-45; C. G. Giebel, Odunto- 
graphie, 1855; C. 8. Tomes, Manual of Dental Anatomy, Human and 


pear to recognize one another, and which probably | Comparative, 2d ed., 1882. 
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lower vertebrates, pass by almost insensible gradations 
into the hardened spines and seutes formed pon the 
integument covering the outer surface of the body, but 
indmammals they are more specialized in structure and 
limited in locality, In this class they are developed 
only in the gums or fibrosmucous membrane covering 
the alveolar borders of the wpper and lower jaw or 
the premaxillary and maxillary bones and the mandi- 
ble. In the process of development, for the purpose 
of giving them that support which is needfal for the 
verformance of their functions, they almost always 
Rare implanted in the bones—the osseous tissie 
growing up and moulding itself around the lenethen- 
ing voot of the tooth, so that ultimately they become 
apparently parts of the skeleton, In no mammal, 
however, does ankylosis or bony union between the 
tooth and jaw normally take place, asin many fishes and 
reptilas;--a vascular layer of connective tissue, the 
alveolo-dental membrane, always intervening.’ The 
presence of two or more roots, frequently met with in 
mammals, implanted into corresponding  distinet 
sockets of the jaw, is peculiar to animals of this class, 

Tho greater number of mammalian teeth when fully 
formed are not simple and homogeneous 


Atruc ; f 
ture of in structure, but are composed of several 
tovth, distinct tissues, 


1, Tho pulp, a soft substance consisting of a very 
delicate gelatinous connective tissue, in 
which numerous cells are imbedded, and 
abundantly supplied with blood-vessels and nerves, 
constitutes the central axis of all the basal part of 
the tooth, and affords the means by which the vitality 
of the whole is preserved, "The nerves which pass 
into the pulp and endow the tooth with sensibility are 
branches of the fifth pair of cranial nerves. The 
pulp occupies a larger relative space, and performs a 
more Important purpose in the young growing tooth 
than alterwards, as by the calcification and conversion 
of its outer layers the principal hard constituent of 
the tooth, the dentine, is formed. In teeth which 
have ceased to grow the pulp oeeupies a compara- 
tively small space, which in the dried tooth is called 
the pulp cavity, ‘This communicates with the exter- 
nal surface of the tooth by a small aperture at the 
apex of the root, through which the branches of 
bled vessels and nerves, by which the tooth receives 
ils nutrition and sensitiveness, pass in to be distributed 
inthe pulp. In growing teeth the pulp cavity is 
widely open below, while in advanced age it often 
becomes obliterated, and the pulp itself’ entirely con- 
verted into bone-like material. 

2 The dentine or deory forms the principal con- 
stitvent of the greater number of teeth, 
When developed in its most charac- 
toristio form, ib is a very hard but elastic sub- 
stance, white, with a‘yellowish tinge, and. slightly 
translucent, Tt consists of an organio matrix, some- 
thing like but not identical with that of bone, richly 
impregnated with calcareous salts (chiefly phosphate 
of lime), these constituting ina fresh human tooth 
72 por cent, of its weight. When subjected to micro- 
scopical oxamination it is seen to be everywhere per 
meated by nearly parallel branching tubes which run, 
ina slightly curving or wavy manner, in a general 
direction from the contre towards the free surface of 
the tooth, These tubes communicate by open mouths 
with the pulp cavity, and terminate usually near the 
periphery of the dentine, by closed ends or loops, 
though in Marsupials and certain other mammals 
thoy penetrate into the enamel. They are oceupied 
in the living tooth by soft gelatinous fibrils connected 
with the cellsof the pulp, — A variety of dentine, per: 
meated by canals containing blood-vessels, met with 
commonly in fishes and in some few mammals, as the 
Mogatherium, is called yaso-dentine. Other modifica: 
tions of this tissue occasionally met with are called 


1'Mhe lower inelsors of some spectos of Shrows are, however, 
sald to become ankylosed to (he Jaw ba adult ape. 
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osteo-dentine and secondary dentine,—the latter being 
a dentine of irregular structure which often fills up 
the pulp cavity of old animals. 

3. The enamel constitutes a thin investing layer, 


complete or partial, of the outer or — yyamel, 
exposed and working surface of the 
dentine of the crown of the teeth of most mam- 


mals. ‘his is the hardest tissue met with in the 
animal body, containing from 95 to 97 per cent, 
of mineral substances (chiefly phosphate and some 
carbonate of lime, with traces of fluoride of caleium),. 
Its ultimate structure consists of prismatic fibres, 
placed generally with their long axes at right angles 
to the free surface of the tooth,  Mnamel is easily 
distinguished from dentine with the naked eye, by its 
clear, bluish-white, translucent appearance, 

4, Nhe cementune or erusta petrosa is always 
the most externally placed of the hard ¢omentum. 
tissues of which teeth are composed, as 
will be understood when the mode of development 
of these organs is considered. It is often only found 
as a thin layer upon the surface of the root, but some= 
times, as in the complex-crowned molar teeth of the 
Horse and Klephant, it is a structure which plays a 
very important part, covering and filling in the inter- 
stices between the folds of the enamel. In appear- 
ance, histological structure, and chemical composition 
it is closely allied to osseous tissue, containing lacunse 
and canaliculi, though only when it is of considerable 
thickness are [laversian canals present in ib. 

Development of the Teeth.—The two principal eon- 
stituents of the teeth, the dentine and the 
enamel, are developed from the two layers 
of the buecal mucous membrane, the den- 
tine from the submucous, the enamel from the epithelial 
layer. The latter dips down into the substance of the 
gum, and forms the enamel organ or germ, the first 
rudiment of the future tooth, which is constantly pres- 
ent even in those animals in which the enamel is not 
found as a constituent of the perfectly-formed tooth. 
Below the mass of epithelial cells thus embedded in 
the substance of the gum, and remaining connected by 
a narrow neck of similar structure with the epithelium 
of the surface, a portion of the vaseular submucous 
areolar tissue becomes gradually separated and defined 
from that which surrounds it, and assumes a distinct 
form, which is that of the crown of the future tooth, 
asingle cone in the case of simple teeth, or with two or 
nore eminences in the complex forms. This is called 
the dental papilla or dentine germ, and by the gradual 
conversion of its tissue into dentine the bulk of the fu- 
ture tooth is formed, the wnealeified central portion 
remaining as the pulp. The conversion of the papilla 
into hard tissue commences at the outer surface of the 
apox, and gradually proceeds downwards and inwards, 
so that the form of the papilla exactly determines the 
form of the future dentine, and no alteration either in 
shape or size of this portion of the tooth, when once cal- 
cified, can take place by addition to its outersurface. In 
the meanwhile calcification of portion of the cells of the 
onamel organ, which adapts itself like a cap round the 
top of the dentinal niin and has assumed a some- 
what complex structure, results in the formation of the 
onanel coating of the erown of the tooth, While these 
changes are taking place the tissues immediately sur- 
rounding the tooth germ become condensed and differ- 
ontiated into a capsule, which appears to grow wp from 
the base of the dental papilla, a incloses both this and 
the enamel germ, constituting the follicle or tooth sae, 
By the ossification of the inner layer of this follicle, the 
cementum is formed, ‘This substance therefore, unlike 
the dentine, inereases from within outwards, and its 
erowth may therefore be the cause of considerable 
modification of form and enlargement, especially of the 
roots, of certain teeth, as those of Seals and some 
Cetacea, he delicate homogeneous layer which coats 
the enamel surface of newly-formed teeth, in which ce- 
mentum is not found in the adult state, and known 
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as Nasmyth’s membrane, is considered by Tomes as 
probably a film of this substance, too thin to exhibit its 


MAMMALIA. 


303 


maintain the vitality of the tooth enter the pulp cavity, 
| very different from the widely open cavity at the base 


characteristic structure, though by others it is believed | of the growing tooth. When the crown of the tooth is 
to be derived from the external layer of the enamel | broad and complex in character, instead of having a 


organ. ‘The homology of the teeth with the dermal 
appendages, hairs, scales, and claws has already been | 
luded to, and it will now be seen that in both cases 
two of the primary embryonic layers are concerned in 
their development, the mesoblast and epiblast, although | 
In the hair or nail 
the part derived from the epiblast forms the principal 
bulk of the organ, the mesoblast only constituting the 
papilla or matrix. In the tooth the epiblastic portion | 
1s limited to the enamel, always of relatively small bulk 
and often absent, while the dentine (the principal con- | 
stituent of the tooth) and the cementum are formed | 
from the mesoblast. | 

When more than one set of teeth occur in mammals, 
those of the second set are developed in a precisely simi- | 
lar manner to the first, but the enamel germ, instead | 
of being derived directly from an independent part of | 
the oral epithelium, is formed from a potty out of 
the neck of the germ of the tooth succeeded. In the 
case of the true molars which have no predecessors, the 
germ of the first has an independent origin, but that 
of the others is derived from the neck of the germ of 
the tooth preceding it in the series. The foundations 
of the permanent teeth are thus laid as it were almost 
simultaneously with those of their predecessors, al- 
though they remain in many cases for years before they 
are deyeloped into functional activity. 

Although the commencement of the formation of 
teeth takes place at an early period of embryonic life, 
they are in nearly all mammals still concealed beneath 
the gum at time of birth. The period of eruption, or 
“cutting ’’ of the teeth as it is Piled. that is, their pierc- 
ing through and rising above the surface of the mucous 
membrane, varies much in different species. In some, 
as Seals, the whole series of teeth appear almost simul- 
taneously; but more often there are considerable inter- 
vals between their appearance, the front teeth usually 
coming into place first, and those at the back of the 
mouth at a later period.! 

General Characters.—The simplest form of tooth 
may be exemplified on a large scale by the 
tusk of the Klephant (fig. 1,1.). It isa hard 
mass almost entirely composed of dentine, 
of a conical shape at first, but during growth becoming 
more and more cylindrical or uniform in width. The 
enamel covering, present on the apex in its earliest con- 
dition, soon disappears, but a thin layer of cementum 
covers the circumference of the tooth throughout life. 
On section it will be seen that the basal portion is 
hollow, and contains a large conical pulp, as broad at 
the base as the tooth itself, and deéply imbedded in the 
bottom of a recess or socket in the upper maxillary bone. 
This pulp continues to grow during the lifetime of the 
animal, and to be converted at its surface into dentine. 
The tooth therefore continually elongates, but the use 
to which the animal subjects it in its natural state 
causes the apex to wear away, at a rate generally pro- 

ortionate to the growth at the base, otherwise it would 

ecome of inconvenient length and weight. Such teeth 
of indefinite growth are said to be ‘‘rootless,’”’ or to 
have ‘‘ persistent pulps.”’ 

One of the corresponding front teeth of man (fig. 1, 
IJ. and LI.) may be taken as an example of a very 
different condition. After its crown is fully formed by 
calcification of the germ, the pulp, though continuing 
to elongate, begins to contract in diameter; a neck or 
slight constriction is formed; and the remainder of the 
pulp is converted into the root (or fang), a tapering 
conical process which is imbedded in the alveolar cavity 
of the bone, and has at its extremity a minute perfora- 
tion, through which the vessels and nerves required to 


Forms of 
teeth. 


' See the conclusion of the article DicEsTIVE ORGANS, vol. vii p. 
208 sq., for a more detailed and illustrated account of the struc- 
ture and development, especially of the human teeth. 
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single root, it may be supported by two or more roots, 
each of which is implanted in a distinct alveolar recess 
or socket, and to the apex of which a branch of the 
common pulp cavity is continued (fig. 1, [V.). Such 
teeth are called ‘* rooted teeth.’’ When they have once 
attained their position in the jaw, with the neck a little 
way above the level of the upper margin of the alveolus, 
and embraced by the gum or tough fibro-vascular mem- 
brane which covers the alveolar border, and having the 
root fully formed, they can never increase in length or 
alter their position. If they appear to do so in old age 
it is only in consequence of absorption and_ retro- 
cession of the surrounding alveolar margins. If, as 
often happens, their surface wears away in mastication, 
it is never renewed. The open cavity at the base of 
the imperfectly developed rooted tooth (fig. 1, IL.) 
causes 1t to resemble the persistent condition of the 


Fic. 1.—Diagrammatic Sections of various forms of Teeth. 1. 
Incisor of Elephant, with pulp cavity persistently open at base. 
Il, Human incisor during development, with root imperfectly 
formed, and pulp eavity widely open at base. III. Completely 
formed human incisor, with te cavity contracted to a smal 
aperture at the end of the root. IV. Human molar, with broad 
crown and two roots. V. Molar of Ox, with enamel covering the 
crown deeply folded and with the depressions filled up with 
cementum, The surface is worn by use; otherwise the enamel 
coating would be continuous at the top of the ridges. In all the 
figures the enamel is black, the pulp white, the dentine repre- 
sented by horizontal lines, and the cementum by dots. 


rootless tooth. The latter is therefore a more primitive 
condition, the formation of the root being a completion 
of the process of tooth development. Functionally it 
is, however, difficult to say that the one is a higher 
form than the other, as they both serve important and 
different purposes in the animal economy. : 
As is almost always the case in nature, intermediate 
conditions between these two forms of teeth are met 
with. Some, as the molarsof the Horse, and of many 
Rodents, are for a time rootless, and have growing 
pulps producing a very long crown with parallel sides, 
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the summit of which may be in use and beginning to 
wear away while the base is still growing, but ulti- 
mately the pulp contracts, formsa neck and distinct 
roots, and ceases to grow. ‘The canine tusks of the 
Musk-Deer and of the Walrus have persistent pulps, 
and are open at their base until the animal is of ad- 
vanced age, when they close, and the pulp ceases to be 
renewed, 

The simplest form of a crown of a tooth is that of a 
cone; but this may be variously modified. It may be 
flattened, with itsedges sharp and cutting, and pointed 
at the apex, as in the laterally compressed premolars 
of most Carnivora, or it may be chisel. or awl-shaped, 
with a straight truncated edge, as in the human incisors ; 
or it may be broad, with a flat or rounded upper sur- 
face. Very often there is a more or less prominent 
ridge encircling the whole or part of the base of the 
crown just above the neck, called the cingulum, which 
serves as a protection to the edge of the gum in masti- 
cating, and is best developed in flesh-eating and in- 
sectivorous animals, in which the gums are liable to 
be injured by splinters of bone or other hard frag- 
ments of their food. The form of the crown is fre- 
qunetly rendered complex by the development upon 
its surface of elevations or tubercles called cusps, 
or by ridges usually transverse, but sometimes vari- 
ously curved or folded. When the crown is broad 
and the ridges greatly developed, as in the molars 
of the Elephant, Horse, and Ox (fig. 1, V.), the 
interspaces between them are filled with cementum, 
which supports them and makes a solid compact mass 
of the whole tooth. When such a tooth wears away at 
the surface by friction against the opposed tooth of the 
other jaw, the different density of the layers of the sub- 
stances of which it is composed—enamel, dentine, and 
cementum—arranged in characteristic patterns, causes 
them to wear unequally, the hard enamel ridges pro- 
jecting beyond the others, thus giving rise to a grind- 
ing surface of great mechanical advantage. 

Succession of Teeth.—The dentition of all mammals 
consists of a definite set of teeth almost al- 
ways of constant and determinate number, 
form, and situation, and, with few excep- 
tions, persisting in a functional condition throughout 
the natural term of the animal’s life. In many species 
these are the only teeth which the animal ever pos- 
sesses,—the set which is first formed being permanent, 
or, if accidentally lost, or decaying in extreme old age, 
not being replaced by others. These animals are called 
Monophyodont. - But, in the larger number of mam- 
mals, certain of the teeth are preceded by others, which 
may be only of a very transient, rudimentary, and 
functionless character (being in the Seals, for example, 
shed either before or within a few days after birth), 
or may be considerably developed, and functionally 
occupy the place of the permanent teeth for a some- 
what lengthened period, during the growth and devel- 
opment of the latter and of the jaws. In all cases 
these teeth disappear (by the absorption of their roots 
and shedding of the crowns) before the frame of the 
animal has acquired complete maturity as evidenced 
by the coalescence of the epiphyses of the osseous sys- 
tem. As these teeth are, asa general rule, present 
during the period in which the animal is nourished by 
the milk of the mother, the name of ‘‘milk teeth”’ 
(French dents de lait, German, Milchzthne) has been 
commonly accorded to them, although it must be un- 
derstood that the epoch of their presence is by no 
means necessarily synchronous with that of lactation. 
Animals which possess such teeth are called Diphyo- 
dont. No mammal is known to have more than two 
sets of teeth; and the definite and orderly replacement 
of certain members of ‘the series is a process of quite a 
different nature from the indefinite succession which 
takes place in all the teeth continuously throughout 
the lifetime of the lower vertebrates. 

When the milk teeth are well developed, and con- 
tinue in place during the greater part of the animal’s 
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growth, as is especially the case with the Ungulata, 
and, though to a less degree, with the Primates and 
Curnivora, their use is obvious, as taken altogether 
they form structurally a complete epitome on a small 
scale of the more numerous and larger permanent set 
(see fig. 3), and, consequently, are able to perform the 
same functions, while time is allowed for the gradual 
maturation of the latter, and especially while the jaws 
of the growing animal are acquiring the size and 
strength sufficient to support the permanent teeth. 
Those animals, therefore, that have a well developed 
and tolerably persistent set of milk teeth may be con- 
sidered to be in a higher state of development, quoad 
dentition, than those that have the milk teeth absent 
or rudimentary. 

It is a very general rule that individual teeth of the 


'milk and permanent set have a close relationship to 


one another, being originally formed, as mentioned 
above, in exceedingly near proximity, and with, at all 
events as far as the enamel germ is concerned, a direct 
connection. Moreover, as the latter ultimately come 
to occupy the position in the alveolar border tempo- 
rarily held by the former, they are spoken of respec- 
tively as the predecessors or successors of each other. 
But it must be understood that milk teeth may be 
present which have no successors in the permanent 
series, and, what is far more general, permanent teeth 
may have no predecessors in the milk series. 

The complete series of permanent teeth of most 
mammals forms a complex machine, with its several 
parts adapted for different functions,—the most ob- 
vious structural modification for this purpose being an 
increased complexity of the individual components of 
the series from the anterior towards the posterior ex- 
tremity of such series. Since, as has just been said, 
the complete series of the milk teeth often presents 
structurally and functionally a similar machine, but 
composed of fewer individual members, and the ante- 
rior of which are as simple, and the posterior as com- 
plex, as those occupying corresponding positions in 
the permanent series,—and since the milk teeth are 
only developed in relation to the anterior or lateral, 
never to the most posterior of the permanent series,— 
it follows that the hinder milk teeth are usually more 
complex than the teeth of which they are the prede- 
cessors in the permanent series, and represent func- 
tionally, not their immediate successors, but those more 
posterior permanent teeth which have no direct prede- 
cessors. This character is clearly seen in those animals 
in which the various members of the molar series are 
well differentiated from each other in form, as the 
Carnivora, and also in Man. 

Tn animals which have two sets of teeth the number 
of the teeth of the permanent series which are pre- 
ceded by milk teeth varies greatly, being sometimes, 
as in Marsupials and some Rodents, as few as one on 
each side of each jaw, and sometimes including the 
larger portion of the series. 

Although there ave difficulties in some cases in arriy- 
ing at a satisfactory solution of the question, it is, on 
the whole, safest to assume that when only one set of 
teeth is present, these correspond to the permanent 
teeth of the Diphyodonts. hen this one set is com- 
pletely developed, and remains in use throughout the 
animal’s life, there can be no question on this subject. 
When, on the other hand, the teeth are rudimentary 
and transient, as in the Whalebone Whales, it is pos- 
sible to consider them as representing the milk, series; 
but there are weighty reasons in fayor of the opposite 
conclusion.* 

General Arrangement, Homologies, and Notation 
of Teeth of Mammals.—The teeth of the two sides 

1 This and other questions concerning the homologies, notation, 


and succession of the teeth of mammals are more fully developed 
in two memoirs by the present writer :—‘ Remarks on the Homol- 


ogies and Notation of the Teeth of the Mammalia,” in the Jour- 
nal of Anatomy and Physiology. vol. iii. p, 262, 1869; and “ Notes on 
| the First or Milk Dentition of the Mammalia,” in the Trans. Odont- 
ological Society of Great Britain, 1871. 
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of the jaws are always alike in number and character, 


Arrange. variation, and in the one remarkable in- 
classifica- stance of constant deviation from bilateral 
peat symmetry among mammals, the tusks of 


the left is of immense size, and the right rudimentary. 
In those animals also, as the Dolphins and some Ar- 
madillos, which have a very large series of similar 
teeth, not always constant in number in different indi- 
viduals, there may be differences in the two sides; 
but, apart from these, in describing the’dentition of 
any mammal, it is quite sufficient to give the number 
and characters of the teeth of one side only. As the 
teeth of the upper and lower jaws work against each 
other in masticating, there is a general correspondence 
or harmony between them, the projections of one 
series. when the mouth is closed, fitting into corres- 
ponding depressions of the other. There is also a 
general resemblance in the number, characters, and 


mode of succession of both series, so that, although | 
individual teeth of the upper and lower jaws may not | 


be in any strict sense of the term homologous parts, 
there is a great convenience in applying the same 
descriptive terms to the one which are used for the 
other. 


The simplest dentition asa whole is that of many spe- | 
cies of Dolphin (fig. 2), in which the crowns are single- | 


pointed, slightly curved cones, and the roots also single 
and tapering, and all alike in form from the anterior 
to the posterior end of the series, though it may be 


with some slight difference in size, those at the two! on 
. 


Fig. 2. Le and Lower Teeth of one side of the Mouth of a 


mie hin ( 
(0) 
the teeth has been removed to show their simple character. 


extremities of the series being rather smaller than the 
others. Such a dentition is called Homodont, and in 
the case cited, as the teeth are never changed, it is 
also Monophyodont. Such teeth are adapted only for 
catching slippery living prey, as fish. 

In a very large number of mammals the teeth of 
different parts of the series are more or less differen- 
tiated in character, and have different functions to 
perform. The front teeth are simple and one-rooted, 
and are adapted for cutting and seizing. They are 

called ‘“‘incisors.’’ The back teeth have broader and 
more complex crowns, tuberculated or ridged, and they 
are supported on two or more roots. They crush or 
erind the food, and are hence called ‘‘ molars.’’? Many 
animals have, between these two sets, a tooth at each 
corner of the mouth, longer and more pointed than the 
others, adapted for tearing or stabbing, or for fixing 
struggling prey. From the conspicuous development 
of such teeth in the Carnivora, especially the Dogs, 
they have received the name of ‘‘canines.’’ A denti- 
tion with its component parts so differently formed 
that these distinctive terms are applicable to them is 
called Heterodont. In most cases, though by no means 
invariably, animals with Heterodont dentition are 
also Diphyodont. 

This general arrangement is extremely obvious in a 
considerable number of mammals; and closer examina- 
tion shows that, under very great modifications in de- 
tail, there is a remarkable uniformity of essential 
characters in the dentition of a large number of mem- 
bers of the class belonging to different orders and not 
otherwise closely allied, so much that it has been pos- 


except in cases of accidental or abnormal | 


the Narwhal (see fig. 49, p. 402), in which | 
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genorhynchus),as an example of the homodont type 
entition. The bone covering the outer side of the roots of 
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sible (chiefly through the researches of Professor Owen) 
to formulate a common plan of dentition from which 
the others have been derived by the alteration of some 
and suppression of other members of the series, and 
occasionally, but very rarely, by addition, The records 
of Palzeontology fully confirm this view, as by tracing 
back many groups now widely separated in dental 
characters we find a gradual approximation to acommon 
type. In this generalized form of mammalian denti- 
tion (which is best exemplified in the genera Anoplo- 
therium and Homalodontotherium) the entire number 
of teeth present is 44, or 11 above and 11 below on 
each side. Those of each jaw are placed in continuous 
series without intervals between them ; and, although 
the anterior teeth are simple and single-rooted, and the 
posterior teeth complex and with several roots, the 
transition between the two kinds is gradual. 

In dividing and grouping such teeth for the purpose 
of description and comparison, more definite charac- 
ters are required than those derived merely from form 
or function. ‘The first step towards a classification 
has been made by the observation that the upper 
jaw is composed of two bones, the premaxilla 
and the maxilla, and that the suture between these 
bones separates the three anterior teeth from the others. 
These three teeth then, which are implanted by their 
roots in the premaxilla, form a distinct group, to which 
the name of ‘‘incisor’’ is applied. This distinction 
is, however, not so important as it appears at first 
sight, for, as mentioned when speaking of the develop- 
ment of the teeth, their connection with the bone is 
ly of a secondary nature, and, although it happens 
conveniently for our purpose that in the great major- 
ity of cases the segmentation of the bone coincides 
with the interspace between the third and fourth 
tooth of the series, still, when it does not happen to 
do so, asin the case of the Mole, we must not give 
too much weight to this fact, if it contravenes other 
reasons for determining the homologies of the teeth. 
The eight remaining teeth of the upper jaw offer a 
natural division, inasmuch as the posterior three 
never have milk predecessors, and, although some of 
the anterior teeth may be in the same case, the par- 
ticular one preceding these three always has such a 
predecessor. ‘These three then are grouped apart as 
the ‘‘ molars,’’ or ‘‘ true molars,’’ assome of the teeth 
in front of them often have a molariform character. 
Of the five teeth between the incisors and molars the 
most anterior, or that which is usually situated close be- 
hind the premaxillary suture, almost always, as soon as 
any departure takes place from the simplest and most 
homogeneous type, assumes a lengthened and pointed 
form, and is the tooth so developed as to constitute the 
‘“canine’’ or ‘‘laniary’’ tooth of the Carnivora,-the 
tusk of the Boar, ete. It is customary therefore to 
call this tooth, whatever its size or form, the ‘‘canine.”’ 
The remaining four are the ‘“‘premolars’’ or “‘ false 
molars.’’ This system of nomenclature has been ob- 
jected to as being artificial, and in many cases not 
descriptive, the distinction between premolars and 
canine especially being sometimes not obvious, but the 
terms are now in such general use, and so practically 
conyenient—especially if, as it is best to do in all such 
cases, we forget their original signification, and treat 
them as arbitrary signs—that it is not likely they will 
be superseded by any that have been proposed as sub- 
stitutes for them. 

With regard to the lower teeth the difficulties are 
greater, owing to the absence of any suture corre- 
sponding to that which defines the incisors above; but, 
as the number of the teeth is the same, as the corre- 
sponding teeth are preceded by milk teeth, and as in 
the large majority of cases it is the fourth tooth of the 
series which is modified in the same way as the canine 
(or fourth tooth) of the upper jaw, it is quite reason- 
able to adopt the same divisions as with the upper 
series, and to call the first three, which are implanted 
in the part of the mandible opposite to the premaxilla, 
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the incisors, the next the canine, the next four the! 
premolars, and the last three the molars. Tt may be. 
observed that when the mouth is closed, especially 
when the opposed surfaces of the teeth present an 
irregular outline, the corresponding upper and lower 
teeth are not exactly opposite, otherwise the two | 
series could not fit into one another, but as a rule the 
points of the lower teeth shut into the interspaces in 
front of the corresponding teeth of the upper jaw. | 
This is seen very distinctly in the canine teeth of the 
Carnivora, and is a useful guide in determining the 
homologies of the teeth of the two jaws. Objections | 
have certainly been made to this view, because, in 
certain rare cases, the tooth which, according to it, 
would be called the lower canine has the form and 
function of an incisor (as in Ruminants and Lemurs), 
and on the other band (as in Oreodon, an extinct 
Ungulate from North America) the tooth that would 
thus be determined as the first premolar has the form 


of a canine; but it should not be forgotten that, as in | 


all such cases, definitions derived from form and func- 
tion) alone are quite as open to objection as those 
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derived from position and relation to surrounding 
parts, or still more so. 


I 


ce 


m1 


de 
II 


de 


dm1ldm.2  dm.3 


m.2 
mL 


Fic. 3.—Milk and Permanent Dentition of VEPs (I.) and Lower 

the symbols by 
which the different teeth are commonly designated. The third 
upper molar (m 3) is the only tooth wanting in this animal to 


(II.) Jaw of the Dog (Canis jamitiaris), wit 


complete the typical heterodont mammalian dentition. 


For the sake of brevity the complete dentition, ar- 
ranged according to these principles, is 
often described by the following formula, 
the numbers above the line representing 
the teeth of the upper, those below the line those of 


Dental for- 
mule, 


a shee — 5 1-1 
the lower jaw:—incisors ae canines ;-;, premolars 
=z 3-3 11-11 ane 
4 molars 5-5 = ici) total 44. As, however, ini- 


tial letters may be substituted for the names of each 
group, and it is quite unnecessary to give more than 
the numbers of the teeth on one side of the mouth, 
the formula may be conveniently abbreviated into— 


@ 3, € +, p a nv 3 aay it; total 44. 
The individual teeth of each grou 
merated from before backwards, and h 
as the following— 
4 AG 20.36, 0 1, D2, Pd, p 4, m1, We, Wie 2. 
11,72, 73, ¢ p1, p 2, p 3, p 4, m1, m 2, m3 


are always enu- 
y such a formula 


Ke 


RP 


a special numerical designation is given by which each 
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one can be indicated. In mentioning any single tooth, 
such a sign as ™! will mean the first upper molar, m1 
the first lower molar, and so on. “The use of such 
signs saves much time and space in description. 

It was part of the view of the founder of this system 
of dental notation that, at least throughout the group of 
mammals whose dentition is derived from this general 
type, each tooth has its strict homologue in all species 
and that in those cases in which fewer than the typical : 
number are present (as in all existing mammals except 
the genera Sus, Gymnura, Talpa, and Myogale) the 
teeth that are missing can be accurately defined. Ac- 


| cording to this view, when the number of incisors falls 


short of three it is assumed that the absent ones are 
missing from the outer and posterior end of the series. 
Thus when there is but one incisor present, it is 7 1; 
when two they are 7 1 and7 2. Furthermore, when. 
the premolars and the molars are below their typical 
number, the absent teeth are missing from the fore- 
part of the premolar series, and from the back part of 
the molar series. If this were invariably so, the labors 
of those who describe teeth would be greatly simpli- 
fied; but there are unfortunately so many exceptions 
that a close scrutiny into the situation, relations, and 
development of a tooth may be required before 
its nature can be determined, and in some cases 
the evidence at our disposal is scarcely sufficient 
for the purpose. 

The milk dentition is expressed by a similar 
formula, d@ for deciduous being commonly added 
before the letter expressive of the nature of the 
tooth. As the three molars and (almost invari- 
ably’) the first premolats of the permanent series 
have no predecessors, the typical milk dentition 
would be expressed as follows—di $, de +, dm 
$= 4=—= 28. The teeth which precede the pre- 
molars of the permanent series are all called 
molars in the milk dentition, although, as a 
general rule, in form and function they represent 
in a condensed form the whole premolar and 
molar series of the adult. When there is a 
marked difference between the premolars and 
molars of the permanent dentition, the first 
milk molar resembles a premolar, and the last 
has the characters of the posterior true molar. 

The dentition of all the animals of the orders 
Primates, Carnivora, Insectivora, 
Chiroptera, and Ungulata can clearly 
be derived from the above-described — e™#szed 
generalized type. The same may be ik 
said of the Rodents, and even the Proboscidea, 
though with greater modification, at least in 
the existing members of the order. It is also ap- 
parent in certain extinct Cetaceans, as Zeuglo- 
don and Squalodon, but it is difheult to find 
any traces of it in existing Oetacea, Sirenia, or 
any of the so-called Edentata. All the marsupials, 
different as they are in their general structure and 
mode of life, and variously modified as is their 
dentition, present in this system of organs some 
deep-lying common characters which show their 
unity of origin. The generalized type to which 
their dentition can be reduced presents considerable 
resemblance to that of the placental mammals, yet 
differing in details. It is markedly heterodont, 
and susceptible of division into incisors, canines, pre- 
molars and molars upon the same principles. he 
whole number is, however, not limited to forty-four. 
The incisors may be as numerous as five on each side, 
and are almost always different in number in the upper 
and the lower jaw. The premolars and molars are com- 
monly seven, as in the placental mammals, but their ar- 
rangement is reversed, as there are four true molars and 
three premolars; and finally the milk dentition of all 
known Marsupials, existing or extinct, is (if not en- 
tirely absent) limited to a single tooth on each side of 


1 Hyraz alone among existing mammals which have four pre- 
molars has also four milk molars. 
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each jaw, this being the predecessor of the last perma- 
nent premolar. 

In very few mammals are teeth entirely absent. 
Even in the Whalebone Whales their germs are 
formed in the same manner and at the same period of 
life as in other mammals, and even become partially 
ealcified, but they never rise above the gums, and 
completely disappear before the birth of the animal, 
In some species of the order Hdentata, the true Ant- 
_ eaters and the Pangolins, no traces of teeth have been 

found at any age. 
case, although the Ornithorhynchus has flattened, 
ridged, horny plates at the back of both jaws, which 
answer the purpose of molar teeth. 


Modifications of the Teeth in Relation to their Func | 


tions.—The principal functional modifications noticed 
in the dentition of Manumalia may be roughly grouped 
.as (1) piscivorous, (2) carnivorous, (3) insectivorous, 


course, numerous variations and transitional condi- 
tions. 

1. The essential characters of a piscivorous dentition 
are best exemplified in the Dolphins, and 
also (as modifications of the carnivorous 
type) in the Seals. It consists of an elon- 
gated, rather narrow mouth, wide gape, with numer- 
ous subequal, conical, sharp-pointed, recurved teeth 
adapted simply to rapidly seize, but not to divide or 
masticate, active, slippery, but not powerful prey. All 
animals which feed on fish as a rule swallow and digest 
them entire, a process which the structure of prey of 
this nature, especially the intimate i tarbiebaine of 


Piscivorous 
dentition. 


delicate, sharp-pointed bones with the muscles, renders | 


very advantageous, and: for which the above-described 
type of dentition is best adapted. 

2. The carnivorous type of dentition is shown in its 
most perfect development among existing 
mammals in the Felide. ‘The function 
being here to seize and kill struggling ani- 
mals, often of large size and great muscular power, 
the canines are immensely developed, trenchant, and 
piercing, and are situated wide apart so as to give the 
firmest hold when fixed in the victim’s body. The 
jaws are as short as is consistent with the free action 
of the canines, so that no power may be lost. The 
incisors are very small, so as not to interfere with the 
penetrating action of the canines, and the crowns of 
the molar series are reduced to scissor-like blades, with 
which to pare off the soft tissues from the large bones, 
or to divide into small pieces the less dense portions 
of the bone for the sake of nutriment afforded by the 
blood and marrow it contains. The gradual modifica- 
tion between this and the two following types will be 
noticed in their appropriate places. ‘ 

3. In the most typical insectivorous animals, as the 
Hedgehogs and Shrews, the central incisors 
are elongated, pointed, and project for- 
wards, those of the upper and lower jaw 
meeting like the blades of a pair of forceps, so as 
readily to secure small active prey, quick to elude 
capture, but powerless to resist when once seized. 
The crowns of the molars are covered with numerous 
sharp edges and points, which working against each 
other, rapidly cut up the hard cased insects into little 
pieces, fit for swallowing and digestion. 

4. The omnivorous type, especially that adapted for 
the consumption of soft vegetable substan- 
ces, such as fruits of various kinds, may be 
exemplified in the dentition of Man, of 
most Monkeys, and of the less modified Pigs. The 
incisors are moderate, subequal, and cutting. If the 
canines are enlarged, it is usually for other purposes 
than those connected with food, and only in the male 
sex. The molars have their crowns broad, flattened, 
and eleyated into rounded tubercles. 

5. In the most typically herbivorous forms of denti- 
tion, as seen in the Horse and Kangaroo, the incisors 
are well developed and trenchant, adapted for cutting 


Carniv- 
orous, 


Insectiv- 
orous. 
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The Monotremata are in like| 


) ( y : herbivorous type. 
(4) omnivorous, and (5) herbivorous, each having, of 
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off the herbage on which the animals feed; the canines 
are rudimentary or suppressed ; the molars 
are large, with broad crowns, which in 
the simplest forms have strong transverse 
ridges, but may become variously complicated in the 
higher degrees of modification which this type of tooth 
assumes. 

The natural groups of mammals, or those which in 
our present state of knowledge we have reason to 
believe are truly related to each other, may each con- 
tain examples of more than one of these modifications. 
Thus the Primates have both omnivorous and insectiv- 
orous forms. The Carnivora show piscivorous, carniv- 
orous, insectivorous, and omnivorous modifications of 
their common type of dentition. The Ungulata and 
the Rodentia have among them the omnivorous and 
various modifications, both simple and complex, of the 
The Marsupialia exhibit examples 
of all forms, except the purely piscivorous. Other 
orders, more restricted in number or in habits, as the 
Proboscidea and Cetacea, naturally do not show so great 
a variety in the dental structure of their members. 

In considering the taxonomic value to be assigned 
to the modifications of teeth of mammals, 
two principles, often opposed to each 
other, which have been at work in producing these 
modifications, must be held in view :—(1) the type, or 
ancestral form, as we generally now eall it, character- 
istic of each group, which in most mammals is itself 
derived from the still more generalized type described 
above; and (2) variations which have taken place 
from this type, generally in accordance with special 
functions which the teeth are called upon to fulfil in 
particular cases. These variations are sometimes so 
great as completely to mask the primitive type, and in 
this way the dentition of many animals of widely dif- 
ferent origin has come to present a remarkable super- 
ficial resemblance, as in the case of the Wombat (a 
Marsupial), the Aye-Aye (a Lemur), and the Rodents, 
or as in the case of the Thylacine and the Dog. In 
all these examples indications may generally be found 
of the true nature of the case by examining the earlier 
conditions of dentition; for the characters of the milk 
teeth or the presence of rudimentary or deciduous 
members of the permanent set will generally indicate 
the route by which the specialized dentition of the 
adult has been derived. tt is perhaps owing to the 
importance of the dental armature to the well-being of 
the animal in procuring its sustenance, and preserving 
its life from the attacks of enemies, that great 
changes appear to have taken place so readily, 
and with such comparative rapidity in the form of 
these organs, changes often accompanied with but 
little modification in the general structure of the ani- 
mal. Of this proposition the Aye-Aye (Chiromys) 
among Lemurs, the Walrus among Seals, and the 
Narwhal among Dolphins form striking examples; as, 
in all, the superficial characters of their dentition would 
entirely separate them from the animals with which all 
other evidence (even including the mode of develop- 
ment of their teeth) proves their close affinity. 


Herbiv- 
orous. 
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The skeleton is a system ot hard parts, forming a 
framework which supports and protects the softer 
organs and tissues of the body. It consists of dense 
fibrous and cartilaginous tissues, of which portions re- 
main through life in this state, but the greater part is 
transformed during the growth of the animal into 
bone or osseous tissue. ‘This is characterized by a 
peculiar histological structure and chemical composi- 
tion, being formed mainly of a gelatinous basis, 
strongly impregnated with salts of lime, chiefly phos- 
phate, and disposed in a definite manner, containing 
numerous minute nucleated spaces or cavities called 
lacunz, connected together by delicate channels or 
canaliculi, which radiate in all directions from the 
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sides of the lacunse. Parts composed of bone are, 
next to the teeth, the most imperishable of all the 
organs of the body, often retaining their exact form 
and internal structure for ages after every trace of all 
other portions of the organization has completely dis- 
appeared, and thus, in the case of extinct animals, 
affording the only means of attaining a knowledge of 
their characters and affinities. ! 

In the Armadillos and their extinct allies alone is an 
ossified exoskeleton, or bony covering developed in the 
skin, present. In all other mammals the skeleton is 
completely internal. It may be described as consisting 
of an axial portion belonging to the head and trunk, 
and an appendicular portion belonging to the limbs. 
There are also certain bones called splanchnic, being 
developed within the substance of some of the viscera. 
Such are the os cordis and os penis found in some 
mammals. 

It is characteristic of all the larger bones of the 
Mammatia that their ossification takes its origin from 
several distinct centres. One near the middle of the 
bone, and spreading throughout its greater portion, 
constitutes the diuphysis, or ‘‘ shaft,’ in the case of 
the long bones. Others near the extremities, or in 
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Fic. 4—Longitudinal and Vertieal Section of the Skull of a Dog (Canis familiaris), with 
an, anterior narial aperture; MT, maxillo-turbinal 
ortion of the mesethmoid; 
Pa, parietal ; JP, inter- 
parietal; SO, supra-occipital; HO, ex-occipital; BO, basi-occipital; Per, periotic; 


mandible and hyoid arch. 
bone; £7, ethmo-turbinal; Na, nasal; JE, ossified 
CE, cribriform plate of the ethmo-turbinal; /, frontal; 
BS, basi-sphenoid; Pt, pterygoid; 
presphenoid; i, palatine ; 
stylo-hyal; eh, epi-hyal ; 

physis of mandible ; 
dental canal, 


AS, ali-sphenoid ; 
Vo, vomer; Mz, maxilla; 

ch, cerato-hyal; bh, basi-hyal; 

cp, eoronoid process; ed, condyle; 


projecting parts, form the epiphyses, which remain dis- 
tinct during growth, but ultimately coalesce with the 
rest of the bone. 

The axial skeleton consists of the skull, the vertebral 
column (prolonged at the posterior extrem- 


ata ity into the tail), the sternum, and the 


skeleton. 


ribs. 

In the skull of adult mammals, all the bones, except 
the lower jaw, the auditory ossicles, and the bones of 
an the hyoid arch, are immovably articulated 

ull. . . ce aes 
together, their edges being in close contact, 
often interlocking by means of fine denticulations pro- 
jecting from one bone and fitting into corresponding 
depressions of the other, and held together by the 
periosteum, or fibrous membrane investing the bones, 


1 See for the principal modifications of the skeleton of this class, 
the large and beautifully illustrated Ostéographie of De Blain- 
ville, 1835-54 ; thesection devoted to this subject in Bronn’s Kias- 
sen und Ordnungen des Thier-Reichs, by Giebel, 1874-79; and An 
Introduction to the Osteolugy of the Mammalia, by W. H. Flower, 
2d ed., 1876. 
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a, angle; 
: The mandible is displaced downwards, to show its entire form; the 
* indicates the part of the cranium to which the condyle is articulated.2 
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passing directly from one to the other, permitting no 
motion, beyond perhaps a slight yielding to external 
pressure. In old animals there is a great tendency for 
the different bones to become actually united by the 
extension of ossification from one to the other, with 
consequent obliteration of the sutures. The cranium, 
thus formed of numerous originally independent ossifi- 
cations, retaining through life more or less of their in- 
dividuality, or all fused together, according to the 
species, the age, or even individual peculiarity, consists 
of a brain case, or bony capsule for inclosing and pro- 
tecting the brain, and a face for the support of the 
organs of sight, smell, and taste and of those con- 
cerned in seizing and masticating the food. The brain 
case articulates directly with the anterior cervical ver- 
tebra, by means of a pair of oval eminences, called 
condyles, placed on each side of the large median 
foramen which transmits the spinal cord. It consists . 
of a basal axis, continuous serially with the axes or 
centra of the vertebrae, and of an arch above, roofing 
over and closing the cavity which contains the cephalic 
portion of the central nervous system (see fig. 4.) 
The base with its arch is composed of three segments 
placed one before the other, each of which is compar- 
able to a vertebra with a greatly 
iP expanded neural arch. The hinder 
or occipital segment consists of the 
basi-occipital, ex-oecipital, and su- 
pra-occipital bones; the middle seg- 
ment of the  basi-sphenoid,  ali- 
sphenoid, and parietal bones; and 
the anterior segment of the pre- 
sphenoid, — orbito-sphenoid, and 
frontal bones. The axis is continued 
forwards into the mesethmoid, or 
septum of the nose, around which 
the bones of the face are arranged 
in a manner so extremely modified 
for their special purposes that 
anatomists who have attempted to 
trace their serial homologies with 
the more simple portions of the 
axial skeleton have arrived at very 
diverse interpretations. The char- 
acteristic form and structure of the 
face of mammals is mainly depen- 
dent upon the size and shape of (1) 
the orbits, a pair of cup-shaped 
cavities for containing the eyeball 
and its muscles, which may be di- 
rected forwards or laterally, placed 
near together or wide apart, and 
may be completely or only partially 


OO Reh eh encircled by bone; (2) the nasal 
th, thyro-hyal; ssym. ‘088%, Cavities on each side of the 


median nasal septum, and forming 
the passage for the air to pass between 
Le the external and the internal nares, 
and containing in their upper part the organ of smell ; 
(3) the zygomatic arch, a bridge of bone for the purpose 
of muscular attachment, which extends from the side 
of the face to the skull, overarching the temporal 
fossa; (4) the roof of the mouth, with its alveolar 
margin for the implantation of the upper teeth. The 
face is completed by the mandible, or lower jaw, con- 
sisting of two lateral rami, articulated by a hinge joint 
with the squamosal (a cranial bone interposed between 
the posterior and penultimate segment of the brain 
case, where also the bony capsule of the organ of hear- 
ing is placed), each being composed of a single solid 
piece of bone, and united together in the middle line 
in front, at the symphysis,—which union may be pet- 
manently ligamentous or become completely ossified. 
Into the upper border of the mandible rami the 
lower teeth are implanted. a4 

In only those species in which the brain holds a 


2 This and many of the following figures are taken from Flow- 
er’s Osteology of the Mammalia, Macmillan, 1876. 
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large relative proportion to the rest of the body, as in 
Man and the smaller species of the Primates and some 
other orders, does the external form of the skull re- 
ceive much impress from the real shape of the cavity 
containing the brain. ‘The size and form of the mouth, 
and the modifications of the jaws for the support of 
teeth of various shape and number, the ridges and 
crests on the cranium for the attachment of the 
muscles necessary to put this apparatus in motion, 
outgrowths of bone for the enlargement of the external 
surface required for the support of sense organs or of 
weapons, such as horns or antlers (which outgrowths, 
to prevent undue increase of weight, are filled with 
cells containing air), cause the principal variations in 
the general configuration of the skull. These varia- 
tions are, however, only characteristically developed in 
perfectly adult animals, and are in many cases more 
strongly marked in the male than the female sex. 
Throughout all the later stages of growth up to matu- 
rity the size and form of the brain case remain com- 
paratively stationary, while the accessory parts of the 
skull rapidly increase and take on their distinctive de- 
velopment characteristic of the species. 

The hyoidean apparatus in mammals supports the 
tongue and larynx, and consists of a median portion be- 
low, the basi-hyal, from which two pairs of half arches, 
orcornua, extend upwards and outwards. ‘The anterior 
is the most important, being connected with the periotic 
bone of the cranium. It may be almost entirely liga- 
mentous, but more often has several ossifications, the 
largest of which is usually the stylo-hyal. The poste- 
rior cornu (thyro-hyal) is united at its extremity with 
the thyroid cartilage of the larynx, which it suspends 
in position. The median portion, or basi-hyal, is 
sometimes, as in the Howling Monkeys, enormously 
enlarged and hollowed, admitting into its cavity an 
air sac connected with the organ of voice. 

The vertebral column consists of a series of distinct 


Vertebral bones called vertebra, arranged in close 
column. connection with each other along the dorsal 


side of the neck and trunk, and in the median line.? 
It is generally prolonged posteriorly beyond the trunk, 
to form the axial support of the appendage called the 
tail. Anteriorly it is articulated with the occipital 
region of the skull. The number of distinct bones of 
which the vertebral column is composed varies greatly 
among the Mammalia, the main variation being due 
to the elongation or otherwise of the tail. Apart from 
this, in most mammals, the number is not far from 
thirty, though it may fall as low as twenty-six (as in 
some Bats), or rise as high as forty (/yrax and 
Choleepus). The different vertebrae, with some excep- 
tions, remain through life quite distinct from each other, 
though closely connected by means of fibrous struc- 
tures which allow of a certain, but limited, amount of 
motion between them. The exceptions are the follow- 
ing :—near the posterior part of the trunk, in nearly all 
mammals which possess completely developed hinder 
limbs, two or more vertebrze become ankylosed to- 
gether to form the ‘‘sacrum,”’ the portion of the ver- 
tebral column to which the pelvic girdle is attached ; 
also, in certain species of Whales and of Armadillos, 
there are constant ossific unions of certain vertebrae 
of the cervical region. 

Although the vertebrae of different regions of the 
column of the same animal or of different animals 
present great diversities of form, there is a certain 
general resemblance among them, or a common plan 
on which they are constructed, which is more or less 
modified by alteration of form or proportions, or by the 
addition or suppression of parts to fit them to fulfil 
their special purpose in the economy. An ordinary 
or typical vertebra consists in the first place of a solid 


iece of bone, the body or centrum (fig. 5, c), of the 
orm of a disk or short cylinder. The bodies of con- 


1 For the sake of uniformity, in all the following descriptions 
of the vertebral column, the long axis of the body is supposed to 
be in the horizontal position, 
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| tiguous vertebrae are connected together by a very 
dense, tough, and elastic 
material called the ‘‘inter- 
vertebral substance,’’ of 
peculiar and complex ar- 
rangement. his sub- 
stance forms the main, 
and in some cases the 
only, union between the 
vertebrae. Its elasticity 
provides for the vertebree 
always returning to their 
normal relation to each 
other and to the column 


c - the 4 
Fie. 5.—Anterior surface of generally, when they 
Human Thoracic Vertebra have been disturbed 
(Fourth). ¢, body or centrum; therefrom by muscular 


me, neural canal; p, pedicle, 
and /, lamina of the arch; ¢, 
transverse process; az, anterior 
zygapophysis. 


action. A process (p) 
arises on each side from 
the dorsal surface of the 
body. These, meeting in the middle line above, form 
together an arch, surmounting a space or short 
canal (ne). As in this space lies the posterior pro- 
longation of the great cerebro-spinal nervous axis, 
or spinal cord, it is called the neural canal, and 
the arch is called the neural arch, in contradistinction 
to another arch on the ventral surface of the 
body of the vertebra, called the hamalarch. The last 
is, however, never formed in mammals by any part of 
the vertebra itself, but only by certain distinct bones 
placed more or less in apposition to it—the ribs in the 
thoracic, and the ‘‘chevron bones” in the caudal re- 
gion. In most cases the arch of one vertebra is articu- 
lated with that of the next by distinct surfaces with 
synovial joints, placed one on each side, ealled ‘‘ zyga- 
pophyses’’ (z), but these are often entirely wanting 
when flexibility is more needed than strength, as in the 
greater part of the caudal 


region of  long-tailed 
animals. In addition to 


the body and the arch, 
there are certain project- 
ing parts called process- 
es, chiefly serving -for 
the attachment of the 
numerous muscles which 
move the vertebral col- 
umn, Of these two 
are single and median,— 
the spinous process or 
neural spine, or neura- 
Fia. 6.—Side view of the First Lum- pophysis (s), arising from 
aoe ipg aie taba IN al J the middle of the upper 
See ee sae a De, pos. part of the arch, and the 
terior zygapophysis; m, me- hypapophysis from the 
PSB ce SH PDRP Dy aE: * under surface of the body. 
This, however, is as fre- 
quently absent as the former is constant. The other 
processes are paired and lateral. They are transverse 
processes (¢), of which there may be two, an upper and 
a lower, in which case the former is called, in the lan- 
guage of Owen (to whom we are indebted for the termi- 
nology of the parts of the vertebrae in common use), 
‘* diapophysis,”’ and the latter ‘‘ parapophysis.’’ Other 
processes less constantly present are called respectively 
** metapophyses,’’ (m) and ‘‘anapophyses’’ (a). 

The vertebral column is divided for convenience of 
description into five regions, the cervical, thoracic or 
dorsal, lumbar, sacral, and caudal. This division is 
useful, especially as it is not entirely arbitrary, and in 
most cases is capable of ready definition; but at the 
contiguous extremities of the regions the characters of 
the vertebrae of one are apt to blend into those of the 
next region, either normally or as peculiarities of in- 
dividual skeletons. 

The cervical region constitutes the most anterior por- 
tion of the column, or that which joins the 
cranium. ‘The vertebra: which belong to it 


Cervical 
vertebre. 
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are either entirely destitute of movable ribs, or 
if they have any these are small, and do not join the 
sternum. Asa general rule 
they have considerable per- 
foration through the base 
of the transverse process 
(the vertebrarterial canal 
fig. 7, ¢), or, as it is some- 
times described, they have 
two transverse processes, 
superior and inferior, which, 
meeting at their extremi- 
ties, enclose acanal. ‘This, 
however, rarely applies to 
the last vertebra of the 
region, in which only the 
upper transverse process is 
usually developed. The 
transverse process, more- 
over, very often sends down 
near its extremity a more 
or less compressed plate (inferior lamella), which being 
considered to be serially homologous with the ribs of 
the thoracic vertebrae (though not developed autoge- 
nously), is often called the ‘‘costal’’ or *‘ pleurapo- 
physial’’ plate. This is usually largest on the sixth, 
and altogether wanting on the seventh vertebra. The 
first and second cervical vertebrze, called respectively 
‘fatlas’’ and ‘‘axis,’’ are specially modified for the 
function of supporting and permitting the free move- 
ments of the head. They are not united together by 
the intervertebral substance, but connected only by 
ordinary lizaments and synovial joints. 

The cervical region in mammals presents the re- 
markable peculiarity that, whatever the length or flexi- 
bility of the neck, the number of vertebree is the 
same, viz., seven, with only three known exceptions, 
the Manatee and Hoffman’s Two-toed Sloth ( Cholapus 
hoffmanni), which both have but six, and the Three- 
toed Sloth (Bradypus tridactylus), which has nine, 
though in this case the last two usually support moy- 
able ribs, though not sufficiently developed to reach 
the sternum. 

The dorsal (or thoracic, as it would be more correctly 
termed) region consists of the vertebree 
which succeed those of the neck, having 
ribs movably articulated to them. These 
ribs arch around the thorax,—the anterior one, and 
most usually the greater number of those that follow, 
being attached below to the sternum. 

The Jumbar region consists of those vertebrae of the 
trunk in front of the sacrum which bear no 
movable ribs. It may happen that, as the 
ribs decrease in size posteriorly, the last 
being sometimes more or less rudimentary, the step 
from the thoracic to the lumbar region may be gradual 
and rather undetermined in a given species. But most 
commonly this is not the case, and the distinction is as 
well defined here as in any other region. Asa general 
rule there is a certain relation between the number of 
the thoracic and lumbar vertebrae, the whole number 
being tolerably constant in a given group of animals, 
and any increase of the one being at the expense of 
the other. Thus in all known Artiodactyle Ungulata 
there are 19 dorso-lumbar vertebrae; but these may 
consist of 12 dorsal and 7 lumbar vertebrae, or 13 dorsal 
and 6 lumbar, or 14 dorsal and 5 lumbar. The smallest 


Fia. 


7.—Anterior Surface of 
Sixth Cervical Vertebra of 
Dog. 8, spinous process ; az, an- 
terior zygapoplhysis; v, verte- 
brarterial canal; ¢, transverse 
process ; t, its inferior lamella, 


Dorsal 
vertebra. 


Lumbar 
vertebree. 


number of dorso-lumbar vertebrze in mammals occurs } 


in some Armadillos, which have but 14. The number 
found in Man, the higher Apes, and most Bats, viz., 
17, is exceptionally low; 19 prevails in the Artiodac- 
tyles, nearly all Marsupials, and very many Rodents; 
20 or 21 in Carnivora and most Jnsectivora; and 23 in 
Perissodactyla. The highest and quite exceptional 
numbers are in the T'wo-toed Sloth ( Cholepus) 27, and 
the Hyrax 30. The prevailing number of rib-bearing 
vertebree is 12 or 13, any variation being generally in 
excess of these numbers. 
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The sacral region offers more difficulties of definition. 
Taking the human ‘‘os sacrum ”’ fora guide 
for comparison, it is generally defined as 
consisting of those vertebrae between the 
lumbar and caudal regions which are ankylosed to- 
gether to form a single bone. It happens, however, 
that the number of such vertebree varies in different 
individuals of the same or nearly allied species, espe- 
cially as age advances, when a certain number of the 
tail vertebrae generally become incorporated with the 
true sacrum. Other suggested tests, as those verte- 
bree which have a distinct additional (pleurapophysial) 
centre of ossification between the body and the ilium, 
those to which the ilium is directly articulated, or those 
in front of the insertion of the ischio-sacral ligaments, 
being equally unsatisfactory or unpractical, the old one 
of ankylosis, as it is found to prevail in the average 
condition of adults in each species, is used in the eun- 
meration of the ver- 
tebre in the fol- 
lowing pages. The 
Cetacea, having no 
iliac bones, have 
no part of the ver- 
tebral column modi- 
fied into a sacrum. 

The caudal ver- 
tebree are those 
placed behind the 
sacrum, and termi- 
nating the verte- 
bral column. They 
vary: ingens 
number 
greatly, 
—being reduced to 
5, 4, or even 3, ina 
most rudimentary 
condition, in Man 
and in some Apes 
and Bats, and being 
numerous and pow- 
erfully developed, with strong and complex processes, 
in many mammals, especially among the Mdentata, 
Cetacea, and Marsupia- 
lia. The highest known 
number, 46, is possessed 
by the African Long- 
tailed Manis.  Con- 
nected with the under 
surface of the caudal 
vertebrae of many mam- 
mals which have the tail_ 
well developed are cer- 
tain bones formed more 
or less like an inverted 
arch, called chevron 
bones, or by the French 
os en V. These are al- 
ways situated nearly 
opposite to an inter- 
vertebral space, and 
are generally articu- 
lated both to the ver- 
tebra in front and the 
vertebra behind, but 
39 sometimes chiefly or 
ay entirely either to one 


ee a ra iior the other. 
Fic. 9.—Human Sternum and Ster- mi is 
nal Ribs. ps, presternum ; ms, mes- The sternum of mam 


osternum; as, xiphisternum; e, mals is a bone, or gen- 
point of attachment of clavicle;1 erally a series of bones. 
to 10, the cartilaginous sternal ribs. placed lon eitudinally in 
the mesial line, on the inferior or ventral 
aspect of the thorax, and connected on 
each side with the vertebral column by a series of more 
or less ossified bars called ‘‘ribs.’’ It is present in all 
mammals, but varies much in character in the differ- 


Sacral 
vertebre. 


Caudal 
vertebrae. 


Fie. 8.—Anterior Surface of Fourth Cau- 
dal Vertebra of Porpoise (Phocena com- 
munis), 8, Spinous process; m, metapo- 

hysis; , transverse process; h, chevron 
bone. 


Sternum. 


SKELETON. | 


ent groups. It usually consists of a series of distinct 
segments placed one before the other, the anterior 
being called the presternum or “‘ manubrium sterni’’ of 
human anatomy, and the posterior the xiphisternum, 
or xiphioid or ensiform process, while the intermediate 
segments, whatever their number, constitute the meso- 
sternum or ‘‘body.’’ In the Whalebone Whales the 
presternum alone is developed, and but a single pair of 
ribs is attached to it. 

The ribs form a series of long, narrow, and more or 
Ribs. less flattened bones, extending laterally from 

the sides of the vertebral column, curving 
downwards towards the median line of the body below, 
and mostly joining the sides of the sternum. The pos- 
terior ribs, however, do not directly articulate with 
that bone, but are either attached by their extremities 
to the edges of each rib in front of them, and thus 
only indirectly join the sternum, or else they are quite 
free below, meeting no part of the skeleton. These 
differences have given rise to the division into ‘‘true”’ 
and ‘‘false’’ ribs (by no means good expressions), sig- 
nifying those that join the sternum directly and those 
that do not; and of the latter, those that are free 
below are called ‘‘floating’’ ribs. The portion of each 
rib nearest the vertebral column and that nearest the 
sternum differ in their characters, the latter being usu- 
ally but imperfectly ossified, or remaining permanently 
cartilaginous. ‘These are called ‘‘ costal cartilages,’’ or 
when ossified ‘‘sternal ribs.”’ 

In the anterior part of the thorax the vertebral ex- 
tremity of each rib is divided into two parts, ‘‘head”’ 
and ‘‘tubercle’’; the former is attached to the side of the 
body of the vertebra, the latter to its transverse process ; 
the former attachment corresponds to the interspace 
between the vertebrae, the head of the rib commonly 
articulating partly with the hinder edge of the body of 
the vertebra antecedent to that which bears its tuber- 
cle. Hence the body of the last cervical vertebra 
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Fig. 10.—Sternum and strongly ossified Sternal Ribs of Great 
Armadillo (Priodon gigas). ps, presternum ; ws, xiphisternum. 


usually supports part of the head of the first rib. In 
the posterior part of the series the capitular and 
tubercular attachments commonly coalesce, and the rib 
is attached solely to its corresponding vertebra. The 
number of pairs of ribs is of course the sameas that of 
the thoracic vertebree. 


The appendicular portion of the framework 
open consists, when completely developed, 
dicular of two pairs of limbs, anterior and pos- 
skeleton. terior. 


The anterior limb is present and fully developed in 
Anterior all mammals, being composed of a shoulder 
limb. girdle and three seements belonging to the 
limb proper, viz., the upper arm or brachium, the 
forearm or autibrachium, and the hand or manus. 
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The shoulder girdle in the large majority of mam- 
mals isin a rudimentary or rather paiGed giidtider 
condition, compared to that in which it girdle. 
exists in other vertebrates. In the Mono- 
tremata ( Ornithorhynchus and. Echidna) alone is the 
ventral portion, or coracoid, complete and articulates 
with the sternum below, as in the Sauwropsida. In 
all other mammals this portion, though ossified from a 
distinct centre, forms only a process, sometimes a 
scarcely distinct tubercle, projecting from the anterior 
border of the glenoid cavity of the scapula. The last- 
named bone is always well developed, generally broad 
and flat (whence its vernacular name ‘* blade bone’’), 
with a ridge called the ‘‘ spine’’ on its outer surface, 
generally ending in a free curved process, the ‘‘ acro- 
mion.’’ As the scapula affords attachment to many 
of the muscles which act upon the anterior limb, its 
form and the development of its processes are greatly 
modified according to the uses to which the member is 
put. It is most reduced and simple in character in 
those animals whose limbs are mere organs of support, 
as the Ungulates, and most complex when they are 
also used for grasping, climbing, or digging. The 
development or absence of the clavicle or ‘‘collar- 
bone,’’ an accessory bar which connects the sternum 
with the scapula and steadies the shoulder-joint, has a 
somewhat similar relation, though its complete absence 
in the Bears shows that this is not an invariable rule. 
A complete clavicle is found in Man and all the Pri- 
mates, in Chiroptera, all Insectivora (except Potamo- 
gale), in many Rodents, in most Kdentates, and in all 
Marsupials, except Perameles. More or less rudi- 
mentary clavicles (generally suspended freely in the 
muscles) are found in the Cat, Dog, and most Carniv- 
ora, Myrmecophaga, and some Rodents. Clavicles 
are altogether absent in most of the Ursidce, all the 
Pinnipedia, Manis among Kdentates, the Cetacea, 
Sirenia, Proboscidea, all Ungulates, and some Rodents. 
The proximal segment of the limb proper contains 
a single bone, the humerus, and the second segment 
two bones, the radius and the ulna, placed 


n A ‘ z 4 Brachium 
side by side, articulating with the humerus and anti- 
brachium. 


at their proximal, and with the carpus at 
their distal extremity. In their primitive and unmodi- 
fied condition these bones may be considered as placed 
one on each border of the limb, the radius being pre- 
axial or anterior, and the ulna postaxial or posterior, 
when the distal or free end of the limb is directed out- 
wards or away from the trunk. ‘This is their position 
in the earliest embyronic condition, and is best illus- 
trated in adult mammals in the Cefucea, where the 
two bones are fixed side by side and parallel to each 
other. In the greater number of mammals the bones 
assume a very modified and adaptive position, usually 
crossing each other in the forearm, the radius in front 
of the ulna, sothatthe preaxial bone (radius), though 
external (in the ordinary position of the limb) at the 
upper end, is internal at the lower end; and the hand, 
being mainly fixed to the radius, also has its preaxial 
border internal. _ In the large majority of mammals 
the bones are fixed in this position, but in some few, 
as in Man, a free movement of crossing and uncrossing 
—or pronation and supination, as it is termed—is 
allowed between them, so that they can be placed in 
their primitive parallel condition, when the hand 
(which moves with the radius) is said to be spine, or 
they may be crossed, when the hand is said to be 
prone. 

In most mammals which walk on four limbs, and in 
which the hand is permanently prone, the ulna is much 
reduced in size, and the radius increased, especially at 
the upper end; and the articular surface of the latter. 
instead of being confined to the external side of the 
trochlea of the humerus, extends all across its anterior 
surface, and the two bones, instead of being external 
and internal, are anterior and posterior. In many 
hoofed or ungulated mammals, and in Bats, the ulna 
is reduced to little more than its upper articular ex- 
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tremity, and firmly ankylosed to the radius,—stability 
of these parts being more essential than mobility. 

The terminal segment of the anterior limb is the 
hand or manus. Its skeleton consists of 
three divisions :—(1) the ‘‘ carpus,” a group 
of small, more or less rounded or angular bones with 
flattened surfaces applied to one another, and, though 
articulating by synovial joints, having scarcely any 
motion between them ; 
(2) the ‘‘ metacarpus,”’ 
a series of elongated 
bones placed side by 
side, with their proxi- 
mal ends articulating 
by almost immovable 
joints with the carpus; 
(3) the ‘phalanges ”’ 
or bones of the digits, 
usually three in num- 
ber to each, articula- 
ting to one another by 
freely movable hinge- 
joints, the first being 
connected in like man- 
ner to the distal end of 
the corresponding me- 
tacarpal bone. 

To understand thor- 
oughly the ar- A 
F , A P FIG, — ‘ ik i 
rangernent of P= Demel es 
serpentina). After Gegenbaur. U, 
ulna; R, radius; w, ulnare; 7, in- 
termedium ; 7, radiale; ce, centrale; 


sae 5 1-5, the five bones of the distal row 
condition in some of of the carpus ; m~m*, the five meta- 


lower vertebrates. Fig. carpals. 

11 represents the manus in one of its most complete 
and at the same time most generalized forms, as seen 
in one of the Water Tortoises (Chelydra serpentina). 
The carpus consists of two principal rows of bones. 
The upper or proximal row contains three bones, to 
which Gegenbaur’ has applied the terms radiale 
(r), intermedium (ti), and awhnare (x), the first being 
on the radial or preaxial side of the limb. The 
lower or distal row contains five bones, called carpale 
1, 2, 3, 4, and 5 respectively, commencing on the radial 
side. Between these two rows, in the middle of the 
carpus, is a single bone, the centrale (c). In this very 
symmetrical carpus it will be observed that the vadiale 
supports on its distal side two bones, campale1 and 2; 
the intermedium is in a line with the centrale and car- 
pale 3, which together form a median axis of the hand, 
while the ware has also two bones articulated with its 
distal end, viz., carpale 4 and 5. ach of the carpals 
of the distal row supports a metacarpal. 

In the carpus of the Mammalia there are usually 
two additional bones developed in the tendons of the 
flexor muscles, one on each side of the carpus, which 
may be called the radial and ulnar sesamoid bones; 
the latter is most constant and generally largest, and 
is commonly known as the pisiform bone. The fourth 
and fifth carpals of the distal rows are always united 
into a single bone, and the centrale is very often ab- 
sent. As a general rule all the other bones are pres- 
ent and distinct, though it not unfrequently happens 
that one or more may have coalesced to form a single 
bone, or may be altogether suppressed. 

The following table shows the principal names in 
use for the various carpal bones,—those in the second 
column being the terms most generally employed by 
English anatomists :— 


Manus. 


Carpus. 


the bones of the car- 
pus in mammals, it is 
necessary to study their 


Radiale =Scaphoid = Naviculare. 
Titermedium = Lunar = Semilunare, Lunatum, 
Ulnare = Cuneiform = Triquetrum, Pyramidale, 
Centrale = Central = Intermedium (Cuvier). 
Carpale1 =Trapezium = Multangulum majus. 
Carpale2 =Trapezoid = Multangulwn minus. 
Carpale3 =Magnum = Capitatum. 

Gin ae : i =Unciform =Hamatum, Uncinatum. 
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The metacarpal bones, with the digits which they 
support, are never more than five in num- 


ber, and are: described numerically—first, eR per 
second, etc., counting from the radial to- phalanges, 


wards the ulnar side. ‘he digits are also 

sometimes named (1) the pollex, (2) index, (3) medius, 
(4) annularis, (5) minimus. One or more may be 
in a rudimentary condition, or altogether suppressed. 
If one is absent, it is most commonly the first. Ex- 
cepting the Cetacea, no mammals have more than 
three phalanges to each digit, but they may occasion- 
ally have fewer by suppression or ankylosis. The first 
or radial digit is an exception to the usual rule, one of 
its parts being constantly absent, for, while each of the 
other digits has commonly a metacarpal and three pha- 
langes, it has only three bones altogether; whether 
the missing one is a metacarpal or one of the phalanges 
is a subject which has occasioned much discussion, and 
has not yet been satisfactorily decided. The terminal 
phalanges of the digits are usually specially modified 
to support the nail, claw, or hoof, and are called *‘ un- 
gual i Wha In walking, some mammals (as the 
Bears) apply the whole of the lower surface of the car- 
pus, metacarpus, and phalanges to the ground; to 
these the term ‘‘ plantigrade’’ is applied. Many 
others (as nearly all the Ungulata) only rest on the 
last one or two phalanges of the toes, the first phalanx 
and the metacarpals being vertical and in a line with 
the forearm. These are called ‘‘digitigrade.’’ In- 
termediate conditions exist between these two forms, 
to which the terms ‘‘ phalangigrade”’ (as the Camel) 
and ‘‘subplantigrade’” (as in most Carnivora) are 
applied. When the weight is borne entirely on the 
distal surface of the ungual phalanx, and the horny 
structures growing around it, as in the Horse, the 
mode of progression is called ‘‘ unguligrade.”’ 

In the Chiroptera the digits are enormously elon- 
gated, and support a cutaneous expansion constituting 
the organ of flight. In the Cetacea the manus is 
formed into a paddle, being covered by continuous in- 
tegument, which conceals all trace of division into 
separate digits, and without sign of nails or claws. In 
the Sloths the manus is long and very narrow, habitu- 
ally curved, and terminating in two, or three, pointed 
curved claws in close apposition with each other, in- 
capable, in fact, of being divaricated, so that it is re- 
duced to the condition of a hook, by which the animal 
suspends itself to the boughs of the trees among which 
it lives. These are only examples of the endless modi- 
fications to which the distal extremity of the limb is 
subjected in adaptation to: the various purposes to 
which it is applied. 

The posterior limb is constructed upon a plan yery 
similar to that of the anterior extremity. 
It consists of a pelvic girdle and three seg- 
ments belonging to the limb proper, viz., 
the thigh, the leg, and the foot or pes. 

The pelvic girdle is present in some form in all mam- 
mals, though in the Cetacea and the Sirenit 
it is in an exceedingly rudimentary condi- 
tion. In all mammals except those belong- 
ing to the two orders just named, each lateral half of 
the pelvic girdle consists essentially, like the corre- 
sponding part of the anterior limb, of a flattened rod 
of bone crossing the long axis of the trunk, having an 
upper or dorsal and a lower or ventral end. The up- 
per end diverges from that of the opposite side, but 
the lower end approaches. and, in most cases, meets 
it, forming a symphysis, without the intervention of 
any bone corresponding to the sternum. The gate 
girdle differs from the shoulder girdle in being firmly 
articulated to the vertebral column, thus giving greater 
power to the hinder limb in its function of supporting 
and propelling the body. Like the shoulder girdle, it 
bears on its outer side, near the middle, a cup-shaped 
articular cavity (‘“‘acetabulum’’), into which the proxi- 
mal end of the first bone of the limb proper is re- 
ceived. Hach lateral half of the girdle is called the 
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‘os innominatum,’’ and consists originally of three 
bones which unite at the acetabulum. The ‘‘ilium’’ 
or upper bone is that which articulates with the sacral 
vertebrae. Of the two lower bones the anterior or 
‘“‘pubis’’ unites with its fellow of the other side at the 
symphysis; the posterior is the ‘‘ischium.’’ These 
two form two bars of bone, united above and below, 
but leaving a space between them in the middle, filled 
only by membrane, and called the ‘‘ thyroid’”’ or ‘‘ ob- 
turator’’ foramen. The whole circle of bone formed 
by the two innominate bones and the sacrum is called 
the pelvis. In the Monotremuta and Marsupialia, a 
pair of thin, flat, elongated bones called epipubic or 
marsupial bones are attached to the fore part of the 
pubis, and project forward into the muscular wall of 
the abdomen. 

The first segment of the limb proper has one bone, 
the femur, corresponding with the humerus 
of the upper limb. The second segment 
has two bones, the tibia and fibula, corre- 
sponding with the radius and ulna. These bones 
always lie in their primitive unmodified position, par- 
allel to each other, the tibia on the preaxial and the 
fibula on the postaxial side, and are never either per- 
manently crossed or capable of any considerable amount 
of rotation, as in the corresponding bones of the fore 
limb. In the ordinary walking position the tibia is 
internal, and the fibula external. In many mammals 
the fibula is in a more or less rudimentary condition, 
and it often ankyloses with the tibia at one or both ex- 
tremities. ‘The patella or ‘‘knee-cap’’ is found in an 
ossified condition in all mammals, with the exception 
of some of the Marsupialia. It is a large sesamoid 
bone developed in the tendon of the extensor muscles 
of the thigh, where the tendon passes over the front 
of the knee-joint, to which it serves as a protection. 
There are frequently smaller ossicles, one or two in 
number, situated behind the femoral condyles, called 
“*fabellae.”’ 

The terminal segment of the hind limb is the foot 
WG or pes. [ts skeleton presents in many 
i particulars a close resemblance to that of 
the manus, being divisible into three parts:—(1) a 

roup of short, more or less rounded or square-shaped 

ones, constituting the tarsus; (2) a series of long 
bones placed side by side, forming the metatarsus; and 
(3) the phalanges of the digits or toes. 

The bones of the tarsus of many of the lower Ver- 
tebrata closely resemble both in number and arrange- 
ment those of the carpus, as shown in fig. 11. They 
have been described in their most generalized condi- 
tion by Gegenbaur under the names expressed in the 
first column of the following table. The names in the 
second column are those by which they are most gen- 
erally known to Hnglish anatomists, while in the third 
column some synonyms occasionally employed are 


added 
Tibiale = ; sie 
Warerimedium i = Astragalus = Talus. 
Fibulare = Calcaneum = 0s calcis. 
Centrale = Navicular = Scuphoideum. 
Tarsale 1 = Internal cuneiform = Lntocuneiforme. 
Tarsale 2 = Middle cuneiform = Mesocuneiforme. 
Tarsale 3 = External cuneiform = Letocuneiforme. 
Tarsule 4 DY A 
Tarsale 5 i = Cuboid 


The bones of the tarsus of mammals present fewer di- 
versities of number and arrangement than those of the 
carpus. The proximal row (see fig. 12) always consists 
of two bones, the astragalus (a, which probably repre- 
sents the coalesced scaphoid and lunar of the hand) 
and the caleaneum (c). The former is placed more to 
the dorsal side of the foot than the latter, and al- 
most exclusively furnishes the tarsal part of the 
tibio-tarsal or ankle-joint. The caleaneum, placed 
more to the ventral or ‘‘plantar’’ side of the foot, 
is elongated backwards to form a more or less promi- 
nent tuberosity, the ‘“‘tuber calcis,’’ to which.the 
tendon of the great extensor muscles of the foot is 
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man Foot. 7, tarsus; M, meta- 
tarsus; Ph, phalanges; c, calca- 
neum ; a, astragalus ; eb, cuboid; 
n, navicular; c', internal cunei- 
form; c?, middle cuneiform ; c%, 
external cnneiform, The digits 
are indicated by Roman numer- 
als, counting from the tibial to 
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attached. The nayicular bone (1) is interposed be- 


tween the proximal and 
distal row on the inner or 
tibial side of the foot, but 
onthe outer side the bones 
of the two rows come into 
contact. The distal row, 
when complete, consists 
of four bones, which, be- 
ginning on the inner side, 
are the three cuneiform 
bones, internal (c') mid- 
dle (c*), and external (c’), 
articulated to the distal 
surface of the navicular, 
and the cuboid (eb), artic- 
ulated with the calea- 
pneum. Of these the mid- 
dle cuneiform is usually 
the smallest in animals in 
which all five digits are 
developed; but when the 
hallux is wanting the in- 
ternal cuneiform may be 
rudimentary or altogether 
absent. The three cuneli- 
form bones support. re- 
spectively the first, sec- 
ond, and third metatar- 
sals, and the cuboid sup- 
ports the fourth and 
fifth; they thus exactly 
correspond with the four 
bones of the distal row 


the fibular side, 

of the carpus. 

In addition to these constant tarsal bones, there may 
be supplemental or sesamoid bones :—one situated near 
the middle of the tibial side of the tarsus, largely de- 
veloped in many Carnivora and Rodentia; another, 
less frequent, on the fibular side; and a third, often 
developed in the tendons of the plantar surface of the 
tarsus, is especially large in Armadillos. There is also 
usually a pair of sesamoid bones on the plantar aspect 
of each metatarso-phalangeal articulation. 

The metatarsal bones neyer exceed five in number, 
and the phalanges follow the same numerical rule as in 
the manus, never exceeding three in each digit. More- 
over, the first digit, counting from the tibial side, or 
hallux, resembles the pollex of the hand in always 
haying one segment less than the other digits. As 
the function of the hind foot is more restricted than 
that of the hand, the modifications of its structure are 
less striking. In the Cetacea and the Sirenia it is 
entirely wanting, though in some members of the first- 
named order rudiments of the bones of the first and 
second segment of the limb have been detected. 
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The search after the purpose which every modifica- 
tion of structure subserves in the economy is always 
full of interest, and, if conducted with due caution and 
sufficient knowledge of all the attendant circumstances, 
may lead to important generalizations. It must 
always be borne in mind, however, that adaptation to 
its special function is not the only cause of the particu- 
lar form or structure of an organ, but this form, having 
in all probability been arrived at by the successive and 
gradual modification of some other different form from 
which it is now to a greater or less degree removed, 
has other factors besides use to be taken into account. 
In no case is this principle so well seen asin that of 
the organs of digestion. These may be considered 
as machines which have to operate upon alimentary 
substances in very different conditions of mechanical 
and chemical combination, and to reduce them in every 
case to the same or precisely similar materials ; and we 
might well imagine that the apparatus required to 
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produce flesh and blood out of coarse fibrous vegetable 
substances would be different from that which had to 
produce exactly the same resultsout of ready-made 
flesh or blood; and in a very broad sense we find that 
this is so. If we take a large number of carnivorous 
animals, belonging to different fundamental types, and 
a large number of herbivorous animals, and strike a 
kind of average of each, we shall find that there is, 
pervading the first group, a general style, if we may 
use the expression, of the alimentary organs, different 
from that of the others. There is a specially carnivo- 
rous and a specially herbivorous modification of these 

arts. But, if function were the only element which 
nas guided such modification, it might be inferred that, 
as one form must be supposed to be best adapted and 
most perfect in its relation to a particular kind of diet, 
that form would be found in all the animals consuming 
that diet. But this is far from being the case. The 
Horse and the Ox, for instance,—two animals whose 
food in the natural state is precisely similar,—are yet 
most different as regards the structure of their aliment- 
ary canal, and the process involved in the preparation 
of that food. Again, the Seal and the Porpoise, both 
purely fish-eaters, which seize and swallow and digest 
precisely the same kind of prey in precisely the same 
manner, have a totally different arrangement of the 
alimentary canal. If the Seal’s stomach is adapted in 
the best conceivable manner for the purpose it has to 
fulfil, why is not the Porpoise’s stomach an exact fac- 
simile of it, and vice versa? We can only answer, the 
Seal and Porpoise belong to different natural groups 
of animals, formed on different primitive types, or de- 
scended from differently constructed ancestors. On 
this principle only can we account for the fact that, 
whereas, owing to the comparatively small variety of 
the different alimentary substances met with in nature, 
few modifications would appear necessary in the organs 
of digestion. here is really endless variety in the 
parts devoted to this purpose. 

The digestive apparatus of mammals, as in other 
vertebrates, consists mainly of a tube with an aperture 
placed at or near either extremity of the body,—the 
oral and the anal orifice,—with muscular walls, the 
fibres of which are so arranged as by their regular 
alternate contraction and relaxation to drive onwards 
The mouth, the contents of the tube from the first to the 

last of these apertures. The anterior 
or commencing portion of this tube and the parts 
around it are greatly and variously modified in relation 
to the functions assigned to them of selecting and 
seizing the food, and preparing it by various mechani- 
cal and chemical processes for the true digestion which 
it has afterwards to undergo before it can be assimilated 
into the system. For this end it is dilated into a 
chamber or cavity called the mouth, bordered exter- 
nally by the lips, usually muscular and prehensile, and 
supported by a movable framework which carries the 
teeth,—organs the structure and modifications of 
which have been already described. The roof of the 
mouth is formed by the palate, terminating behind by 
a muscular, contractile arch, having in Man and some 
few other species a median projection called uvula, be- 
neath which the mouth communicates with the pha- 
rynx. The anterior part of the palate is composed of 
mucous membrane tightly stretched over the flat or 
slightly concave bony lamina which separates the 
mouth from the nasal passages, and is generally raised 
into a series of transverse ridges, which sometimes, as 
in Ruminants, attain a considerable development. In 
the floor of the mouth, between the rami of the man- 
dible, and supported behind by the hyoidean appar- 
atus, lies the tongue, an organ the free surface of 
which, especially in its posterior part, is devoted to the 
sense of taste, but which also by its great mobility, 
being composed almost entirely of muscular fibres, 
performs important mechanical functions connected 
with masticating and procuring food. Its modifica- 
tions of form in different mammals are very numerous. 
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Between the long, extensile, vermiform tongue of the 
Anteaters, which is essential to the peculiar mode of 
feeding of those animals, and the short, sessile, and 
almost functionless tongue of the Porpoise, every in- 
termediate condition is found. Whatever the form, 
the upper surface is always covered with numerous 
fine papillae, in which the terminal filaments of the 
gustatory nerve are distributed. 

In connection with the buccal cavity is an extensive 
and complex glandular apparatus which 
pours its secretions into it—secretions 
which constitute the fluid commonly known 
as saliva. his apparatus consists of small glands em- 
bedded in the mucous membrane or submucous tissue 
lining the cavity of the mouth, and which are of two 
kinds (the follicular and the racemose), and of others 
in which the secreting structure is aggregated in dis-’ 
tinct masses removed some distance from the cavity, 
other tissues besides the lining membrane being usually 
interposed, and pouring their secretion into the cavity 
by a distinct tube or duct, which traverses the mucous 
membrane. ‘T’o the latter alone the name of “‘ salivary 
glands’’ is ordinarily appropriated, although the dis- 
tinction between them and the smaller racemose glands 
is only one of convenience for descriptive purposes, 
their structure being more or less identical; and, as the 
fluids secreted by all become mixed in the mouth, 
their functions are, at all events in great part, com- 
mon. Under the name of salivary glands are com- 
monly included—(1) the “ parotid,’’ situated very 
superficially on the side of the head, below or around 
the cartilaginous external auditory meatus, and the 
secretion of which enters the mouth by a duct (often 
called Steno’s or Stenson’s) which crosses the masseter 
muscle and opens into the upper and back part of the 
cheek; and (2) the ‘‘ submaxillary,” situated in the 
neck, near or below the angle of the mandible, and 
sending a long duct (Wharton’s) forwards to open in 
the forepart of the floor of the cavity of the mouth, 
below the apex of the tongue. These are the most 
largely developed and constant of the salivary glands, 
being met with in various degrees of development in 
almost all animals of the class. Next in constancy are 
(3) the ‘‘ sublingual,’’ closely associated with the last- 
named, at all events in the locality in which the secre- 
tion is poured out; and (4) the ‘‘ zygomatic,’’ found 
only in some animals in the cheek, just under cover of 
the anterior part of the zygomatic arch, its duct enter- 
ing the buccal cavity near that of the parotid. 

The most obvious function common to the secretion 
of these various glands, and to that of the smaller ones 
placed in the mucous membrane of the lips, the 
cheeks, the tongue, the palate and fauces, is the 
mechanical one of moistening and softening the food, 
to enable it the more readily to be tasted, masticated, 
and swallowed, though each kind of gland may con- 
tribute in different manner and different degree to 
perform this function. ‘The saliva is, moreover, of the 
ereatest importance in the first stage or introduction 
to the digestive process, as it dissolves or makes a 
watery extract of all soluble substances in the food, 
and so prepares them to be further acted on by the 
more potent digestive fluids met with subsequently in 
their progress through the alimentary canal. In ad- 
dition to these functions it seems now well established 
by experiment that saliva serves in Man and many 
animals to aid directly in the digestive process, partic- 
ularly by its power of inducing the saccharine transfor- 
mation of amylaceous substances. As a general rule, 
in mammals the parotid saliva is more watery in its 
composition, while that of the submaxillaries, and still 
more the sublingual, contains more solid elements and 
is more viscid, so much so that some anatomists con- 
sider the latter, together with the small racemose 
glands of the cheeks, lips, and tongue, as mucous 
glands, retaining the name of salivary only for the 

arotid. These peculiar properties are sometimes 
illustrated ina remarkable degree, as, fur example, the 
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great secretion of excessively viscid saliva which lubri- 

cates the tongue of the Anteaters and Armadillos, as- 

sociated with enormously developed submaxillary 

glands; while, on the other hand, the parotids are of 
reat size in those animals which habitually masticate 
ry and fibrous food. 

After the preparation which the aliment has under- 

gone in the mouth,—the extent of which varies im- 
mensely in different forms, being reduced almost to 
nothing in such animals as the Seals and Cetaceans, 
which, to use the familiar expression, ‘‘bolt’’ their 
food entire,—it is swallowed, and is carried along the 
cesophagus by the action of its muscular 
coats into the stomach. In the greater 
proportion of mammals this organ is a simple saccular 
dilatation of the alimentary canal, but in others it 
undergoes remarkable modifications and complexities. 
The lining of the stomach is thickly beset with tubular 
glands, which are generally considered to belong to two 
different forms, recognizable by their structure, and 
different in their function—the most numerous and 
important secreting the gastric juice (the active agent 
in stomachic digestion), and hence called ‘‘ peptic” 
glands, the others concerned only in the elaboration of 
mucus. The relative distribution of these glands 
in different regions of the walls of the stomach 
varies greatly in different animals, and in many 
species there are large tracts of the mucous mem- 
brane which do not secrete a fluid having the proper- 
ties of gastric juice, and often constitute more or less 
distinct cavities devoted to storing and perhaps 
softening or otherwise preparing the food for digestion. 
Sometimes there is a great aggregation of glands 
forming distinet thickened patches of the stomach 
wall, as in the Beaver and Koala, or even collected in 
pyriform pouches with a common narrow opening into 
the cavity. as in the Manatee and the curious African 
Rodent Lophyomys. The action of the gastric fluid 
is mainly exerted upon the nitrogenous elements of the 
food, which it dissolves and modifies so as to render 
them capable of undergoing absorption, which is 
partly effected by the blood-vessels of the stomach, 
though the greater part passes 
through the pylorus, an aper- 
ture surrounded by a circular 
muscular valve, into the intes- 
tinal canal. Here it comes 
in contact with the secretion 
of a vast number of small 
lands called the erypts of 
aieberkuhn, somewhat simi- 
lar to those of the stomach, 
and also of several special 
glands of a different character, 
namely, the small racemose, 
duodenal, or Brunner’s glands, 
the pancreas, and the liver. 

The intestinal canal varies 
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greatly in relative length 
stitial and capacity in 
ntestina. * ate i 
canal. different animals, 


and it also offers 
manifold peculiarities of form, 
being sometimes a_ simple 
cylindrical tube of nearly 
uniform calibre throughout, 
but more often subject to al- 
terations of form and capa- 
city in different portions’ of 
its course,—the most char- 
acteristic and constant being 
the division into an upper 


Fie, 13.—Diagrammatic Plan 
of the general arrange- 
ment of the Alimentar 
Canalinatypical Mammal, 
0, esophagus; st, stomach , 
p, pylorus; ss, small in- 
testine (abbreviated); ¢, 
cecum; U, large intestine 
or colon, ending in r, the 
rectum, 


and narrower and a lower and wider portion, called | 


respectively the small and the large intestine, the for- 
mer being divided quite arbitrarily and artificially into 
duodenum, jejunum, and ileum, and the latter into 
colon and rectum. One of the most striking peculia‘ities 
of this part of the alimentary canal is the frequent 
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presence of a diverticulum or blind pouch, the caput 
cocum coli, as it was first called, a name generally abbre- 
viated into ‘‘czecum,”’ situated at the junction of the 
large and the small intestine, a structure presenting an 
immense variety of development, trom the smatlest bulg- 
ing of a portion of the side wall of the tube to a huge 
and complex sac, greatly exceeding in capacity the. re- 
mainder of the alimentary canal. It is only in herbivo- 
rous animals that the caecum is developed to this great 
extent, and among these there is a curious complemen- 
tary relationship between the size and complexity of the 
organ and that of the stomach. Where the latter 
is simple the caecum is generally the largest, and vice 
versa. Both ceecum and colon are often sacculated, a 
disposition caused by the arrangement of the longitu- 
dinal bands of muscular tissue in their walls; but the 
small intestine is always smooth and simple-walled 
externally, though its lining membrane often exhibits 
various contrivances for increasing the absorbing sur- 
face without adding to the general bulk of the organ, 
such as the numerous small villi by which it is every- 
where beset, and the more obvious transverse, longi- 
tudinal, or reticulating folds projecting into the interior, 
met with in many animals, of which the ‘‘ valvulee 
conniventes’’ of Man form well-known examples. Be- 
sides the crypts of Lieberkuhn found throughout the 
intestinal canal, and the glands of Brunner confined to 
the duodenum, there are other structures in the 
mucous membrane, about the nature of which there 
is still much uncertainty, called “* solitary ’’ and ‘‘ agmi- 
nated’’ glands, the latter more commonly known by 
the name of ‘‘ Peyer’s patches.’’ ‘These were formerly 
supposed to be secretory organs, which discharged some 
kind of fluid into the intestine, but are now more 
generally considered to belong to the group of structures 
of somewhat mysterious function of which the lym- 
phatic and lacteal glands are members. The solitary 
glands are found scattered irregularly throughout the 
whole intestinal tract; the agminated, on the other 
hand, are always confined to the small intestine, and 
are most abundant in its lower part. They are subject 
to%reat variation in number and in size, and even in 
different individuals of the same species, and also differ 
in character at different periods of life, becoming 
atrophied in old age. 

The distinct glands situated outside of the walls of 
the intestinal canal, but which pour their secretion into 
it, are the pancreas and the liver. The latter is piyey 
the most important on account of its size, if not ; 
on account of the direct action of its secretion in the 
digestive process. This large gland, so complex in 
structure and function, is well developed in all mam- 
mals, and its secreting duct, the bile duct, always 
opens into the duodenum or that portion of the canal 
which immediately succeeds the stomach. It is situated 
in the right side of the abdomen in contact with the 
diaphragm and the stomach, but varies greatly in 
relative size, and also in form, in different groups of 
mamials. In most mammals a gall-bladder, consisting 
of a pyriform diverticulum from the gall duct, is 
present, but in many it is wanting, and it is difficult to 
find the rationale of its presence or absence in relation 
to use or any other circumstance in the animal 
economy. 

The descriptions of the livers of various animals to 
be met with in treatises or memoirs on comparative 
anatomy are very difficult to understand for want of a 
uniform system of nomenclature. The difficulty usu- 
ally met with arises from the cifcumstance that this 
organ is divided sometimes, as in Man, Ruminants, 
and the Cetacea, into two main lobes, which have been 
always called respectively right and left, and in other 
cases, as in the lower Monkeys, Carnivora, Insectivora, 
and many other orders, into a larger number of lobes. 
Among the latter the primary division usually appears 
at first sight tripartite, the whole organ consisting of a 
‘middle, called ‘‘cystic’’ or ‘‘suspensory’’ lobe, and 
‘two lateral lobes, called respectively right and left 
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lobes. This introduces confusion in describing livers 
by the same terms throughout.the whole series of 
mammals, as the right and left lobes of the Monkey 
or Dog, for instance, do not correspond with parts 
designated by the same name in Man and the Sheep. 
There are. moreover, conditions in which neither the 
bipartite nor the tripartite system of nomenclature will 
answer, which we should have considerable difficulty in 
describing without some more general system. In 
order to arrive at such a system it appears desirable to 
consider the liver in all cases as primarily divided by 
the umbilical vein (see fig. 14, «) into two segments, 
right and left. This corresponds with its development 
and with the condition characteristic of the organ in 
the inferior classes of vertebrates. The situation of 
this division can almost always be recognized in adult 
animals by the persistence of some traces of the um- 
bilical vein in the form of the round ligament, and by 
the position of the suspensory ligament. 

When the two main parts into which the liver is 
thus divided are entire, as in Man, the Ruminants, and 
Octucea, they may be spoken of as the right and left 
lobes; when fissured, as the right and left segments of 
the liver, reserving the term lobe for the subdivisions. 
This will involve no ambiguity, for the terms right and 
left lobe will no longer be used for divisions of the 
more complex form of liver. In the large majority of 
mammals each segment is further divided by a fissure, 


Fic. 14.---Diagrammatie Plan of the Inferior Surface of a Multi- 
lobed Liver of a Mammal. The posterior or attached border is 
uppermost. wu, umbilical vein of the foetus, represented by the 
round ligament in the adult, lying in the umbilical fissure ; dv, 
the ductus venosus; vc, the inferior vena cava; p, the vena 
porte entering the transverse fissure; ///, the left lateral fis- 
sure; r/f, the right lateral fissure; cf, the cystic fissure; J, the 
left lateral lobe; /c, the left central lobe; re, the right central 
lobe; ri, the right lateral lobe ; s, the Spigelian lobe; c, the cau- 
date lobe; g, the gall-bladder. 


more or less deep, extending from the free towards the 
attached border, which are called right and left lateral 
fissures (fig. 14, Jf and I/f). When these are more 
deeply cut than the umbilical fissure (w), the organ 
has that tripartite or trefoil-like form just spoken 
of, but it is easily seen that it is really divided into 
four regions or lobes, those included between the la- 
teral fissures being the right and left central (7¢ and Jc) 
separated by the umbilical fissure, and those beyond 
the lateral fissures on each side being the right and 
left lateral lobes (77 and 7). he essentially bipartite 
character of the organ and its uniformity of construc- 
tion throughout the'’class are thus not lost sight of, even 
in the most complex forms. ‘The left segment of the 
liver is rarely complicated to any further extent, except 
in some cases by minor or secondary fissures marking 
off small lobules, generally inconstant and irregular, 
and never worthy of any special designation. On the 
other hand, the right segment is usually more com- 
plex. The gall-bladder, when present, is always 
attached to the under surface of the right central lobe, 
sometimes merely applied to it, in other cases deeply 
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embedded in its substance. In many cases the fossa 
in which it is sunk is continued to the free margin of 
the liver as an indent, or even a tolerably deep fissure 
(cf). The portal fissure (p), through which the por- 
tal vein and hepatic artery enter and the gall duct 
emerges from the liver, crosses this lobe transversely, 
near the attached border of the liver. The right 
lateral lobe always has the great vena cava (vc) either 
grooving its surface or tunnelling through its substance 
near the inner or left end of its attached border; and a 
prolongation of the lobe to the left, between the vein and 
the portal fissure, sometimes a mere flat track of hepatic 
substance, but more often a prominent tongue-shaped 
process, is the so-called ‘‘Spigelian lobe” (s). From 
the under surface of the right lateral lobe a portion is 
generally partially detached by a fissure, and called the 
‘‘ caudate lobe’’ (c). In man this is almost obsolete, 
but in most mammals it is of considerable magnitude, 
and has very constant and characteristic relations. It 
is connected by an isthmus at the left (narrowest or 
attached) end to the Spigelian lobe, behind which isth- 
mus the vena cava is always in relation to it, channel- 
ling through or grooving its surface. It generally has 
a pointed apex, and is deeply hollowed to receive the 
right kidney, to the upper and inner side of which 
it is applied. 

Considerations derived from the comparatively 
small and simple condition of the liver of the Ungu- 
lates, compared with its large size and complex form 
in the Carnivora, have led to the perhaps too hasty 
generalization that the first type is related to a herbiv- 
orous and the latter to a carnivorous diet. The excep- 
tions to such a proposition are very numerous. ‘The 
fact of the great difference between the liver of the 
Cetacea and that of the Seals cannot be accounted for 
by difference of habits of life, though it perhaps may 
be by difference of origin, upon the supposition that 
the former are modifications of the primary branch of 
mammals from which the Ungulates, and the latter of 
that from which the Carnivora, are derived.' 


CrecuLATORY, ABSORBENT, RESPIRATORY, AND 
URINARY SYSTEMS. 

The blood of mammals is always red, and during 
the life of the animal hot, having a nearly 
uniform temperature, varying within a few Bloods 
degrees on each side of 100° Fahr. The corpuscles 
are, as usual in vertebrates, of two kinds :—(1) color- 
less, spheroidal, nucleated, and exhibiting amceboid 
movements ; while (2) the more numerous, on which 
depends the characteristic hue of the fluid in which 
they are suspended, are colored, non-nucleated, flat- 
tened, slightly biconcave disks, with circular outline 
in all known species except the Camels and Llamas, 
where they have the elliptical form characteristic of 
the red corpuscles of nearly all the other vertebrates, 
though adhering to the mammalian type in absence of 
nucleus and relatively small size. As arule they are 
smaller as well as more numerous than in other classes, 
but vary considerably in size in different species, and 
not always in relation to the magnitude of the animal, 
a Mouse, for instance, having as large corpuscles as a 
Horse. Within the limits of any natural group there 
is, however, very often some such relation, the largest 
corpuscles being found among the large species and 
the smallest corpuscles among the small species of the 
group, but even to this generalization there are many 
exceptions. he transverse diameter of the red cor- 
puscles in Man averages gx'55 of an inch, which is 
exceptionally large, and only exceeded by the elephant 
(zzz), and by some Cetacea and Edentata. They are 
also generally large in Apes, Rodents, and the Mono- 
tremata, and small in the Artiodactyles, least of all 


1 See “ Lectures on the Comparative Anatomy of the Organs of 
Digestion of the Mammalia,” Medical Times and Gazette, Feb.—Dec.. 
1872. 
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in the Chevrotains (T7ragulus), being in 7. gavanicus 
and meminna not more than zrz}2s.1 
The heart of mammals consists of four distinct cavi- 
Feast ties, two auricles and two ventricles. Usu- 
. ally the ventricular portion is externally of 
conical form, with a simple apex, but in the Sirenia it 
is broad and flattened, and a deep notch separates the 
apical portion of each ventricle. A tendency to this 
form is seen in the Cetacea and the Seals. Itis char- 
acteristic of mammals alone among vertebrates that the 
right auriculo-ventricular valve is tendinous like the left, 
consisting of flaps held in their place by fibrous ends 
(chordee tendinece) which arise from projections from 
the muscular walls of the ventricular cavity, (museul/ 
pupillares). Inthe Monotremata a transition between 
this condition and the simple muscular flap of the 
Sawopsida is observed. In most of the larger 
Ungulates a distinct but rather irregular ossification is 
developed in the central tendinous portion of the base 
of the heart. 
The orifices of the aorta and pulmonary artery are 
each guarded by three semilunar valves. 
aa The aorta is single, and arches over the 
left bronchial tube. After supplying the 
tissues of the heart itself with blood by means of the 
coronary arteries, it gives off large vessels ( ‘‘ carotid’’) 
to the head and (‘‘ brachial’’) to the anterior extremi- 
ties. The mode in which these vessels arise from the 
aorta varies much in different mammals, and the 
study of their disposition affords some guide to classi- 
fication. In nearly all cases the brachial and 
carotid haye a common origin (called ‘‘innominate 
artery’’ in anthropotomy). The other two vessels 
may come off from this, as is the rule in Ungulates, 
the common trunk constituting the ‘‘anterior aorta’’ 
of veterinary anatomy; or they may be detached in 
various degrees, both arising separately from the aorta, 
as in Man, or the left carotid from the innominate and 
the left brachial from the aorta, a very common 
arrangement, or the last two from a common second 
or left innominate as in some Bats and Insectivores. 
The aorta, after giving off the intercostal arteries, 
passes through the diaphragm into the abdomen, and, 
after supplying the viscera of that cavity by means of 
the gastric, hepatic, splenic, mesenteric, renal, and 
spermatic vessels, gives off in the lumbar region a 
large branch (iliac) to each of the hinder extremities, 
which also supplies the pelvic viscera, and is continued 
onwards in the middle line, greatly diminished in size, 
along the under surface of the tail. In certain mam- 
mals, arterial plexuses, called retia mirabilia, formed 
by the breaking up of the vessel into an immense 
number of small trunks, which may run in a straight 
course parallel to one another (asin the limbs of Sloths 
and Slow Lemurs), or form a closely-packed network, 
as in the intracranial plexuses of Ruminants, or a 
sponge-like mass of convoluted vessels, as in the inter- 
costals of Cetaceans, aré peculiarities of the vascular 
system the meaning of which is not in all cases clearly 
understood. In the Cetacea they are obviously recep- 


tacles for containing a large quantity of oxygenated 


blood available during the prolonged immersion, with 
cet absence of respiration, to which these 
animals are subject. 

The vessels which return the blood to the heart from 
the head and upper extremities usually unite, as in 
Man, to form the single vena cava superior or precaval 


vein, but in some Insectivores, Chiroptera, and Ro- | 


dents, and in the Hlephant, and all Marsupials and 
Monotremes, the two superior caval yeins enter the 
right auricle without uniting, as in birds. In Seals 
and some other diving mammals there is a large 
venous sinus or dilatation of the inferior cava immedi- 
ately below the diaphragm. In the Cetacea, the 
purpose of this is supplied by the immense abdominal 
venous plexuses. As a rule the veins of mammals are 


1G. Gulliver, Proc. Zool. Soc., 1862, p. 91. 
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furnished with valves, but these are said to be alto- 
gether wanting in the Cetacea, and in the superior and 
inferior cava, subclavian and iliac veins, the veins of 
the liver (both portal and hepatic), heart, lungs, kid- 
neys, brain, and spinal cord of other mammals. Many 
of the veins within the cranium are included in spaces 
formed by the separation of the laminz of the dura 
mater, and do not admit of being dilated beyond a 
certain size; these are termed sinuses. The portal 
circulation in mammals is limited to the liver, the 
portal vein being formed by the superior and inferior 
mesenteric, the splenic, the gastro-epiploic, and the 
pancreatic veins. ‘The kidney is supplied solely by 
arterial blood, and its yeins empty their contents only 
into the inferior cava. 

The absorbent or lymphatic system of vessels is very 
completely developed in the Mammalia. 
Its ramifications extend through all the 
soft tissues of the body, and convey a color- 
less fluid called lymph, containing nucleated corpuscles, 
and also, during the process of digestion, the chyle, a 
milky fluid taken up by the lymphatics (here called 
lacteals) of the small intestine, and pour them into the 
general vascular system, where they mix with the 
venous blood. The lymphatic vessels of the hinder 
extremities, as well as those from the intestinal canal, 
unite in the abdomen to form the ‘‘ thoracic duct,’ 
the hinder end or commencement of which has a dila- 
tation called the receptaculum chyli. The duct, which 
is of irregular size and sometimes double, often dividing 
and uniting again in its course, or even becoming 
plexiform, passes forwards close to the bodies of the 
thoracic vertebrae, and empties itself, by an orifice 
guarded by a valve, into the great left brachiocephalic 
vein, having previously received the lymphatics from 
the thorax and the left side of the head and left ante- 
rior extremity. Those from the right side of the head 
and right anterior limb usually enter by a small dis- 
tinct trunk into the corresponding part of the right 
brachiocephalic vein. The duet, also the principal 
lymphatic vessels, are provided with valves. 

Lymphatic glands, rarely met with in the Sawro- 
psida, are usually present in mammals, both in the gen- 
eral and in the lacteal system, the latter being called 
‘* mesenteric glands.’’ They are round or oval masses, 
situated upon the course of the vessels, which break 
up in them and assume a plexiform arrangement, and 
then reunite as they emerge. No structures corre- 
sponding to the pulsating ‘‘lymphatic hearts’’ of the 
lower vertebrates have been met with in mammals. 

Associated with the vascular and lymphatic systems 
are certain bodies, the functions of which 
are not properly understood, and which are 
usually, on account of their general appear- 
ance, grouped together under the name of ‘‘ ductless 
glands.’’ Of these the ‘‘spleen’’ is the largest, and 
single, always placed in mammals in relation to the 
fundus or left end of the stomach, to which it is at- 
tached bya fold of peritoneum. It is dark-colored and 
spongy in substance, and has adepression on one side 
or ‘‘hilus,’’ into which the splenic artery, a branch of 
the coeliac axis of the abdominal aorta, enters, and from 
which the vein, which joins the portal system, emerges. 
It varies much in size and form in different mammals, 
being relatively very small in the Cetacea. It is some- 
times almost spherical, but more often flattened, oval, 
triangular, or elongated, and occasionally, as in Mono- 
tremes and most Marsupials, tri-radiate. The ‘‘ supra- 
renal bodies’”’ or ‘‘adrenals’’ are two in number, each 
situated either in contact with or at a short distance 
in front of the anterior extremity of the kidney. They 
are abundantly supplied with nerves, and are much 
larger relatively in early than in adult life. The 
re hyroid body,” or rather bodies, for there are gene- 
rally two, though in Man and some other species con- 
nected by an isthmus passing across the middle line, | 
are constant in mammals, though only met with in a 
rudimentary condition, if at all, in other vertebrates. 


Lymphatic 
vessels, 


Ductless 
glands. 


368 


They are situated in the neck, in contact with the sides 
of the anterior extremity of the trachea. The ‘‘thy- 
mus’”’ lies in the anterior part ofthe thorax, between 
the sternum and the great vessels at the base of the 
heart, and differs from the thyroid in being median 
and single, and having a central cavity. - It attains its 
greatest development during the period of lactation, and 
then diminishes and generally disappears before full 
growth is attained. 

Respiratory Organs.—Mammals breathe occasion- 
Nostrils, ally through the mouth, but usually, and 

in many cases exclusively, through the nos- 
trils or nares. These are apertures, always paired 
(except in the toothed Cetacea, where they unite to 
form a single external opening), and situated at the 
fore part of the face, generally at or beneath the end 
of the muzzle, a median prominence above the mouth. 
‘his is sometimes elongated to form a proboscis, to the 
extremity of which the nostrils are carried, and which 
attains its maximum of development in the Klephant. 
In the Cetacea the nostrils are situated at a considera- 
ble distance behind the anterior end of the face, upon 
the highest part of the head, and are called ‘‘ blow- 
holes,’’ from the peculiar mode of respiration of these 
animals. The nostrils are kept open by means of car- 
tilages which surround their aperture, and which many 
animals have the power of moving so as to cause par- 
tial dilatation or contraction. In diving animals, as 
Seals and Cetacea, they can be completely closed at 
will so as to prevent the entrance of water when 
beneath the surface. The passage to which the nos- 
trils lead is in most mammals filled by a more or less 
complex sieve-like apparatus, formed of the convoluted 
turbinal bones and cartilages, over which a moist, vas- 
cular, ciliated mucous membrane is spread, and which 
intercepts particles of dust, and also aids in warming 
the inspired air before it reaches the lungs. In the 
Proboscidea, in which these functions are performed 
by the walls of the long tubular proboscis, this appara- 
tus is entirely wanting. he narial passages have the 
organ of smell situated in their upper part and com- 
municate posteriorly with the pharynx, and through 
the glottis with the ‘‘ trachea’ or windpipe, 
a tube by which the air is conveyed to and 
from thelungs. ‘The permanent patency of the trachea 
during the varied movements of the neck is provided 
for by its walls being stiffened bya series of cartilagi- 
nous rings or hoops, which in most mammals are in- 
complete behind. Having entered the thorax, the 
trachea bifurcates into the two bronchi, one of which 
enters, and, dividing dichotomously, ramifies through, 
each lung. In some of the Cetucea and Artiodactyla 
a third bronchus is given off from the lower part of the 
trachea, above its bifurcation, and enters the right 
lung. 

The upper end of the trachea is modified into the 
organ of voice or “‘ larynx,” the air pass- 
ing through which to and from the lungs is 
made use of to set the edges of the ‘‘ vocal cords,”’ 
fibrous bands stretched one on each side of the tube, 
into vibration. The larynx is composed of several car- 
tilages, of which the ‘‘thyroid,” the ‘‘ cricoid,’” and 
the “‘arytenoid’’ are the principal, moved upon one 
another by muscles, and suspended trom the hyoidean 
arch. By alteration of the relative position of these 
cartilages the cords can be tightened or relaxed, ap- 
proximated or divaricated, as required to modulate the 
tone and volume of the voice. A median tongue- 
shaped fibro-cartilage at the top of the larynx, the 
‘epiglottis,’’ protects the ‘‘ glottis,’’ or aperture by 
which the larynx communicates with the pharynx, 
from the entry of particles of food during deglutition. 
The form of the larynx and development of the vocal 
cords present many variations in different members of 
the class, the greatest modification from the ordinary 
type being met with in the Cetacea, where the aryte- 
noid cartilages and epiglottis are united in a tubular 
manner, project into the nasal passage, and being 
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grasped by the muscular posterior margin of the palate, 
Pe a direct channel of communication from the 
ungs to the external surface. An approach to this 
condition is met with in the Hippopotamus and some 
other Ungulates. Nearly all mammals have a voice 
although sometimes it is only exercised at seasons of 
sexual excitement. Some Marsupials and Kdentates 
appear to be quite mute. In no mammal is there an 
inferior larynx, or ‘‘ syrinx,’’ as in birds. 

The thoracic cavity of mammals differs from that of 
the Sauropsida in being completely sepa- 
rated from the abdomen by a muscular 
partition, the ‘‘diaphragm,”’ attached to the vertebral 
column, the ribs, and the sternum. This is much 
arched, with the convexity towards the thorax, so that 
when its fibres contract it is flattened and the cavity 
of the thorax increased, and when they are relaxed the 
cavity is diminished. The lungs are suspended freely 
in the thorax, one on each side of the heart, 
being attached only by the root, which con- 
isists of the bronchus or air-tube, and pulmonary ar- 
teries and veins by which the blood is passed back- 
wards and forwards between the heart and the lungs. 
The remaining part of the surface of each lung is coy- 
ered by serous membrane, the ‘‘ pleura,” and, whatever 
the state of distension or contraction of the chest-wall, 
is accurately in contact with it. Inspiration is effected 
by the contraction of the diaphragm, and by the inter- 
costal and other muscles elevating or bringing forward 
the ribs, and thus throwing the sternum farther away 
from the vertebral column. As the surface of the 
lung must follow the chest-wall, the organ is itself ex- 
panded, and air rushes in through the trachea to fill 
all the minute cells in which the ultimate ramifications 
of the bronchi terminate. In ordinary expiration very 
little muscular power is expended, the elasticity of the 
lungs and surrounding parts being sufficient to cause a 
state of contraction and to drive out at least a portion 
of the air contained in the cells, when the muscular 
stimulus is withdrawn. The lungs are sometimes 
simple externally, as in the Sirenta (where they are 
greatly elongated) and the Cetacea, but they are more 
often divided by deep fissures into one or more lobes. 
The right lung is usually larger and more subdivided 
than the left. It often has a small distinet lobe be- 
hind, wanting on the left side, and hence called lobulus 
AZY GOS. 

Most mammals have in connection with the air pas- 
sages certain diverticuli or pouches contain- 
ing air, the use of which is not always easy 
to divine. The numerous air sinuses situated between 
the outer and inner tables of the bones of the head, 
which in Man are represented by the antrum of High- 
more and the frontal and sphenoidal sinuses, and which 
attain their maximum of development in the Indian 
Elephant, are obviously for the mechanical purpose of 
allowing expansion of the bone surface without the in- 
crease of weight. They are connected with the nasal 
passages. The Eustachian tubes pass from the back 
of the pharynx into the cavity of the tympanum, into 
which and the mastoid cells they allow air to pass. 
In the Hyuide there are large post-pharyngeal air 
sacs in connection with them. he Dolphins have an 
exceedingly complicated system of air sacs in connec- 
tion with the nasal passages just within the nostrils, 
and the Tapir and Horses have blind sacs in the same 
situation. In the males of some Seals (Cystophora 
and Macrorhinus) large pouches, which the animal can 
inflate with air, but which at other times are flaccid, 
and which are not developed in the young animal or 
the female, arise from the upper part of the nasal Naty 
sages, and lie immediately under the skin of the face. 
These are very analogous, although not in the same 
situation, to the gular pouch of the male Bustard. 
The larynx has frequently membranous pouches in con- 
‘nection with it, into which air passes. These may be 
‘lateral and opening just above the vocal cords, consti- 
‘tuting the sacculi laryngis, found in a rudimentary 
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state in Man, and attaining an enormous development, 
reaching to the shoulders and axilla, in some of the 
Anthropoid Apes; or they may be median, opening in 
front either above or below the thyroid and cricoid car- 
tilages, as inthe Howling and other Monkeys, and also 
in the Whalebone Whales and Great Anteater. 
Urinary Organs.—The kidneys of mammals are 
more compact and definite in form than 
in other vertebrates, being usually more or 
less oval, with an indent on the side turned towards 
the middle line from and into which the vessels and 
duets pass. ‘They are distinctly divided into a cortical 
secretory portion, composed mainly of convoluted tubes, 
and containing Malpighian bodies, and a medullary 
excreting portion, formed of straight tubes converging 
towards a papilla, embraced by the commencement of 
the ureter or duct of the organ. The kidneys of some 
mamunals, as most Monkeys, Carnivores, Rodents, ete., 
are simple, with a single papilla into which all the 
renal tubuli enter. In others, as Man, there are many 
pyramids of the medullary portion, each with its pa- 
pilla, opening into a division (calyx) of the upper end 
of the ureter. Such kidneys are, either in the embry- 
onic condition only or throughout life, lobulated on the 
surface. In some cases, as in Bears, Seals, and es- 
pecially the Cetacea, the lobulation is carried further, 
the whole organ being composed of a mass of renules, 
loosely united by connective tissue, and with separate 
ducts, which soon join to form the common ureter. In 
all mammals except the Monotremes the ureters termi- 
nate by slit-like valvular openings in the urinary blad- 
Bladder, er. ‘This receptacle when filled discharges 
its contents through the single median ure- 
thra, which in the male is almost invariably included 
in the penis, and in the females of some species of 
Rodents, Insectivores, and Lemurs has a similar rela- 
tion to the clitoris. In the Monotremes, though the 
bladder is present, the ureters do not enter into it, but 
into the urogenital canal some distance below it, the 
orifice of the genital duct intervening, 
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The brain of mammals shows a higher condition of 
Brain. organization than that of other vertebrates. 
The cerebral hemispheres have a greater 
preponderance compared to other parts, especially to 
the so-called optic lobes, or corpora quadrigemina, 
which are completely concealed by them. ‘The com- 
missural system of the hemispheres is much more 
complete, both fornix and corpus callosum being pres- 
ent in some form ; and, when the latter is rudimentary. 
as in Marsupials and Monotremes, its deficiency is 
made up for by the great size of the anterior commis- 
sure. The lateral lobes of the cerebellum, wanting in 
lower vertebrates, are well developed and connected by 
atransverse commissure, the pons Varolii. ‘The whole 
brain, owing especially to the size of the cerebral hemi- 
spheres, is considerably larger relatively to the bulk of 
the animal than in other classes, but it must be recol- 
lected that the size of its brain depends upon many 
circumstances besides the degree of’ intelligence which 
an animal possesses, although this is certainly one. 
Man’s brain is many times larger than that of all other 
known mammals of equal bulk, and even three times 
as large as that of the most nearly allied Ape. Equal 
bulk of body is here mentioned, because, in drawing 
any conclusions from the size of the brain compared 
with that of the entire animal, it is always necessary to 
take into consideration the fact that in every natural 


_ group of closely allied animals the larger species have 


much smaller brains relatively to their general size 
than the smaller species, so that, in making any eftec- 
tive comparison among animals belonging to different 
groups, species of the same size must be sclected. It 


- may be true that the brain of a Mouse is, as compared 


with the size of its body, larger than that of a Man, 
Vou. XV.—706 
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but, if it were possible to reduce an animal having the 
general organization of a Man to the size of a Mouse, 
its brain would doubtless be very many times larger ; 
and conversely, as shown by the vapid diminution of 
the relative size of the brain in all the large members 
of the Rodent order, a Mouse magnified to the size of 
a Man would, if the general rule were observed, have 
a brain exceedingly inferior in volume. Although the 
brain of the large species of Whales is, as commonly 
stated, the smallest in proportion to the bulk of the 
animal of any mammal, this does not invalidate the 
general proposition that the Cetacea have very large 
brains compared with terrestrial mammals, as the 
Ungulata, or even the aquatic Sirenia, as may be 
proved by placing the brain of a Dolphin by the side 
of that of a Sheep or Pig, or a Manatee of equal gen- 
eral weight. It is only because the universally ob- 
served difference between the slower ratio of increase 
of the brain compared with that of the body becomes 
so enormous in these immense creatures that they are 
accredited with small brains. 

The presence or absence of ‘‘sulci’’ or fissures on 
the surface of the hemisphere, dividing it into ‘‘ con- 
volutions’’ or “‘gyri,’’ and increasing the superficies 
of the cortical gray matter, as well as allowing the pia 
mater with its nutrient bloodvessels to penetrate into 
the cerebral substance, follow somewhat similar rules. 
They are related partly to the high or low condition of 
organization of the species, but also in a great degree 
to the size of the cerebral hemispheres. In very small 
species of all groups, even the Primates, they are 
absent, and in the largest species of groups so low in 
the scale as the Marsupials and Edentates they are 
found. They reach their maximum of development in 
the Cetacea. 

The researches of paleeontologists, founded upon 
studies of casts of the interior of the cranial cavity of 
extinct forms, have shown that, in many natural 
groups of mammals, if not in all, the brain has 
increased in size, and also in complexity of surface 
foldings, with the advance of time,—indicating in 
this, as in so many other respects, a gradual progress 
from a lower to a higher type of development. 

The twelve pairs of cranial nerves generally recog- 
nized in vertebrates are all usually found 
in mammals, though the olfactory nerves 
are excessively rudimentary, if not altogether absent, 
in the Toothed Whales. ‘The spinal cord, or continua- 
tion of the central nervous axis, lies in the canal 
formed by the neural arches of the vertebrae, and 
gives off the compound double-rooted nerves of the 
trunk and the extremities corresponding in number to 
the vertebrae, through the interspaces between which 
they pass out to their destination. ‘lhe cord is some- 
what enlarged at the two points where it gives off the 
ereat nerves to the anterior and the posterior extremi- 
ties, which from their interlacements soon after their 
origin are called respectively the brachial and lumbar 
plexuses. The ganglionic or sympathetic portion of 
the nervous system is well developed, and presents 
few modifications. 

The sense of touch is situated in the skin generally, 
but is most acute in certain regions more 
or less specialized for the purpose by the 
presence of tactile papillae, such as portions 
of the face, especially the lips and end of the snout, 
and the extremities of the limbs when these are used 
for other purposes than mere progression, and the 
under surface of the end of the tail in some Monkeys. 
The ‘‘vibrisse’’ or long stiff bristles situated on the 
face of many mammals are rendered extremely sensi- 
tive to touch by the abundant supply of branches 
from the fifth nerve to their basal papillae. In Bats, 
the extended wing membranes, and probably also the 
large ears and the folds and prominences of skin about 
the face of some species, are so sensitive as to receive 
impressions even from the different degrees of resist- 
ance of the air, and so enable the animals to avoid 
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coming in contact with obstacles to their nocturnal 
flight. 

he organs of the other special senses are confined to 
the head. ‘Taste is situated in the papillae 
scattered on the dorsal surface of the tongue. 
The organ of smell is present in all mam- 
mals except the ‘lvothed Whales. It consists of a 
ramification of the olfactory nerves over a plicated, 
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moist, mucous membrane, supported by folded plates | 


of bone, placed on each side of the septum nasi in the 
roof, or often in a partially distinct upper chamber of 
the nasal passage, so arranged that, of the air passing 
‘into the lungs in inspiration, some comes in contact 
with it, causing the perception of any odorous parti- 
cles with which it may be charged: Many mammals 
possess intense powers of smelling certain odors which 
others are quite unable to appreciate, and the influence 
which this sense exercises over the wellbeing of many 
species is very great, especially in indicating the 
proximity of others of the same kind, and giving 
warning of the approach of enemies. ‘The develop- 
ment and modification of the sense of smell is prob- 
ably associated with that of the odorous secretion of 
the cutaneous glands. 

The organ of sight is quite rudimentary, and even 
Sight, concealed beneath the integument, in some 

burrowing Rodents and Insectivores, and is 
most imperfectly developed in the Platanista, or 
Freshwater Dolphin of the rivers of India. In all 
other mammals the eyeball has the structure charac- 
teristic of the organ in the higher Vertebrata, consist- 
ing of parts through which the rays of light are 
admitted, regulated, and concentrated upon the sensi- 
tive expansion of the optic nerve lining the posterior 
yart of the ball. A portion of the fibro-vascular and 
fehy pigmented layer, the choroid, which is inter- 
posed between the retina and the outer sclerotic coat, 
is In many mammals modified into a brilliantly colored 
light-reflecting surface, the tapetum lucidum. There 
is never a pecten or marsupium, as in the Sawropsida, 
nor is the sclerotic ever supported by a ring of flat- 
tened ossicles, as is so frequently the case in the lower 
vertebrated classes. ‘The eyeball is moved in various 
directions by a series of muscles—the four recti, two 
obliqui, and, except in the higher Primates, a posterior 
retractor muscle called choanoid. It is protected by 
the lids, generally distinctly separated into an upper 
and a lower movable flap, which, when closed, meet 
over the front of the eye in a more or Jess horizontal 
line; but sometimes, as in the Svrenia, the lids are 
not distinct, and the aperture is circular, closing to a 
point. In almost all mammals below the Primates, 
except the Cetacea, a ‘‘nictitating membrane” or third 
eyelid is placed at the inner corner of the eyeball, and 
works horizontally across the front of the ball within 
the true lids. Its action is instantaneous, being ap- 
parently for the purpose of cleaning the front of the 
transparent cornea, a function which is unnecessary in 
animals whose eyes are habitually bathed in water, 
and which in Man and his nearest allies is performed 
by winking the true eyelids. Except in Cetacea the 
surface 1s kept moist by the secretion of the lacrymal 
gland, placed under the upper lid at its outer side, 
and the lids are lubricated by the Harderian and 
Meibomian glands, the former being situated at the 
inner side of the orbit, and especially related to the 
nictitating membrane, the latter in the lining mem- 
brane of the lids. 

The organ of hearing is inclosed in a bony capsule 
(periotic) situated in the side of the head, 
intercalated between the posterior (occipital) 
and the penultimate (parietal) segment of the skull. 
Tt has, in common with other vertebrates, three semi- 
circular canals and a vestibule, but the cochlea is more 
fully developed than in Sawropsida, and, except in 
the Monotremes, spirally convoluted. ‘The tympanic 
cavity is often dilated below, forming a smooth rounded 
prominence on the base of the skull, the tympanic 
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bulla. The three principal ossicles, the ‘‘ malleus,’’ 
‘‘incus,’’ and ‘‘stapes,’’ are always present, but vari- 
able in characters. In the Sirenia, Cetucea, and Seals 
they are massive in form, being in the first-named 
order of larger size than in any other mammals. In 
the Cetacea the malleus is ankylosed to the tympanic ; 
in other mammals it is connected only with the mem- 
brana tympani. The stapes in the lower orders— 
Edentates, Marsupials, and Monotremes—has a great 
tendency to assume the columnar form of the corre- 


sponding bone in Sawropsida, its two rami entirely or 


partially coalescing.! The tympanic membrane (drum 
of the ear) furms the outer wall of the cavity. In the 
foetal state it is level with the external surface of the 
skull, and remains so permanently in a few mamuials, 
as the American Monkeys; but commonly, by the 
growth of the squamosal bone, it becomes deeply 
buried at the bottom of a bony tube (meatus audi- 
torius externus), which is continued to the surface of 
the skin in a fibrous or fibro-cartilaginous form. In 
Whales, owing to the thickness of the subcutaneous 
adipose tissue, this is of great length, and is also 
extremely narrow. In most aquatic and burrowing 
animals the meatus opens upon the surface by a 
simple aperture, but in the large majority of the class 
there is a projecting fold of skin, strengthened by 
fibro-cartilages, called the pinna or auricle, or ‘‘ex- 
ternal ear,’’ of very variable size and shape, generally 
movably articulated on the skull, and provided with 
muscles to yary its position, as it helps to collect and 
direct the vibrations of sound into the meatus. 


REPRODUCTIVE ORGANS. 


In the male the testes retain nearly their primitive 
or internal position throughout life in the 
Monotremata, Sirenia, Cetacea, most Eden- 
tata, Hyracoidea, Proboscidea, and Seals, but in other 
orders they either periodically (as in Rodentia, Luseeti- 
vora, and Chiroptera) or permanently pass out of the 
abdominal cavity through the inguinal canal, forming 
a projection beneath the skin of the perineum, or be- 
coming suspended in a distinct pouch of the integu- 
ment called scrotum. All the Marsupials have a. 
pedunculated scrotum, the position of which differs 
from that of other mammals, being in front of, instead 
of behind the preputial orifice. The presence, absence, 
or comparative size and number of the accessory 
generative glands—prostate, vesicular, and Cowper’s 
glands, as they are called—vary much in different 
eroups of mammals. The penis is almost always 
completely developed, consisting of two cor- 
pora cavernosa attached to the ischial bones, 
and of a median corpus spongiosum inclosing the 
urethra, and forming the glans at the distal portion of 
the organ. In Marsupials, Monotremes, and the 
Sloths and Anteaters, the corpora cavernosa are not 
attached directly to the ischia, and in the last-named 
the penis is otherwise of a very rudimentary character, 
the corpus spongiosum not being present. In many 
Marsupials the glans penis is bifurcated. In most 
Primates, Carnivora, Rodentia, Insectivora, and Chi- 
roptera, but in no other orders, an os penis is present. 

ie the female, the ovaries retain permanently their 
original abdominal position, or only descend 
a short distance into the pelvis. They are _and 
of comparatively smaller size than in other oviduct. 
vertebrates, and have a definite flattened oval form, 
and are inclosed in a more or less firm ‘? tunica albu- 
ginea.’”’ The oviduct has a trumpet-like, and usually 
fimbriated abdominal aperture, and is more or less 
differentiated into three portions:—(1) a contracted 
upper part, called in Man and the higher mammals 
‘Fallopian tube’ ; (2) an expanded part with muscu- 
lar walls, in which the ovum undergoes the changes 
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by which it is developed into the foetus, called the 
“uterus”; (3) a canal, the ‘‘ vagina,”’ separated from 
the last by a valvular aperture, and terminating in the 
urino-genital canal, or common urinal and genital 
passage, which in higher mammals is so short as 
scarcely to be distinct from the last. The complete 
distinction of the oviducts of the two sides throughout 
their whole length, found in all lower vertebrates, only 
occurs in this class in Monotremes, a prevailing mam- 
mulian characteristic being their more or less perfect 
coalescence in the middle line to form a single median 
canal. In the Marsupials this union only includes the 
lower part of the vagina; in most /lacentalin it 
extends tu the whole vagina and a certain portion of 
the uterus, which cavity is then described as ‘* bicornu- 
ate.”’ In the higher mammals, as in Man, and also 
in some of the Kdentates, the whole of the uterus is 
single, the contracted upper portion of the oviduects or 
Fallopian tubes, as they are then called, entering its 
upper lateral angles by small apertures. In certain 
lower forms of mammals the urino-genital canal opens 
with the termination of the rectum into a common 
cloaca, as in other vertebrates; but it is characteristic 
of the majority of the class that the two orifices are 
more or less distinct externally. 

Mammary glands, which secrete the milk by which 
the young are nourished during the first 
portion of their existence after birth, are 
present in both sexes in all mammals, though 
usually only functional in the female. In the Mono- 
tremes alone, their orifices are mere scattered pores in 
the skin, but in all others they are situated upon the 
end of conical elevations, called mammille or teats, 
which, taken into the mouth of the young animal, 
facilitate the process of sucking. These are always 
placed in pairs upon some part of the ventral surface 
of the body, but varying greatly in number and _ posi- 
tion in different groups. In the Cetacea, where the 
prolonged action of sucking would be incompatible with 
their subaqueous life, the ducts of the glands are di- 
lated into large reservoirs from which the contents are 
injected into the mouth of the young animal by the 
action of a compressor muscle. 

Secondary sexual characters, or modifications of 
structure peculiar to one sex, but not di- 
rectly related to the reproductive function, 
are very generalinmammals. They almost 
always consist of the acquisition or perfection of some 
character of the male as it attains maturity, which is 
not found in the female or the young in either sex. 
In a large number of cases these clearly relate to the 
combats in which the males of many species engage for 
the possession of the females during the breeding sea- 
son; others are apparently ornamental, and of many 
it is still difficult to apprehend the meaning. Many 
suggestions on this subject will, however, be found in 
the chapters devoted to it in Darwin’s work on Vhe 
Descent of Mun and Selection in Relation to Sex, 
where most of the best-known instances are collected. 
Superiority of size and strength in the male of many 
species is a well-marked secondary sexual character 
related to the purpose indicated above, being probably 
perpetuated by the survivors or victors in combats 
transmitting to their descendants those qualities which 
gave them advantages over others of their kind. ‘To 
the same category belong the great development of the 
canine teeth of the males of many species which do not 
use these organs in procuring their food, as the Apes, 
Swine, Musk, and some other Deer, the tusk of the 
male Narwhal, the antlers of Deer, which are present 
in most cases only in the males, and the usual superior- 
ity in size and strength of the horns of the Boviidle. 
Other secondary sexual characters, the use of which is 
not so obyious, or which may only relate to ornament, 
are the presence of masses or tufts of long hair on 
different parts of the body, as the mane of the male 
Lion and Bison, the beards of some Ruminants and 
Bats (as Taphozous melanopogon), Moukeys, and of 
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Man, and all the variations of coloration in the sexes, 
in which, as a general rule, the adult male is darker 
and more vividly colored than the female. Here may 
also be mentioned the presence or the greater develop- 
ment of odoriferous glands in the male, as inthe Musk 
Deer, and the remarkable perforated spur with its 
gland and duct, so like the poison tooth of the venom- 
ous serpents, found in the males of both  Ornitho- 
rhynchus and Hehidna, the use of which is at present 
unknown, ; 

Placenta.—The development of the mammalian 
ovum, and the changes which the various 
tissues and organs of the body undergo in 
the process of growth, are too intricate subjects to be 
explained without entering into details incompatible 
with the limits of this article, especially as they 
scarcely differ, excepting in their later stages, from 
those of other vertebrates, upon which, owing to the 
greater facilities these present four examination and 
study, the subject has been more fully worked out. 
There are, however, some points which require notice, 
as peculiar to the mammalian class, and as affording at 
least some hints upon the difheult subject of the aftini- 
ties and classification of the members of the group. 

The nourishment of the foetus during intra-uterine life 
takes place through the medium of certain structures, 
partly belonging to the foetus itself and partly belong- 
ing to the inner parietes of the uterus of the parent. 
These in their complete form constitute the complex 
organ called the ‘‘ placenta,’’ which serves as the me- 
dium of communication between the mother and foetus, 
and in which the physiological processes that are con- 
cerned in the nutrition of the latter take place; but, 
as we shall see, though a placenta, in the usual ac- 
ceptation of the term, is peculiar to the mamialian 
class, it is not in all of its members that one is devel- 
oped. The structures to which we shall have especially 
to refer are the outer tunic of the ovum, to which, 
however formed, the term ‘‘chorion’’ is commonly 
applied, and two sac-like organs connected with the 
body cavity of the embryo, both formed from the 
splanchnic mesoblast, lined by a layer of the hypoblast. 
These are the ‘‘ umbilical vesicle’ or ‘‘ yolk sac’? and 
the ‘‘ allantois.”’ 

The umbilical vesicle is a thin membrane inclosing 
the yolk, which by the doubling in of the ventral walls 
of the embryo, becomes gradually formed into a dis- 
tinct sac external to the body, with a pedicle (the om- 
phalo-enteric duct) by which for a time a communica- 
tion is maintained between its cavity and the intestinal 
canal. In the walls of this sac bloodvessels (omphalo- 
meseraic or vitelline) are developed in connection with 
the vascular system of the embryo, through which, 
either by their contact with the outer surface of the 
walls of the ovum, or by the absorption through them 
of the contents of the yolk sac, the nutrition of the 
embryo in the lower vertebrates chiefly takes place. 
In mammals the umbilical vesicle plays a comparatively 
subordinate part in the nourishment of the foetus, its 
function beg generally superseded by the allantois. 

The last-named sac commences at avery early period 
as a diverticulum from the hinder end of the aliment- 
ary tract of the embryo. Its proximal portion after- 
wards becomes the urinary bladder, the contracted 
part between this and the cavity of the allantois proper 
constituting the urachus, which passes out of the body 
of the foetus at the umbilicus together with the vitel- 
line duct. The mesoblastic tissue of the walls of the 
allantois soon becomes vascular; its arteries are sup- 
plied with foetal blood by the two hypogastric branches 
of the iliacs, or main divisions of the abdominal aorta, 
and the blood is returned by venous trunks which unite 
to form the single umbilical vein which runs to the 
under surface of the liver, where, part of it joing the 
portal vein and part entering the vena cava directly, it 
1s brought to the heart. These are the vessels which, 
with their surrounding membranes, constitute the um- 
bilical cord, the medium of communication between 
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the foetus and the placenta, when that organ is fully | are represented by the extremities of the bloodyessels 


developed. 


The nature of the foetal membranes of the Mono- | 


tremata is not known. In the Marsupialia the obser- 
vations made many years ago by Professor Owen, 
upon the development of the Kangaroo, have recently 
been confirmed by Dr. H. C. Chapman,' but fuller 
investigations in different species and at different stages 
are still much to be desired. 
to the period of the very premature birth of these 
animals the outer covering of the oyum or chorion is 
free from villi and not adherent to the uterine walls, 


As far as is known, up | 


for, though fitting into the folds of the latter, it is | 


perfectly and readily separable in its entire extent from | 


them. The umbilical vesicle is large, vascular, and 
adherent to a considerable portion of the chorion, while 
the allantois is relatively small, and, though the usual 
bloodvessels can be traced init, it does not appear to 
contract any connection with the chorion, and there- 
fore much less with the walls of the uterus, of such a 
nature as to constitute a placenta. While in the uterus 
the nourishment of the foetus seems therefore to be 
derived from the umbilical vesicle, as in reptiles and 
birds, rather than from the uterine walls by means of 
the ailantoic vessels, as in the higher mammals. The 
latter vessels in fact play even a much less important 
part in the development of these animals, not only than 
in the placental mammals, but even than in the Sau- 
ropsida, for they can scarcely have the respiratory 
function assigned them in that group. Pulmonary 
respiration and the lacteal secretion of the mother 
very early supersede all other methods of providing 
the due supply both of oxygen and of food required 
for the development and growth of the young animal. 
In this sense the Marsupials may be looked upon as 
the most typically ‘‘mammalian”’ of the whole class. 
In no other group do the milk-secreting glands play 
such an important part in providing for the continuity 
of the race. 

In the third primary division of the Mammalia, the 
so-called Placentalia, the umbilical vesicle generally 
does not quite unite with the chorion, and disappears 
as development proceeds, so that no trace of it can be 
seen in the membranes of an advanced embryo ; but it 
may persist until the end of intra-uterine life as a dis- 
tinct sac in the umbilical cord, or lying between the 
allantois and amnion. The disappearance or persist- 
ence of the umbilical vesicle does not, according to our 
present knowledge, appear to be correlated with a 
heehee or lower general grade of development, as might 
be presupposed. It is stated to have been found in 
Man even up to the end of intra-uterine life, and also 
in the Carnivora, while in the Ungulata and Cetacea 
it disappears at an earlier age. In many, if not all, of 
the Rodentia, Insectivora, and Chiroptera, it plays 4 
more important part, becoming adherent to a consid- 
erable part of the inner surface of the chorion, to which 
it conveys bloodvessels, although villi do not appear 
to be developed from the surface of this part, as they 
are on the portion of the chorion supplied by the 
allantoic vessels. These orders thus present to a cer- 
tain extent a transitional condition from the Marsu- 
pials, although essentially different, in possessing the 
structures next to be described. 

The special characteristic of the whole of the placen- 
tal mammals constituting the majority of the class, is 
that the allantois and its vessels become intimately 
blended with a smaller or greater part of the parietes 
of the ovum, forming a structure on the outer surface 
of which villi: are developed, and which, penetrating 
into corresponding cavities of the ‘‘ decidua,’’ or soft, 
vascular, hypertrophied lining membrane of the uterus, 
constitutes the placenta. This organ may be regarded, 
as Professor Turner says, both in its function and in 
the relative arrangement of its constituent textures, as 
a specially modified secreting gland, the ducts of which 
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of the foetal system. The passage of material from 
the maternal to the foetal system of vessels is not a sim- 
ple percolation or diffusion through their walls, but is 
occasioned by the action of a layer of cells derived from 
the maternal or uterine structures, and interposed be- 
tween the bloodvessels of the maternal part of the 
placenta and those of the villi covering the chorion, 
in which the embryonic vessels ramity. 

The numerous modifications in the details of the 
structure of this organ relate to increasing the absorb- 
ing capacity of the vessels of the chorion, and are 
brought about either by increasing the complexity of 
the foetal villi and maternal crypts over a limited area, 
or by increasing the area of the part of the chorion 
covered by the placental villi, or by various combina- 
tions of the two methods. 

The first class of variations has given rise toa dis- 
tinction into two principal kinds of placenta—(1) sim- 
ple or non-deciduate, and (2) deciduate. In the former 
the foetal villi are received into corresponding depres- 
sions of the maternal surface, from which at the period 
of parturition they are simply withdrawn. n the 
second or more complex form the relation is more in- 
timate, a layer of greater or less thickness of the lining 
membrane of the uterus, called ‘‘decidua,’’ becoming 
so intimately blended with the chorion as to form part 
of the placenta proper, or that structure which is cast 
off as a solid body at parturition. In other words, in 
the one case the line of separation between the pla- 
centa and uterus at birth takes place at the junction of 
the foetal and maternal structures, in the other through 
the latter, so that a portion of them, often of consid- 
erable thickness, and containing highly organized 
structures, is cast off with the former. It has been 
thought that the distinction between these two forms 
of placentation is so important as to constitute a sufh- 
ciently valid basis for a primary division of the pla- 
cental mammals into two groups. It has, however, 
been shown that the distinction is one rather of degree 
than of kind, as intermediate conditions may exist, 
and it is not improbable that in different primary 
groups the simpler, non-deciduate form may have be- 
come developed independently into one or other of 
the more complex kinds. 

Apart from its intimate structure, the placenta may 
be met with of very varied general form. It may con- 
sist of villi scattered more or less regularly over the 
greater part of the surface of the chorion, the two ex- 
tremities or poles being usually more or less bare. 
This form is called the‘‘ diffused placenta.’ It is 
probably a primitive condition, from which most of 
the others are derived, although its existence must 
presuppose the absence of the umbilical vesicle as a 
constituent of the chorionic wall. It is found at pres- 
ent in the Manis among Edentates, the Cetacea, 
Sirenia, the Perissodactyle Ungulates, and the Camels, 
Pigs, and Chevrotains among the Artiodactyles. 
Such placentze are always non-deciduate. In the true 
Ruminants or Pecora, among the Artiodactyle Ungu- 
lates, the villi are aggregated in masses called 
cotyledons, with bare spaces between. Such a placen- 
tation is called ‘‘ polycotyledonary.’’ In another 
modification the villi are collected in a more or less 
broad band encircling the chorion, leaying a very large 
portion of the two poles bare, constituting the “ zonary 
placenta,” characteristic of Carnivora, and also occur- 
ring in the Klephant, Hyrax, and Orycteropus. The 
fact of the form of the placenta of these three last- 
named animals agreeing together, and with that of 
the Carnivora, does not, however, necessitate the 
ascription of zoological affinities, as the placenta of the 
Carnivora has been shown to be at first discoidal, and 
to become zonary by spreading round the chorion in 
the course of development. “In the other cases, al- 
though it must be admitted that the early stages have 
not been well observed, it is quite probable that it may 
be derived from a diffused placenta, in which the foetal 
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villi have disappeared from a larger space than usual | 


of the two poles of the ovum. 

In another form one pole only of the chorion is non- 
vascular, the placenta assuming a dome or bell shape, 
as in the Lemurs and the Sloths. The transition from 
this, by the gradual restriction of the vascular area, is 
easy to the oval or discoidal form of placenta of the 
The discoidal 
placenta of the Rodents, Insectivores, and Chiroptera, 
though showing so much superficial resemblance to 
that of the last-named order as to have caused them 
formerly to be associated in one primary group, is now 
known to be developed in another manner, not by the 
concentration of villi from a diffused to a limited area, 
but by retaining the area to which it was originally re- 
stricted in consequence of the large surface of chorion 
occupied, as before mentioned, by the umbilical vesicle. 
To compensate for the smallness of the area, the com- 
plex or deciduate structure has been developed. We 
may conclude that, although the characters and 
arrangement of the foetal structures may not have that 
extreme importance which has been attributed to them 
by some zoologists, they will form, especially when 
more completely understood, valuable aids in the study 
of the natural affinities and evolution of the MJum- 
malia.* 


CLASSIFICATION OF THE MAMMALIA. 


As stated at the commencement of this article, the 
mammalian class, as at present known. either by exist- 
ing or extinct forms, is completely isolated from all 
other groups of the animal kingdom, but it is impos- 
sible to refrain from speculating as to its origin and 
nearest affinities. In arranging the classes of verte- 
brates in a linear series it is customary to place them 
in the following order—/isces, Amphibia, Leptilia, 
Aves, Mammalia—an order which may possibly indi- 
cate the relative degree of elevation to which the most 
completely developed members of each class attain, 
though it would be a great mistake to suppose that 
such an arrangement expresses the true relationship of 
one to the other, and still less must it be imagined 
that in the process of evolution any of the higher 
classes are necessarily derived directly from those 
nearest below them in this serial arrangement. On 
the contrary, some arguments recently set forth by 
Professor Huxley” point very strongly to the conclusion 
that, in looking among ver.ebrates for the progenitors 
of the Mammalia, we must pass over all known forms 
of birds and reptiles, and go straight down to the 
Amphibia. In addition to the characters derived from 
the conformation of the pelvis upon which the argu- 
ment is primarily based, the following reasons are given 
for this conelusion:—“The Amphibia are the only 
air-breathing Vertebrata which, like mammals, have a 
dicondylian skull. It is only in them that the articu- 
lar element of the mandibular arch remains cartilagi- 
nous, while the quadrate ossification is small, and the 
squamosal extends down over it to the osseous elements 
of the mandible, thus affording an easy transition to the 
mammalian condition of those parts. The pectoral 
arch of the Monotremes is as much amphibian as it is 
sauropsidian ; the carpus and the tarsus of all Sawrop- 


sida, except the Chelonia, are modified away from the 


Urodele type, while those of the mammal ‘are directly 
reducible to it. Finally, the fact that in all Sawopsida 
it is a right aortic arch which is the main conduit of 
arterial blood leaving the heart, while in mammals it 
is a left aorticarch which performs this office, is a great 
stumbling-block in the way of the derivation of the 
Mammalia from any of the Sauwropsida. But, if we 
suppose the earliest forms of both the Mammalia 
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and the Sauropsida to have hadacommon Amphibian 
origin, there is no difficulty in the supposition that, 
from the first, it was a left aortic arch in the one 
series, and the corresponding right aortic arch in the 
other, which became the predominant feeder of the 
arterial system.” 

There is so much in common between the very aber- 
rant Monotremes, upon the structure of which the 
above conclusions are mainly based, and all other 
known mammals that we cannot but suppose they are 


derived, perhaps at some remote period, from one 


stock, some of the predominating characters of which 
survive in the existing Monotremes, though lost in 
most other members of the class. These ‘* Protothe- 
ria,’ as Professor Huxley terms them, have in their 
turn probably been derived from the same source as 
that in which the existing Amphibia on the one hand 
and the Sawropsida on the other have had their 
origin. The great divisions of the Vertebrata may be 
looked upon therefore as parallel, or rather diverging 
groups, each tending towards its own specialization, 
not in any way in the light of ancestor and descendant. 
No further advance of the Sauropsidian type, which 
has reached its highest perfection in the modern 
volant birds, would bring it nearer to the mammalian 


| organization. 


Restricting ourselves now to the class of mammals, 
as differentiated from other vertebrates, it will be un- 
necessary to repeat the oft-told history of the various 
attempts to express the prevailing knowledge of their 
structure and affinities in a systematic manner called a 
classification. The systems of Ray, Linnaeus, Cuvier, 
Owen, Milne-Edwards, Huxley, and others mark sue- 
cessive epochs of that knowledge. <A perfect arrange- 
ment of any group of animals can only be obtained 
simultaneously with a perfect knowledge of their 
structure and life history, and from this, it need scarcely 
be said, we are still very far removed. If, as was for- 
merly the case, classifications could be confined to ex- 
isting species, the work would be far less difheult. By 
the extinction of intermediate forms the surviving 
groups have mostly come to be much isolated, and 
their limits can be readily determined and defined. The 
discovery of extinct species, which appears to be taking 
place at a constantly increasing rate, is by degrees 
breaking down these boundaries, and making defini- 
tions impossible, though at the same time it is throwing 
much light upon the affinities and probable origin of 
many groups now widely separated. A source of diffi- 
culty, and perhaps error, which this advancing knowl- 
edge has introduced, arises from the necessity of de- 
termining the position and relation of so many forms 
by the bones and teeth alone, without any hope of de- 
riving aid from all those other structures of which we 
avail ourselves in the case of recent animals. These 
considerations will show that any classification advanced 
at present must be regarded as provisional. There 
are, however, some positions which seem to be so firmly 
established that it is very unlikely that we shall be dis- 
lodged from them by any further increase of knowl- 
edge, and which we should carefully distinguish from 
others which are acknowledged to be doubtful, and 
adopted rather for convenience, owing to the necessity 
of having some arrangement, than as representing un- 
impeachable truth. 

One of the most certain and fundamental points in 
the classification of the Mammalia is, that 


all the animals now composing the class can elk 
be grouped primarily in three natural di- — qivisions. 


visions, which, presenting very marked dif- 

ferentiating characters, and having no existing, or yet 
certainly demonstrated extinct, intermediate or transi- 
tional forms, may be considered as subclasses of equal 
yalue, taxonomically speaking, though very different 
in the numbers and importance of the animals at 
present composing them. These three groups are often 
called by the names originally proposed for them by 
De Blainville—(1) Oriithodelphia, (2) Didelphia, (8 
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Monodelphia,—the first being equivalent to the order | taken altogether, give them an intermediate positiop 


Monotremata, the second to the Marsupialia, and the | between the Prototheria and the Hutheria. 


In the 


third including all the remaining members of the class. structure of the brain and the presence of epipubic 
Although actual paleontological proof is wanting, , bones they agree with the former, while in the strue- 
there is much reason to believe that each of these, as | ture of the ear bones and the shoulder girdle and the 
now existing, are survivors of distinct branches to | presence of teats on the mammary glauds they resemble 
which the earliest forms of mammals have successively | the latter, the reproductive organs belonging to neither 
given rise, and for which hypothetical branches Huxley | one nor the other type, but presenting a special char- 


has proposed the names of /rototheria, Metatheria, and | acter re 
. . . . . . | 

Butheria’, names which, being far less open to objection | ment. 

than those of Blainville, we shall here use as equiva- | 


lents for the latter. 


presenting an Intermediate grade of deyelop- 
The ureters open into the base of the bladder. 
The oviducts are differentiated into uterine and Fal- 
lopian portions, and open into a long and distinct 


‘The characters of the Prototheria can only be de-| vagina, quite separate from the cystic urethra. ‘The 


duced from the two existing families, as 
hitherto no extinct animals which can be 
referred to other divisions of this remark- 
able and well-characterized group have been discoy- | 
ered. These two isolated forms, in many respects | 
widely dissimilar, yet having numerous common char- 
acters, which unite them together and distinguish 
them from the rest of the Aammalia, are the Orni-| 
thorhynchide and the Echidnide, both restricted in | 
their geographical range to the Australian region of 
the globe. Taken altogether they represent the lowest 
type of evolution of the mammalian class, and most of | 
the characters in which they differ from the other two | 
subclasses tend to connect them with the inferior verte- 
brates, the Sauropsidu and Amphibia; for, though 
the nanre Ornithodelphia owes its origin to the resem- 
blance of the structure of the female reproductive | 
organs to those of birds, there is nothing especially | 
bird-like about them: 
Their principal distinctive characters are these. The | 
brain has a very large anterior commissure, and a very 
small corpus callosum, agreeing exactly in this respect | 
with the next group. ‘The cerebral hemispheres, in | 
Eehidna at least, are well developed and convoluted 
on the surface. The auditory ossicles present a low | 
grade of development, the malleus being very large, 
the incus small, and the stapes columelliform. They 
have no true teeth, though the jaws of Ornithorhyn- 
chus ave provided with horny productions, which func- | 
tionally supply their place. The coracoid bone is com- 
plete, and articulates with the sternum, and there is a 
large ‘‘interclavicle’’ or episternum in front of the | 
sternum, and connecting it with the eclavicles. There | 
are also ‘‘epipubic”’ bones. The oviduets (not ditfer- | 
entiated into uterine and Fallopian portions) are com- | 
pletely distinct, and open as in oviparous vertebrates | 
separately into a cloacal chamber, and there is no dis- 
tinct vagina. The testes of the male are abdominal in 
position throughout life, and the vasa deferentia open 
into the cloaca, not into a. distinct urethral passage. 
The penis, a(tached to the ventral wall of the cloaca, 
is perforated by a canal in the greater part of its length, 
but not at the base, which is open as in reptiles and | 
those birds which have such an organ, and brought | 
only temporarily in contact with the termination of the | 
vasa defereutia, so as to furm a seminal urethra when 
required, but neyer transmits the urinary secretion. 


Proto- 
theria. 


This condition is a distinct advance on that of the} 


Sauropsida in the direction of the more complete de- 
velopment of these parts in most of the other Jfam- 
mali. ‘The ureters do not open into the bladder, but 
behind it into the dorsal wall of the genito-urinary 
peice The mammary glands have no distinct nipple, 
ut pour out their secretion through numerous aper- 
tures in the skin. The early stages of the develop- 
ment of the young are not yet fully known, but they 
are produced in a very rudimentary condition, and 
appear never to be nourished by means of' an allantoic 
placenta. 
The Metatheria or Didelphia ave represented at 
Metatheria, Present by numerous species, presenting 
great diversities of general appearance, 
structure, and habits, although all united by many 
essential anatomical and physiological characters, which, 
1 Proceedings of the Zoological Society, 1880, p. 649. 


| mals’? (so called because the feetus is always 


penis is large, but its crura are not directly attached to 
the ischia. The spongy body has a large bifurcated 
bulb. The young are born in an exceedingly rudi- 
mentary condition, and are never nourished by means 
of an allantoic placenta, but are transferred to the 
nipple of the mother, to which they remain firmly 
attached for a considerable time, nourished by the milk 
injected into the mouth by compression of the muscle 
covering the mammary gland. ‘They are therefore, as 
previously remarked (see p. 372), the most typically 
mammalian of the whole class. The nipples are nearly 
always concealed in a fold of the abdominal integument 
or ‘‘pouch’’ (marsuptum) which serves to support and 


_ protect the young in their early helpless condition. The 


existing species of this group are entirely confined to 


‘the Australian region and the American continent, 


though in furmer times they had a more extended geo- 
graphical range. ‘The earliest mammals hitherto dis- 


covered appear (as faras the scanty evidence at present 


obtainable permits any such conclusion to be hazarded) 


| to have belonged to this type, although it is reasonable 


to conclude that Prototheria (unless upon the improb- 
able supposition that the existing forms haye resulted 


| from a process of degradation), and perhaps Hutheria, 


were their contemporaries far back in the Mesozoic 
age. 
The Hutheria, Monodelphia, or ‘‘ placental mam- 


nourished while within the uterus of the =e" 


/ mother by means of an allantoic placenta) include at 


resent by far the greater proportion of the class. 
Vhile the survivors of the other groups have proba- 
bly been for a long time in a stationary condition, 
these have, as there is already good evidence to show 
throughout all the Tertiary geological age, and by in- 
ference for some time before, been multiplymg in 
numbers and variations of form, and attaining higher 
stages of development and specialization in various 
directions. They consequently exhibit far greater di- 
versity of external or adaptive modification than is met 
with in either of the other subclasses——some bein 
fitted to live as exclusively in the water as fishes, an 
others to emulate the aerial flight of birds. 

To facilitate the study of the different component 
members of this large group, it is usual to separate 
them into certain divisions which are called ** orders.” 
In the main zvologists are now of accord as to the general 
number and limits of these divisions among the exist- 
ing forms, but the affinities and relationships of the 
orders to one another are far from being understood, 
and there are very many extinct forms already discoy- 
ered which do not fit at all satisfactorily into any of the 
orders as commonly defined. 

Commencing with the most easily distinguished, we 
may first separate a group called Edentata, composed 
of several very distinct forms, the Sloths, Anteaters, 
and Armadillos, which under great modifications of 
characters of limbs and digestive organs, as well as 
habits of life, have just enough in common to make it 
probable that they are the very specialized survivors 
of an ancient group, most of the members of which are 
extinct, but which the researches of paleontology have 
not yet revealed to us. The characters of their cere- 
bral, dental, and in many cases of their reproductive 
organs show an inferior grade of organization to that 
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of the generality of the subclass. The next order, | appear, the early forms of Lemurs are not easily dis- 
about the limits of which there is no difficulty, is the | tinguished from the primitive Ungulates. The Bats 


Strenia, aquatic vegetable-eating animals, with com- 
plete absence of hind limbs, and low cerebral organiza- 


tion,—represented in our present state of knowledge | 
by but two existing genera, the Dugongs and Mana-_ 


tees, and by a few extinct forms, which, though ap-_ 
proaching a more generalized mammalian type, show | 
no special characters allying them to any of the other | 
orders. Another equally well-marked and equally iso- 
Jated, though far more numerously represented and | 
diversified order, is that of the Cetwcea, composed of | 
the various forms of Whales, Dolphins, and Porpoises. 

In aquatic habits, external fish-like form, and absence 

of hind limbs they resemble the last, though in all 

other characters they are as widely removed as are any 

two orders among the Hutheria. “The association by | 
systematists of the Cetacea and Sirenia in one group | 
can only be made either in ignorance of their true 

structure, or in an avowedly artificial system. 

All the remaining orders are more nearly allied | 
together, the steps by which they have become modi- 
fied from one general type being in most cases not dif | 
ficult to realize. Their dentition especially, however 
diversified in detail, always responds to the formula 
already described (see p. 356); and, although the ex- 
isting forms are broken up into groups in most cases 
easy of definition, the discoveries already made in 

alzeontology have in great measure filled up the gaps 
Favineen them. 

Very isolated among existing HVutheria are the two 
species of Hlephant constituting the order called Pro- 
boscidea. These, however, are now known to be the 
survivors of a large series of similar animals, Mam- 
moths, Mastodons, and Dinotheria, which as we pass 
backwards in time gradually assume a more ordinary 
or generalized type; and the interval which was lately 
supposed to exist between even these and the rest 
of the class is partially bridged over by the dis- 
covery in American Kocene and early Miocene for- 
mations of the givantie Dinocerata, evidently offshoots | 
of the great group of hoofed animals, or Ungu- | 
lata, represented in the actual fanmna by the Horses, 
Rhinocervses, Tapirs, Swine, and Ruminants. Almost 
as isolated as the Proboscidea among existing mam- 
mals are the few small species constituting the genus 
Hyrax, and in their case paleontology affords no help 
at present, and therefore, pending further discoveries, 
it has been thought advisable in most recent systems 
to give them the honor of an order to themselves, 
under the name of Hyracoidea. But the number of 
extinct forms already known allied to the Ungulata, 
but not coming under the definition of either of the 
two groups (Artiodactyla and Perissodactyla) under | 
which all existing species range themselves, is so great | 
that either many new orders must be made for their | 
reception or the definition of the old order Ungulats so | 
far extended as to receive them all, in which case both | 
Proboscidea and Hyracoidea might be included within 
it. Again the /odentia, or gnawing animals—Rabbits, 
Rats, Squirrels, Porcupines, Beavers, etc.—are, if we 
look only at the present state of the class, most isolated. 
No one can doubt what is meant by a Rodent animal, 
or have any difficulty about defining it clearly, at least 
by its dental characters; yet our definitions break 
down before the extinct South American Jlesothe- 
rium, half Rodent and half Ungulate, which leads by 
an éasy transition to the still more truly Ungulate 
Toxodon, for the reception of which a distinct order 
( Toxodontia) has been proposed. The Jnsectivora and 
the Carnivora again are at present quite distinct 
orders, but they merge into one another through fossil 
forms, and are especially connected by the large group 
of primitive Carnivora, so abundantly represented in 
the HKocene deposits both of America and Europe, to 
which Cope has given the name of Creodonta. The 
transition from the Insectivores to the Lemurs is not 


great, and, strange to say, however different they now 


or Chiroptera are allied to the Jiusectivora in all char- 
acters but the extraordinary modification of their ante- 
rior extremities into wings, but this, like the want of 
the hind limbs in the Cetacea and Sirenia, makes 
such a clear distinction between them and all other 
mammals that, in the absence of any knowledge of in- 
termediate or transitional forms, they can be perfectly 


| separated, and form as well-defined an order as any in 


the class. Lastly, we have the important and well- 
characterized group, called Primates, including all the 
Monkeys and Man, and the question is not yet solved 
as to how and through what forms it is linked on to 
the other groups. It is commonly assumed that the 
Lemurs are nothing more than inferior Primates, but 
the interval between them in the actual fauna of the 
world is very great, and our knowledge of numerous 
extinct species recently discovered in America, said to 
be intermediate in characters, is not yet sufficiently 
perfect to enable us to form a definite opinion upon 
the subject. 

The distinctive characters of the generally recognized 


‘orders of mammals, with an account of their subdivi- 


sions and the principal forms contained in each, will be 
given further on. 


GEOGRAPHICAL DISTRIBUTION OF 
MAMMALIA. 


The existing species of few classes of the animal 
kingdom are better known than those of the J/am- 
malia, and, owing to the comparatively limited meth- 
ods of locomotion or transport which most of them pos- 
sess, the area of distribution of each species is more defi- 
nite and restricted than in some other classes. In the 
articles Brrps and DisrripuTion the various regions 
into which naturalists have divided the earth’s surface, 
according to the prevailing characters of its animal in- 
habitants, have been described. and in the latter the 
main facts connected with the distribution of mammals 
have been treated of. In the account of each group con- 
tained in the present article the particular «ircumstances 
relating to its geographical range will be mentioned. 
There is little therefore needed here, except a brief 
summary of the most important facts relating to this 
interesting subject. 

As revards their distribution over the surface of the 
earth, mammals may be divided into three groups 
according to their principal methods of locomotion— 
(1) aerial, (2) aquatic, and (3) terrestrial. 

1. Aerial Mammals.—This group only comprises the 
animals composing the single order Chiroptera, which 
differ from all other mammals in the fact 
that their principal means of transport from 
place to place is by aerial flight, as in the 
majority of birds and insects. Broad expanses of water, 
which form natural barriers to the spread of terrestrial 
mammals, are therefore no obstacles to their distribu- 
tion; accordingly we find the general rule that mam- 
mals are not inhabitants of oceanic islands modified in 
their case. But even in this group, notwithstanding 
their exceptional powers of Jocomotion, different spe- 
cies, genera, and families inhabit very definite areas. 
Kach zoological region of the earth has its characteris: 
tic Bats; and those of the New World and of the Old 
World are, with very few exceptions, quite distinct. 
This subject will be more fully treated of under the 
order Chiroptera. 

2. Aquatic Mammals.—Many mammals grouped 
for the present purpose as terrestrial pass a great por- 
tion of their lives in brooks, lakes, or rivers, 
and, being dependent upon such waters for 
obtaining their subsistence, are necessarily _ 
confined to their vicinity; but the truly aquatic mam- 
mals, or those living constantly in the water, and un- 
able to move their quarters from place to place by land, 


Aerial 
Mammals. 


Aquatic 
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are the orders Cetacea and S/renia, with which may 
also be grouped the Seals, forming the Pinniped division 
of the order Carnivora. 

Tor the marine Cetacea, animals mostly of large size 
and endowed with powers of rapid locomotion, there 
are obviously no barriers to universal distribution over 
the surface of the earth covered by sea, except 
such as are interposed by uncongenial temperature or 
absence of suitable food. Nevertheless it was thought 
some years ago that the fact of a Whale or a Dolphin 
occurring inasea distant from that in which it had 
usually been found was sufficient justification for con- 
sidering it asa distinct species and imposing a new 
name upon it. There are now, however, so many cases 
known in which Cetaceans from the northern and 
southern seas, from the Atlantic and the Pacific Oceans, 
present absolutely no distinguishing external or ana- 
tomical characters upon which specific determination 
can be based that the opposite view is gaining ground ; 
and, as some species are undoubtedly very widely dis- 
tributed, almost cosmopolitan in fact, there seems little 
reason why many others should not be included in the 
same category. The evidence is satisfactory enough 
in those cases in which the intermediate regions are 
inhabited by the same forms, the cases of ‘‘ continuous 
areas’ of distribution. In those in which the areas 
of distribution are apparently discontinuous, there may 
be more room for doubt; but it must-not be forgotten 
that the negative evidence is here of much less value 
than in the case of land animals, as the existence of 
Cetaceans in any particular part of the ocean is most 
easily overlooked. ‘The great Sperm Whale ( Physeter 
macrocephalus) is known to be almost cosmopolitan, in- 
habiting or passing through all the tropical and tem- 
perate seas, although not found near either pole. At 
least three of the well-known species of Rorqual ( Bal- 
enoptera) of the British coasts are represented in the 
North Pacific, on the South American shores, and near 
New Zealand by species so closely allied that it is diff- 
cult to point out any valid distinctive characters, 
though it may perhaps be desirable to wait for a more 
complete examination of a large series of individuals 
before absolutely pronouncing them to be speci- 
fically identical. There is nothing yet known by which 
we can separate the ‘‘ Humpback Whales’ (Mega- 
ptera) of Greenland, the Cape of Good Hope, and 
Japan. Thesame may be said of the common Dol- 
phin of the European seas (Delphinus delphis) and 
the so-called D. bairdii of the North Pacific and D. 
forstert of the Australian seas. The Pilot Whale ( Glo- 
bicephalus melas) and the Pseudorca of the North 
Atlantic and of New Zealand are also precisely alike, 
as far as present knowledge enables us to judge. Many 
other similar cases might be given. Captain Maury 
collected much valuable evidence about the distribution 
of the larger Cetacea, and, finding Right Whales 
(Balena) common in both northern and southern 
temperate seas, and absent in the intermediate region, 
laid down the axiom that ‘‘ the torrid zone is to the 
Right Whale as a sea of fire, through which he cannot 
pass.’ Hence all cetologists have assumed that the 
Right Whale of the North Atlantic (B. biscayensis), 
that of the South Seas (B. australis), and that of the 
North Pacifie (B. japonica) are necessarily distinct 
species. ‘The anatomical structure and external ap- 
pearance of all are, however, as far as yet known, 
marvellously alike, and, unless some distinguishing 
characters can be pointed out, it seems scarcely justi- 
fiable to separate them upon geographical position 
alone; as, although the tropical seas may be usually 
avoided by them, it scarcely seems impossible, or even 
improbable, that some individuals of animals of such 
size and rapid powers of swimming may not have at 
some time traversed so small a space of ocean as that 
which divides the present habitual localities of these 
supposed distinct species. If identity or diversity of 
structural characters is not to be allowed as a test 
of species in these cases, as it 1s usually admitted to be 
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in others, the study of their geographical distribution 
becomes an impossibility. 

Although many species are thus apparently of such 
wide distribution, others are certainly restricted; thus 
the Arctic Right Whale (Balana mysticetus) has been 
conclusively shown to be limited in its range to the re- 
gion of the northern circumpolar ice, and no corre- 
sponding species has been met with in the southern 
hemisphere. In this case, not only temperature, but 
also the peculiarity of its mode of feeding, may be the 
cause. ‘lhe Narwhal and the Beluga have a very sim- 
ilar distribution, though the latter occasionally ranges 
farther south. The Hyperoodons are restricted to the 
North Atlantic, never entering, as far as is yet known, 
the tropical seas. Other species are exclusively tropi- 
cal or austral in their range. One of the true Whale- 
bone Whales (Neobaleena marginuta) has only been 
met with hitherto in the seas round Australia and 
New Zealand, a large Ziphioid (Berardius arnowxt) 
only near the last-named islands. 

The Cetacea are not limited to the ocean, or even to 
salt water, some entering large rivers for considerable 
distances, and sume being exclusively fluviatile. One 
species of Plataiista is extensively distributed through- 
out nearly the whole of the river systems of the Gan- 
ges, Brahmaputra, and Indus, ascending as high as 
there is water enough to swim in, but apparently never 
passing out to sea. The individuals inhabiting the 
Indus and the Ganges must therefore have been for 
long ages isolated without developing any definite dis- 
tinguishing anatomical characters, for those by which 
the supposed P. indi was formerly separated from P. 
gangeticu have been shown by Anderson to be of no 
constant value.  Orcella fluminalis appears to be lim- 
ited to the Irawaddy river, and at least two distinct 
species of Dolphin, belonging to different genera, are 
found in the waters of the upper Amazon. It is re- 
markable, however, that none of the great lakes or 
inland seas of the world are, according to our present 
knowledge, inhabited by Cetaceans. A regular sea- 
sonal migration has been observed in many of the 
oceanic Cetacer, especially those inhabiting the North 
Atlantic, but further observations upon this subject 
are still much needed. 

The great difference in the manner of life of the 
Sirenia, as compared with that of the Cetacea, causes 
a corresponding difference in their geographical dis- 
tribution. Slow in their movements, and feeding ex- 
clusively upon vegetable substances, water grasses, or 
fuci, they are confined to rivers, estuaries, or coasts 
where these grow, and are not denizens of the open 
sea, although of course there is a possibility of acci- 
dental transport by the assistance of oceanic currents 
across considerable distances. Of the three genera ex- 
isting within historic times, one (Manatus) is exclu- 
sively confined to the shores of the tropical Atlantic 
and the rivers entering into it, individuals scarcely 
specifically distinguishable being found both on the 
American and the African side of the ocean. The 
Dugong (/alicore) is distributed in different colonies, 
at present isolated, throughout the Indian Ocean from 
Arabia to North Australia. The Rhytina or Northern 
Sea-Cow was, for some time before its extinction, 
limited to a single island in the extreme north of the 
Pacific Ocean. 

The Pinnipeds, although capable of traversing long 
reaches of ocean, are less truly aquatic than the last 
two groups, always resorting to the land or to extensive 
ice-floes for the purposes of breeding. The geographical 
range of each species is generally more or less restricted, 
usually according to climate, as they are mostly inhab- 
itants either of the Arctic or Antarctic seas and adja- 
cent temperate regious, very few being found within 
the tropics. For this reason the northern and the 
southern species are for the most part quite distinct. 
In fact, the only known exception is the case of a col- 
ony of the Sea-Klephant (Macrorhinus leoninus), the 
general range of which is in the southern hemisphere, 
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inhabiting the coast of California. Even in this case 
a different specific name has been given to the northern 
form, but the characters by which it is distinguished 
are not of great importance, and probably, except for 
the abnormal geographical distribution, would never 
have been discovered. ‘The most remarkable circum- 
stance connected with the distribution of the Pinni- 
peds is the presence of members of the order in the 
three isolated great lakes or inland seas of Central Asia 
—the Caspian, Aral, and Baikal—which, notwithstand- 
ing their long isolation, have varied but slightly from 
species now inhabiting the Polar Seas. 

3. Terrestrial Mammals.—One of the most impor- 


; tant facts connected with the present distri- 
Terrestrial 
mammals. - fi ay : Z| 
which the cause is sufficiently obvious, is 


their entire absence, except where- introduced by the 
direct agency of man, from all oceanic islands. including 
even the great New Zealand group. Another, equally 
striking, but less easily explained, is the very marked 
isolation as regards its mammalian fauna of the Aus- 
tralian region of zoologists. When once the narrow 
neutral ground on the border line between this and the 
Oriental region is passed, there is not found, notwith- 
standing the vast extent of land it comprises, a single 
indigenous placental or monodelphous mammal, ex- 
cept a few species of a single family (Miride) of the 
very wide-spread order Rodentia,—the Wild Dog or 
Dingo having been in all probability introduced. On 
the other hand the members of the other two sub- 
classes, the Prototheria or Ornithodelphia and the Me- 
tatheria or Didelphia, are almost entirely restricted to 
this region. It might have been said entirely, but for 
the presence of one family (Didelphide) of the latter 
group in America. 

The Kutheria or Monodelphia are distributed 
throughout the remaining geographical regions, as 
described in the article DisrRiBUTION, and in many 
cases form valuable indications by which the natural 
boundaries of these divisions have been traced. Many 
anomalies, otherwise inexplicable in the present range 
of families and species, have been cleared up by the 
study of their distribution in former geological epochs, 
a subject in relation to which the present facts of dis- 
tribution should always ‘be studied. There are few 
lines of evidence so conclusive as this in favor of the 
existing species being modified lineal descendants of 
sated which have lived in previous times upon the 
earth. 


HISTORY OF THE MAMMALIA IN PAST TIMES. 


As already intimated, such knowledge as we yet 
possess of the history of mammals in past times is of 
very recent growth, and is still extremely incomplete. 
The very rapid advances which have been made in the 
last few years, especially in consequence of the explo- 
rations of rich fossiliferous beds in North America, 
haye not only completely changed the present aspect 
of the science, but give such promise for the future 
that any sketch which we might now attempt of this 
branch of the subject could only be regarded as repre- 
senting a transient phase of knowledge. It will be 
well, however, to gather together in this place the 
leading facts now ascertained with regard to the most 
ancient forms, as, owing to the uncertainty of their 
relationship with any of the existing orders, they will 
be most conveniently treated of separately, while the 
ascertained facts relating to the geological history of 
the forms more nearly allied to those now living will 
be more appropriately described under the account of 
the different groups into which the class may now be 
divided. 


10On this subject, see A. Murray, Geographical Distribution of 
Mammals, 1866; and especially A. R. Wallace, The Geographical 
Distribution of Animals, 2 vols., 1876, and Island Life, 1881, 


bution of terrestrial mammals, but one of 
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MAMMALS OF THE Mrsozoic Pertiop.? 


The hitherto discovered remains of mammals which 
existed anterior to the Tertiary period all belong to 
creatures of very small size, the largest scarcely ex- 
ceeding the common Polecat or Squirrel. Some are 
known only by a few isolated teeth, others by nearly 
complete sets of these organs, and the majority by 
more or less perfect specimens of the rami of the lower 
j It is a very curious circumstance that this part 
of the skeleton alone has been preserved in such a 
large number of instances. No complete cranium has 
ever been found, nor is there satisfactory evidence of 
the structure of the vertebral column or of the limbs 
of any single individual. The species already described 
from Kuropean strata amount to nearly thirty, which 
have been arranged in fifteen genera. Of these by far 
the greater number have been found at a single spot 
near Swanage in Dorsetshire, in a bed of calcareous mud 
only 40 feet long, 10 feet wide, and averaging 5 inches 
in depth. ‘The marvellous results obtained by the ex- 
ploration by Mr. 8. H. Beckles of this small fragment 
of the earth’s surface show by what accidents, as it 
were, our knowledge of the past history of life has been 
gained, and what may still remain in store where little 
thought of at present. A bed, apparently equally rich, 
has recently been discovered in the Territory of Wyo- 
ming, North America, the contents of which are being 
made known by Professor Marsh. 

1. Mammals of the Triassic Period.—The Rheetic 
formations, so named from the Rheetian Alps of Ba- 
varia, are the highest beds of the Trias, and are situ- 
ated aboye the New Red Sandstone, and just below 
the Lias. In 1847 Professor Pleininger, of Stuttgart, 
while assiduously sifting some sand from this forma- 
tion, belonging to the Keuper of Diegerloch and Stein- 
enbronn, discovered, among an immense mass of teeth, 
scales, and unrecognizable fragments of skeletons of 
fish and saurians, two minute teeth, each with well- 
defined, enamelled, tuberculated crowns and distinet 
roots, plainly showing their mammalian character. 
These, the oldest known evidence of the class, were 
considered by their discoverer to indicate a predaceous 
and carnivorous animal of very small size, to which he 
gave the name of Microlestes antiquis. Subsequently 
Mr. C. Moore discovered in a bone bed of Rheastic age 
filling a fissure in the mountain limestone at Holwell, 
near Krome in Somersetshire, various isolated teeth 
with their crowns much worn, but apparently including 
both upper and lower molars and a canine, which are 
assigned by Professor Owen to Pleininger’s genus 
Microlestes, and described specifically as J moore?. 
Under the name of J/ypsiprymnopsis rheticus Prof. 
Boyd Dawkins® has described a single tooth with two 
roots which he discovered in a Rheetic marlstone at 
Watchet in Somersetshire, and which may be even 
somewhat older than the last. Professor Dawkins 
finds the nearest analogue of this tooth among recent 
mammals in the large trenchant premolar of the Rat- 
Kangaroo or Hypsiprymnus (see vol. xiii. p. 850, fig. 
4), a resemblance not concurred in by Professor Owen, 
who refers it to the genus J/icrolestes. The minute 
size and worn condition of the tooth render it extremely 
difficult to form a decided opinion upon its characters, 
and therefore upon the affinities of the animal to which 
it belonged. 

Still more satisfactory evidence of the presence of 
mammals at a period at least as ancient as the Kuro- 
pean Trias is afforded by the discovery of three nearly 
perfect mandibular rami in the Chatham coal-field of 

orth Carolina by Dr. Kmmons, who, however, 
placed them as far back in age as the Permian, or al- 
together beyond the Mesozoic stage, a conclusion not 


2 The subjects referred to under this heading are mostly de- 
scribed and figured in detail in Owen's “ Monograph of the Fossil 
Mammalia of the Mesozoic Formations,” Palxontographical So- 
ciety's Publications, 1871; and in various papers by Marsh, in the 
American Journal of Science and Arts, 1878-80, 

3 Quart, Jour, Geol, Soc,, vol, Xx, p, 411, 1864. 
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now received. Of this animal, called Dromatherium 
sylvestre, the complete dentition of the lower jaw is 
known, and consists of three pointed incisors, separated 
by intervals, one canine, and ten molars, of which the 
first three have simple sub-compressed crowns, and the 
remainder are multicuspid. The jaw figured by Dr. 
Emmons! is 335 of an inch in length. He considered it 
to belong to a placental Insectivore, but the number 
of molar teeth exceeds that of any existing member of 
that order, and is only found in some Marsupials. It 
was associated in the same bed with thecodont reptiles. 

2. Mammals of the Jurassic Period.—In the as- 
cending order of geological age the next remains of 
mammals have been met with in the Lower Oolite at 
Stonesfield in Oxfordshire, where they are associated 
with wing cases of insects, Plesiosaurs, Crocodiles, and 
Pterodactyles. From this bed several specimens have 
been met with at various times, which have been placed 
in three genera. 

A. Amphitherium, Blainville, 1838. The specimen 
(A. prevosti’, see fig. 15), upon which this genus was 
founded, was discovered in 1812, and examined in 1818, 
at Oxford by Cuvier, who pronounced it to be mam- 
malian, and to resemble the jaws of an Opossum. This 
conclusion was afterwards disputed by De Blainville 
and others, who believed it to be reptilian, but the 


Fic. 15—Lower Jaw and Teeth of Amphithertum prevostii (twice 
nat, size), From Owen. 


original determination is now generally accepted.? 
Three rami of mandibles, all more or less perfect, are 
now known. ‘The length of the jaw is rather less than 
an inch. It contains sixteen teeth, which, as defined 
by shape only are 7 3, € 1, p 6, m 6, so that if the upper 
jaw hada corresponding number there would be sixty- 


4 
16.—Lower Jaw and Teeth of Phascolotherium bucklandii 
(nat, size in outline), From Owen. 


Fie. 


four teeth in all,—a greater number than in any ex- 
isting heterodont mammal, though equalled by some 
species from the Purbeck. The nearest approach to 
this number is in Myrmecobius among recent Mar- 
supials. ‘The incisors are rather long and slender, the 
canines apparently not much larger than the incisors, 
all the premolars and molars two-rooted—the former 
with a single large pointed cusp and small basal cusp 
on one or both sides, the latter quinquecuspidate. The 
lower margin of the angular process is slightly in- 
inflected, and the mylohyoid groove persistent, as in 
some of the existing Marsupials and in Whalebone 
Whales. This groove, a remnant of that which origi- 


1 American Geology, part vi., p. 93, 1857. 

2 A full description of this interesting fossil, with a history of the 
discussion regarding its nature,is given in Owen's British Fossil 
Mammals and Birds. 
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nally lodges Meckel’s cartilage, mistaken for a suture, 
was once considered evidence of the reptilian nature of 
these jaws. A second species is described as A. 
broderipii (Owen), 

B. Phascolotherium, Owen, 1839. This is founded 
on a right ramus of the lower jaw, presenting the inner 
side to view. ItsJength is 1.4 inch. The number 
of teeth resemble 
those of existing in- 
sectivorous mam- 
mals, being? 3 or4, 
cl, p and m 7, but 
not clearly defined 
from each other. 
One species, P. 
bucklandii (fig. 16). 

C. Stereognathus, 
Charlesworth, 1854. 


S.ooliticus (fig. 17) 
Fic. 17.—Stereognathus, Portion of Jaw, jg founded on a 
embedded in Oolitic matrix (nat. fi 

ragment of - a 


size). From Owen. 
jaw of minute size 
with three molar teeth zn situ. The grinding surface 
is of quadrate form, of very little height. and supports 
six ee cusps. Its affinities are quite problem- 
atical, 

The freshwater bed previously alluded to, situated at 
Durdlestone Bay near Swanage, belongs to the Middle 
Purbeck series, intervening between the Middle Oolite 
and the Wealden. The first discovery of mammalian 
bones was made in this spot by Mr. W. R. Brodie 
in 1854, but the subsequent explorations of My. 8. H. 
Beckles have yielded a surprising number of species. 
They are associated with numerous saurians, insects, 
and freshwater shells, as Paludina, Planorbis, and 
Cyclas. No less than eleven genera from this locality 
alone are fully described in Professor Owen’s memoir. 
These may be grouped as follows :— 

A. With teeth arranged on the insectivorous type. 
Mandibular incisors more than two; canines well de- 
veloped; _ pre- 
molars and mo- 
lars cuspidate, 
seven or more: 
—(a) molars 
and premolars 
more than 
eight, mostly 
twelve (Spalucotherium, Amblotherium, Peralestes, 
Achyrodon, Peraspalax, Peramus, Stylodon and 
Bolodon —the last known only by the maxillary 
teeth); (6) molars and 

remolars seven or eight 
Triconodon and Triacan- 
thodon). As any synopsis 
of the characters of the 
genera would be scarcely in- 
Be eee telligible without minute 
Geren descriptions and reference 
to figures, the reader who 
desires further information is referred to the memoir 
cited above. 

B. With asingle, strong, pointed, slightly curved 

incisor, placed close to the median line as in Rodents. 


io 


Fre. 18.—Spalacotherium tricuspidens (twice 
nat. size), Purbeck beds. From Owen. 


Fie, 20.—Plagiaulax becelesti (twice nat. size). From Owen, 


No canine. Three or four compressed, trenchant, 


MONOTREMATA. | 


obliquely grooved premolars, increasing in size from 
first to last, and two small molars with low multituber- 
culated crowns. Genus Plagiaulax, Falconer. This 
remarkable and highly specialized type has been the 
occasion of one of the most interesting discussions on 
the inferences which may be drawn as to the affinities 
and habits of an otherwise unknown animal from the 
structure of a small portion of its organization which 
occurs in the annals of natural history, a discussion 
carried on with great ability, ingenuity, and wealth 
of illustration on both sides. Dr. Falconer main- 
tained that it was more nearly allied to the Rat-Kan- 
aroo (Hypsiprymnus) than to any other existing 
orm, and that, as it is known that these animals feed 
upon grass and roots, 
gtaulucz that the species were herbivorous or frugivor- 
ous. I can see nothing in the character of their teeth,”’ 
he adds, ‘‘to indicate that they were either insectivor- 
ous or omnivorous.’’ Professor Owen, on the other 
hand, from the same materials came to the conclusion 
that ‘‘the physiological deductions from the above- 
described characteristics of the lower jaw and teeth of 
Plagiaulax ave that it was a carnivorous Marsupial. 
It probably found 
its prey in the con- 
temporary small in- 
sectivorous imaim- 
mals and Lizards, 
supposing no_her- 
bivorous form like 
Stereognathus — to 
have co-existed dur- 
ing the Upper 
Oolite period.” It 


Fig, 21.—Plagiaulax minor (four times 


nat. size). From Lyell. 


is imposible here to give at any length the arguments | 


by which these opposing views are respectively sup- 
ported, but it may be indicated that the first-mentioned 
is strongly countenanced by the consideration of the 
following facts:—(1) all existing Marsupials may be 
divided, as far as their dentition is concerned, into two 
groups—(«) those which have a pair of large more or 
less procumbent incisors close to the symphysis of 
the lower jaw, and rudimentary or no canines (dipro- 
todont dentition; families Phascolomyide, Macropo- 
dide, and Philangistide), and (1) those which have 

numerous small incisors, and large pointed canines 
(polyprotodont dentition; families Perumelida, Dasy- 
uridce, and Didelphide) : (2) the vast majority of the 
former group are purely vegetable feeders, and almost 
all of the latter are carnivorous or insectivorous; and 
(3) Plagiaulux, so far as its structure is known, be- 
longs obviously to the former group, and, as we have 
no sure basis for inferences as to the habits of an un- 
known animal but the knowledge of the habits of such 
as are known, we have no grounds for supposing that 
its habits differed from those of its structural con- 
geners,! 

That the two types of dentition still found among 
Marsupials should have existed side by side in so re- 
mote a period of time as that in which the Purbeck 
bone bed was deposited, and that one of these types 
should have already attained so singular a degree of 
specialization, is one of the most remarkable facts yet 
revealed by mammalian paleeontology. Whether the 
eae of the upper jaw correspond also to the modern 

rotodont type is a question of great interest, for the 
ae of which we must await future discoveries, 
of which we have more hope since the announcement 
by Professor Marsh of the existence, in considerable 
numbers, of small mammals in the American Jurassic 
formations of the Rocky Mountains, which conform in 
all their general characters to those of the Knglish 

1 The whole discussion is contained in the following memoirs: 
—(1) H, Falconer, “ Description of Two Species of the Fossil Mam- 
malian genus Plagiaulax, from Purbeck,” Quart. Jour. Geol, Soe., 
August, | 1857; (2) R. Owen, art. “Paleontology,” Encyclopedia 
Britannica, sth ed., 1859; (3) . Faleoner, “On the disputed Affin- 

of the Mammalian genus Plagiaulaz,” Quart, Jour. Geol, Soe., 


Re sber, 1860; (4) R. Owen, ‘‘Monograph of the Fossil Mam- 
malia of the Mesozoic Formation,” Palwontographical Society, 1871. 
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Purbecks, some being even considered to be generi- 
cally identical. Both polyprotodont and diprotodont 
types are represented, the latter by a species called by 
its discoverer Ctenacodon serrutus, very closely allied 
to Plagiuulax. 

It will be of very great interest to know the mode 
of succession of the teeth of those early mammals, as 
it may throw some light upon the question of the re- 
lation of the succession of teeth in mammals generally 
with the same process in the inferior classes of the 
Vertebrata. There is, however, as yet very little, if 
any, reliable evidence upon the subject, but such as 
there is rather points to the fact of an absence or 
very feeble development of the diphyodont condition, 
resembling that of modern Marsupials. If this is so, 
it may le ead to the somewhat startling conclusion that 
in the transition from the lower vertebrate to the 
mammal, by whatever process it took place, the in- 
definite reproduction of the teeth of the former was 
lost, and that a monophyodont condition supervened, 
which was again superseded by the peculiar definite 
diphyodont mode of succession characteristic of the 
most highly organized mammals. 

There is nothing yet known in the structure of these 
small mammals of the Mesozoic ages of the world to 
connect them with the surviving representatives (the 
Monotremes) of the hypothetical Prototheria; but 
whether their position was among the J/etutheria or 
Hutheria, or whether they represented generalized 
forms from which both these branches have been de- 
rived, it is impossible at present to say. ‘To avoid the 
difficulty of endeavoring to find places for them in any 
of the existing groups, Marsh proposes’ to found two 
new orders for their reception—luntotheria for those 
of the polyprodont or insectivorous type of dentition, 
and ‘Allotheria for Plagiaulax and its allies. ‘The 
former may be convenient, but it is scarcely advisable 
to separate the latter ordinarily, aslong as we continue 
to place Phascolomys and Thylacinus, Chiromys and 
Lemur, Trichecus and Phoca in the same orders, for 
Plagiaulax and Amphitheriwm do not differ in the 
characters of their jaws and teeth more than any of 
these examples, ahah show how much the dentition 
may be modified with comparatively little general 
diversity of structure. 

This scanty evidence of mammalian life must bear a 
very small proportion to that which doubtless existed 
during the greater part of the vast Mesozoic period. 
The Cretaceous formations have as yet yielded no trace 
of the presence of animals of this class ; but the num- 
ber and variety of species met with in the earliest Ter- 
tiary formations, when already, differentiation into 
most of the existing leading divisions had taken place, 
strikingly proves the imperfect state of our geological 
ae during the immediately antecedent ages of the 
world. 


CHARACTERS OF THE DIFFERENT ORDERS AND 
FAMILIES AND OF THE PRINCIPAL FORMS 
OF THE MAMMALIA. 


Supciass PROTOTHERIA or 
ORNITHODELPHIA, 


The principal distinguishing characteristics of this 
group have been already given (p. 874). They apply 
not only to the subclass, but of course equally to the 
one order MonorremMata, in which the few known 
members of the group are commonly associated. In 
addition to the more important characters enumerated 
above, the foll owing, which are common to all existing 
species, may be mentioned. 

The dorso-thoracic vertebree are nineteen in number, 
and have no terminal epiphyses to their bodies. The 
2 “Notice of Jurassic Mammals representing two New Orders,” 
American Journal of Science, xx., September, 1880. Accounts of 
further discoveries of forms allied to Plagiaulax, some sucy iving 


even to the earliest Tertiary period, are given by Cope in the 
American Naturalist for November, 1881, and] May, 1882, 
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transverse processes of the cervical vertebrae are of 
autogenous formation, and remain suturally connected 
with the remainder of the vertebra-until the animal is 
full-grown. Though in this respect they present an 


approximation to the Sawropsida (Reptilesand Birds), | 


they differ from that group, inasmuch as there is not a 
gradual transition from these autogenous transverse 
processes of the neck (or cervical ribs, as they may be 
considered) into the thoracic ribs, for in the seventh 
vertebra the costal element is much smaller than in 
the other, indicative of a very marked separation of 
neck from thorax, not seen in the Sauropsida. The 
upper ends of the ribs are attached to the sides of the 


bodies of the dorsal vertebrae only, and not to the trans- | 


verse processes. ‘The sternal ribs are well ossified, and 
there are distinct partly ossified intermediate ribs. 
The cerebral cavity, unlike that of the lower Marsu- 
pials or the Reptiles, with which they have so many 
structural] affinities, is large and hemispherical, flattened 
below and arched above, and about as broad as long. 


The cribriform plate: of the ethmoid is nearly hori- | 


zontal. ‘The cranial walls are very thin, and smoothly 


rounded externally, and the sutures become completely | 


obliterated in adult skulls, as in Birds. The broad 
oceipital region slopes upwards and forwards, and the 
face is produced into a long and depressed rostrum. 
The bony palate is prolonged backwards, so that the 


posterior nares are nearly on a level with the glenoid | 
I g 


fossa. The mandible is without distinct ascending 
ramus; the coronoid process and angle are rudimentary, 


and the two halves are loosely connected at the sym- | 


physis. The fibula has a broad, flattened process, 
projecting upwards from its upper extremity above the 
articulation, like an olecranon.’ In the male there is 
an additional, flat, curved ossicle on the hinder and 
tibial side of the plantar aspect of the tarsus, articu- 
lating chiefly to the tibia, which supports in the adult 
asharp-pointed perforated horny spur, with which is 
connected the duct of a gland situated beneath the 
skin of the back of the thigh, the function of which is 
not yet clearly understood. (A rudimentary spur is 
found in the young female Ornithorhynchus, but this 
disappears when the animal becomes adult.) The 


stomach is subglobular, simple; the alimentary canal | 


has no ilio-cascal valve, or marked distinction between 
large and small intestine, but has a small, slender 
vermiform caecum with glandular walls. The liver is 
divided into the usual number of lobes characteristic 
of the Mammalia, and is provided with a gall-bladder. 

Although agreeing in so many important characters, 
the existing members of the group evidently represent 
two very diverging branches, perhaps as far removed as 
are the members of some of the accepted orders of the 
Eutheria. 1t would, however, be encumbering zoolog- 
ical science with new names to give them any other 
than the ordinarily known family designations of 
Ornithorhynchide and Echidnide. 


Family ORNITHORHYNCHID &. 


One genus, Ornithorhynchus, Blamenbach, 1800.1 Cerebral 
hemispheres smooth. Premaxille and mandible expanded 
anteriorly and supporting a horny beak something like 
that of a duck, bordered by a naked and very sensitive 
membranous expansion, 
functionally by horny structures, elongated, narrow, and 
sharp-edged along the anterior part of the sides of the 
mouth, and broad, flat-topped or molariform behind. Legs 
short, fitted for swimming; feet webbed, each with five 


well-developed toes armed with large claws, and beyond | 


which in the fore feet the interdigital membrane is ex- 
tended. Vertebre: C7, D 17, L2,82,C 21. Acetabulum 
not perforated. Tongue not extensile. Mucous membrane 
of small intestine covered with delicate, close-set transverse 
folds or ridges. ‘Tail rather short, broad, and depressed. 
Eyes very small. Fur close and soft. One species, O. ana- 
tinus (Shaw), O. paradocus (Blum.), the duck-billed Platypus, 
or Water-Mole of the colonists, entirely aquatic in habits, 
diving with great facility, and burrowing in the banks of 


1 The name Platypus, bestowed by Shaw in 1799, was preocenpied 
by a genus of Coleoptera, 
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{rivers. It feeds on water insects, small mollusea, and 
worms, and inhabits Australia and Tasmania. See ORNI- 
THORHYNCHUS. 


Family ECHIDNID A. 


Cerebral hemispheres larger and well convoluted. Facial 
portion of skull produced into a long, tapering, tubular 
rostrum, at the end of which the anterior nares are situated. 
Rami of mandible slender, styliform. Opening of mouth 
small, and placed below the extremity of the rostrum. No 
laterally placed horny teeth, though the palate and tongue 
are furnished with spines. ‘Tongue very long, vermiform, 
slender, and protractile. Lining membrane of small intes- 
tine villous, but without transverse folds. Feet not webbed, 
but with long strong claws fitted for scratching and bur- 
rowing. ‘The hinder feet with the ends of the toes turned 
outwards and backwards in the ordinary position of the 
animal when on the ground. Tail very short. Acetabulum 
with a large perforation, as in Birds. Calcaneal spur and 
gland of the male much smaller than in Ornithorhynchus. 
Fur intermixed with strong, sharp-pointed spines. ‘Terres- 
trial and fossorial in habits, feeding exclusively on ants, 
and recalling in the structure of the mouth and yarious 
other parts relating to the peculiar mode of life the true 
| Anteaters of the order Edentata. 
| Recent discoveries have shown that there are two distinct 
forms of this family, which may even be considered of 
generic value. 
Echidna (Cuvier, 1797) or Tachyglossus (Illiger, 1811).2— 
| Claws five on each foot. Rostrum moderately developed 
and straight. Vertebre: C7, D 16, L3,83,C12. Tongue 
tapering at the tip, the spines restricted to the basal por- 
tion. The best known species is 2. aculeata (Shaw), found 
in Australia and Tasmania. The specimens from the latter 
locality, with longer fur almost concealing the spines, have 
been separated specifically under the name of FH. setosa 
/(Cuv.). Another species, E. lawesii (Ramsay), has lately 
been discovered in southern New Guinea. See ECHIDNA. 
Acanthoglossus (Gervais)—Ungual phalanges and claws 
‘present only on the three middle digits of both fore and 
hind feet. Rostrum much elongated and curved downwards 
atthe end. Vertebre: C 7,D17, L4,83,C 12. Tongue 
somewhat spoon-shaped near the tip, and armed on its 
| dorsal surface with three rows of recurved spines. One 
| species: A brwijuii (Peters and Doria) (fig. 22), from the 


From Gervais, 
mountainous regions of the northern part of New Guinea; 


FiG. 22.—Acanthoglossus bruijnii. 


considerably larger than 2. aculeata. The external char- 
acters and osteology of this animal, one of the most 
interesting of recent zoological discoveries, have been fully 
described and figured by Gervais( Ostéographie des Monotrémes, 
Paris, 1878). 

Among bones of extinct Marsupials of Pleistocene age 
| from the Darling Downs, Mr. Krefft found a portion of a 
humerus of an Echidna, considerably larger than the ex- 
isting Australian species, which he has named JL. oweni2 
Notwithstanding the strong presumption of antiquity of 
‘the Monotrematous type, derived from its inferiority of 
structure, no fossil remains of earlier date, referable to it, 
or connecting it with the lower vertebrates on the one hand 
and the higher mammals on the other, have yet been 
discovered. 


Susciass METATHERIA or DIDELPHIA. 


Although the great diversity in external form, in 


2 The latter name is often used now, under the impression that 
Echidna is preoccupied by Forster (1778) for a genus of Pisces ; 
but, as that was not characterized in a recognizable manner, the 
author even omitting to name the species for which it was in- 
| tended, it is now generally considered a synonym for Muwrena (see 

Giinther’s Catalogue of Fishes), and is scarcely sufficient to bara 
; name so universally acknowledged and so deeply rooted in mam- 
malian literature, Merrem’s genus Hehidna (Reptilia) is of later 
' date, viz., 1820 E 
| Annals and Mag. Nat. Hist,, 1868, vol. i. (ser. iv.) p. 113, 
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many anatomical characters, and in mode of life of 
various animals of this section might lead to their 
division into groups equivalent to the orders of the 
Lutheria, it is more convenient on the whole to adhere 
to the usual custom of treating them all as forming one 
order called MARsuPIALIA, the limits of which are 
therefore equivalent to that of the subclass. ‘The more 
essentially distinctive characters have been already 
pointed out (p. 374). These may be more fully stated 
as follows: 

The brain is generally small in proportion to the size 
of the animal, and the surface folding of the cerebral 
hemispheres, though well marked in the larger species, 
is never very complex in character, and is absent in 
the smaller and medium-sized species. The arrange- 
ment of the folding of the inner wall of the cerebrum 
differs essentially from that of all known Mutheria, the 
hippocampal fissure being continued forward above 
the corpus callosum, which is of very small size. ‘The 
anterior commissure is, on the other hand, greatly de- 
veloped. 

There are always true teeth, implanted in the usual 
manner in both jaws, and divisible, according to their 
position and form, into incisors, canines, premolars, 
and molars; but they vary much in number and char- 
acter in the different families. Hxcept in the genus 
Phascolomys, the number of incisors in the upper and 
lower jaws is never equal. The true molars are very 

enerally four in number on each side of each jaw. 
The chief peculiarity in the dentition lies, however, in 
the mode of succession. There is no vertical displace- 
ment and succession of the teeth, except in the case of 
a single tooth on each side of each jaw, which is always 
the hindermost of the premolar series, and is preceded 
by a tooth having more or less of the characters of a 
true molar (see fig. 23), and is the only tooth com- 


Fic. 28. Teeth of Upper Jaw of Opossum (Didelphys virginiana), all 
of which are unchanged, except the third premolar, the place 
of which is occupied in the ses animal by a molariform 
eet represented in the figure below the line of the other 
teeth, 


parable to those called ‘‘milk teeth’’ in the diphy- 
odont Hutheria. In some cases (as in Hypsiprymnus) 
this tooth retains its place and function until the ani- 
mal has nearly, if not quite, attained its full stature, 
and is not shed and replaced by its successor until after 
all the other teeth of the permanent series, including 
the posterior molars, are fully in place and use. In 
others, as the Thylacine, it is most rudimentary in 
form and size, being shed or absorbed before any of 
the other teeth have cut the gum, and therefore quite 
functionless. It must further be noted that there are 
some Marsupials, as the Wombat, Koala, Myrmeco- 
bius, and the Dasyures, in which no such milk tooth, 
even in a rudimentary state, has yet been discovered, 
possibly in some cases from want of materials for ob- 
servation at the right stage of development. 

Epipubic or marsupial bones are present in both 
sexes of nearly all species. In one genus alone, Vhy- 
lacinus, they are not ossified. The number of dorso- 
lumbar vertebree is always nineteen, although there 
are some apparent exceptions caused by the last lum- 
bar being modified into a sacral vertebra. The num- 
ber of pairs of ribs is nearly always thirteen. The 
tympanic bone remains permanently distinct. The 
carotid canal perforates the basi-sphenoid. The lacry- 


1W. H. Flower, “On the Commissures of the Cerebral Hemi- 
spheres of the Marswpialia,” ete., Phil. Trans., 1865, p. 633, 
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] mal foramen is situated upon or external to the anterior 


margin of the orbit, and there are generally large 
vacuities in the bony palate. The angle of the mandi- 
ble is (except in Varsipes) more. cx less inflected. The 
hyoid bones have always a peculiar form, consisting of 
a small, more or less lozenge-shaped basi-hyal, broad 
cerato-hyals, with the remainder of the anterior arch 
usually unossified, and stout, somewhat compressed 
thyro-hyals. There are two anterior venze cavee,? into 
each of which a ‘‘ vena azygos’’ enters. In the male 
the testes are always contained in a scrotum which is 
suspended by a narrow pedicle to the abdomen in front 
of the penis. ‘The vasa deferentia open into a complete 
and continuous urethra, which is also the passage by 
which the urine escapes from the bladder, and is per- 
fectly distinct from the passage for the feces, although 
the anus and the termination of the urethro-sexual 
canal are embraced by the same sphincter muscle. ‘The 
glans is often bifurcated anteriorly. In the female the 
oviducts neyer unite to form a common cavity or 
uterus, but open separately into the vagina, which at 
least for part of its course is double. During the very 
short period in which the embryo is contained in the 
uterns, its nourishment seems to be derived from the 
umbilical vesicle, the allantoic vessels not reaching the 
surface of the chorion to forma true placenta. The 


mammee vary much in number, but are always ab- 
dominal in position, have long teats, and in most of 
the species are more or less inclosed in a fold of the 
integument forming a pouch or marsupium, though in 
some this is entirely wanting, and the newly-born, 
blind, naked, and helpless young, attached by their 
mouths to the teat, are merely concealed and protected 
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Fig.24—Front View of Skull of Dasyurus ursinus, showing polypro- 
todont and carnivorous dentition (Proc, Geol. Soc., 1868, p. 318). 


by the hairy covering of the mother’s abdomen. In 
this stage of their existence they are fed by milk in- 
jected into their stomach by the contraction of the 
muscles covering the mammary gland, the respiratory 
organs being modified temporarily, much as they are 
permanently in the Cetacea,—the elongated upper 
part of the larynx projecting into the posterior nares, 
and so maintaining a free communication between the 
lungs and the external surface independently of the 
mouth and gullet, thus averting the danger of suffoca- 
tion while the milk is passing down the latter passage. 
The existing species of Marsupials are, with the ex- 
ception of one family (the Didelphide), limited in 
geographical distribution to the Australian region, 
forming the chief mammalian fauna of Australia, New 
Guinea, and some of the adjacent islands. The Didel- 
phide are almost purely neotropical, one or two species 
ranging northwards into the Nearctic region. Fossil 
remains of members of this family have also been 
found in Europe in strata of the Hocene and early 
Miocene period. 
re wee in Belideus breviceps (Forbes, Proc. Zool. Soc., 1881, p. 
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In dividing the Marsupials into minor groups, it | 


may be observed that one of the most obvious distine- 
tive characters among them is derived from the form 
and arrangement of the teeth. In certain species, as 
the Opossums, Dasyures, and Thylacines, the incisors 


are numerous, small, and subequal in size, and the 
canines large, as in the typical placental Carnivores 


(fig. 24; compare with that of Lion, vol. xiv. p. 686). 
To these the term ‘’ polyprotodont”’ is applied, and 
they are all more or less carnivorous in their habits. In 
others the central incisors are very prominent, and the 
lateral incisors and canines absent or subordinate in 
function (fig. 25). These are called ‘‘diprotodont,’’ and 
they are all wholly or in great part vegetable feeders. 
Tn one group of these, the Wombats, there are but two 
incisors above and the same number below; but all the 
others, including the Kangaroos, Koalas, and Pha- 
langers, have two incisors below and as many as six 
above, three on each side, but of these the first or 
central pair is the most fully developed. 

Though this division is extremely convenient, a 
difficulty in ac- 
cepting it as 
marking a radi- 
cal separation 
of the order in- 
to two primary 
stocks is caused 
by the Pera- 
melidee, which 
combine a poly- 
protodont form 
of dentition 
with a peculiar 
structure of the 
hind feet so 
exactly resem- 
bling that of 
some of the 
best-marked di- 
protodonts, as 
the Kangaroos, 
that it is dith- 
cult to believe 
that it can have Fie. 25.—Front View of Skull of Koaia (Phas- 


k Javel 1 colarctos cinereus), showing diprotodont and 
es ‘ ok ik herbivorous dentition (Proc. Geol. Soc., 1868, 
independently. 


p. 318). 
Taking various 
combinations of characters into consideration, the ex- 
isting Marsupials readily group themselves into six 
very natural families, the characters of which can be 
thus defined :— 


A. Teeth rooted. 

a, Polyprotodont.—Incisors numerous, small, subequal. 
Canines larger than the incisors. Molars with 
sharp tubercles. 

a. Incisors 3. Hind feet with the four outer toes 
subequal, distinct, and a well-developed 
opposable hallux. 1. Didelphide. 

6. Incisors 4. Hind feet with four outer toes 
distinct, subequal. Hallux small or rudi- 
mentary; rarely opposable. 2. Dasyuride. 

y. Incisors 4. Hind feet long, narrow. Fourth 
toe larger than all the others. Hallux rudi- 
mentary or absent. Second and third toes 
very slender and united in a common integu- 
ment (syndactylous). 3. Peramelide. 

6. Diprotodont.—Incisors #7. Central upper and lower 
incisors large and cutting. Canines absent or 
small. Molars with bluntly tuberculated or trans- 
versely ridged crowns. Hind feet syndactylous. 

a, Hind limbs disproportionately large, with feet 
as in Peramelide. 4. Macropodide. 

6. Hind limbs not disproportionately large. Feet 
broad, with four subequal outer toes, and a 
large opposable hallux. 5. Phalangistide. 

B. All the teeth with persistent pulps. Incisors 4, large, 
scalpriform, with enamel on the outer surface only. No 
canines. Hind feet with four subequal outer toes; 
partially syndactylous and with rudimentary hallux. 
6, Phascolomyide. 
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Family DIDELPHID A. 


Dentition: 1 3,¢4,p3, m4: total 50. Incisors very small 
and pointed. Canines large. Premolars with compressed 
pointed crowns. Molars with numerous sharp cusps. ‘The 
third premolar preceded by a deciduous multicuspidate 
molar, which remains in place until the animal is nearly 
adult. Limbs of moderate development, each with five 
complete and distinct toes, all of which are provided with 
short, compressed, curved, sharp claws of nearly equal size, 


|except the first toe of the hind foot or hallux, which is 


large, widely separable from the others, to which it is 
opposed in climbing, and terminates in a dilated rounded 
extremity, without a nail. Tail generally long, partially 
naked and prehensile. Stomach simple. Caecum of small 
or moderate size. Pouch in some complete, in others repre- 
sented by two lateral folds of the abdominal integument, 
partially covering the teats, while in some all trace of it is 
absent. Vertebree: C7, D 13, L 6, S 2, C 19-35. 

The Didelphide, or true Opossums, differ from all other 
Marsupials in their habitat, being peculiar to the American 
continent. They are mostly carnivorous or insectivorous 
in their diet, and arboreal in habits. One slightly aberrant 
form, with webbed hind feet, and aquatic mode of life, con- 
stitutes the genus Chironectes, The other numerous species 


are commonly included in the genus Didelphys. See 
OpossuM. 
Family DASYURIDA. 
Dentition: i 4,¢ 4, p and m numerous, variable. Incisors 


small; canines well developed ; molars with pointed cusps. 
Limbs equal. Fore feet with five subequal toes with claws. 
Hind feet with the four outer toes well-developed, and 
distinct from each other and bearing claws; the first (or 
hallux) clawless, generally rudimentary, sometimes entirely 
wanting. Stomach simple. No cecum. Predatory, car- 
nivorous or insectivorous animals, inhabitants of Australia, 
Tasmania, and the southern parts of New Guinea. and some 
of the adjacent islands. The aberrant genus Myrmecobius, 
though clearly a member of this family, is so sharply dis- 
tinguished from all the others as to render a division into 
two subfamilies necessary. 

Subfamily Dasyurinze.—This comprises the most typical 
Dasyuwride, in which the premolars and molars never exceed 
the normal number of seven on each side of each jaw, and 
in which the tongue is not specially extensile. 

Thylacinus.—Dentition: «4, ¢4, p 4,m 4—46. Incisors 
small, vertical, the outer one in the upper jaw larger than 
the others. Summit of the lower incisors, before they are 
worn, with a deep transverse groove, dividing it into an 
anterior and a posterior cusp. Canines long, strong, and 
conical. Premolars with compressed crowns, increasing in 
size from before backwards. ‘True molars in general char- 
acters resembling those of Dasyurus, but of more simple 
form, the cusps being not so distinct nor sharply pointed. 


Milk molar very small, and shed before the animal leaves 


the mother’s pouch. General form very Dog-like. Head 
elongated. Muzzle pointed. Ears moderate, erect, tri- 
angular. Fur short and closely applied to the skin. Tail 
of moderate length, thick at the base and tapering towards 
the apex, clothed with short hair. Hallux (including the 
metacarpal bone) wanting. Vertebree: C7, D 13, L 6,S 2, 
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C 23. Marsupial bones represented only by small unossified 
fibro-cartilages. 

The only known species of this genus, 7. cynocephalus, 
though smaller than a common Wolf, is the largest preda- 
eeous Marsupial at present existing. It is now entirely 
confined to the island of Tasmania, although fragments of 
bones and teeth found in caves afford evidence that a closely 
allied species once inhabited the Australian mainland. 
The general color of the Thylacine is gray-brown, but it 
has a series of transverse black bands on the hinder part 
of the back and loins, whence the name of “Tiger” fre- 
quently applied to it by the colonists. It is also called 
“Wolf,” and sometimes, though less appropriately,‘ Hyena.” 
Owing to the havoc it commits among the sheepfolds, it has 
been nearly exterminated in all the more settled parts of 
Tasmania, but still finds shelter in the almost impeuetra- 
ble rocky glens of the more mountainous regions of the 
island. The female produces four young ata time. 

Dasywrus.—Dentition: 1 4, ¢4, p 3, m4; total 42. Upper 
incisors nearly equal, and placed vertically. In the smaller 
species the first is slightly longer, narrower, and separated 
from the rest. Lower incisors nearly vertical in the larger, 
but sloping forwards and upwards in the smaller species. 
Canines large and sharply pointed. Premolars, in the typi- 
cal forms, with compressed and sharp-pointed crowns, and 
slightly developed anterior and posterior accessory basal 
cusps. True molars with numerous sharp-pointed cusps. 
In the upper jaw the first three with crowns having a tri- 
angular free surface, the fourth small, simple, narrow, and 
placed transversely. In the lower jaw the molars more 
compressed, with longer cusps; the fourth not notably 
smaller than the others. Ears of moderate size, prominent, 
and obtusely pointed, Hallux rudimentary, clawless, or 
absent ; its metatarsal bone always present. Tail generally 
long and well clothed with hair. Vertebra: C 7, D13, L6, 
$2, C18-20. The true Dasyures are mostly inhabitants of 
the Australian continent and Tasmania, where in the 
economy of nature they take the place of the smaller pre- 
daceous Carnivora, the Cats, Civets, and Weasels of other 
parts of the world. They hide themselves in the daytime in 
holes among rocks or in hollow trees, but prowl about at 
night in search of the small living mamunals and birds 
which constitute their prey. The species are not nume- 
rous, and divide themselves into two sections. (1) Dasyurus 
proper includes D, maculatus, about the size of a common 
Cat, inhabiting Tasmania and the southern part of Aus- 
tralia; D. viverrinus or maugei, Tasmania and Victoria; D. 
geoffroyi, South Australia; D. hallucatus, North Australia; 
D. albopunctutus, New Guinea. (2) Sarcophilus contains one 
species, D. ursinus, differing from the others in being a 
larger and heavier animal, with a disproportionally large 
and broad head. Its teeth are relatively larger and more 
massive, and hence more crowded in the jaws; the pre- 
molars especially are scarcely compressed but rather coni- 
eal; the lower molars want a cusp placed near the middle 
of the inner border, found developed in different degrees in 
all the species of the first section. This animal is peculiar 
to Tasmania, where it is commonly known by the name of 
“Devil.” Its prevailing color is black, its size about that 
of an English Badger, and its disposition remarkably say- 
age and voracious. 

Phascogale.—This genus (more properly Phascologale) com- 
prises a considerable number of small Marsupials, none of 
them exceeding a common Rat in size, differing from the 
true Dasyures in possessing an additional premolar,—the 
dentition being i 4, ¢ 4, p %, m $; total 46,—and having the 
teeth generally developed upon an insectivorous rather 
than a carnivorous pattern, the upper middle incisors being 
larger and inclined forwards, the canines relatively smaller, 
and the molars with broad crowns, armed with prickly 
tubercles. The muzzle is pointed. Ears moderately 
rounded and nearly naked. Fore feet with five subequal 
toes, with compressed, slightly curved pointed claws. Hind 
feet with the four outer toes subequal, with claws similar 
to those in the fore feet ; the hallux almost always distinct 
and partially opposable, though small and nailless, some- 
times absent. The food of these animals is almost entirely 
insects, which some pursue among the branches of trees, 
while others are purely terrestrial. They are found 
throughout Australia, and also in New Guinea and the Aru 
and some of the adjacent islands. Variations in the details 
of the dentition and of the structure of the hind limbs, and 
in the length and arrangement of the hairy covering of the 
tail, have given rise to several subdivisions, which will pro- 
bably be accepted as generic by most zoologists, although 
further investigations are required before their limits can 
be very satisfactorily defined. 

P. cristicauda, a species with a thick compressed tail orna- 
mented upon its apical half with a crest of black hair, 
differs from the others by the very reduced size of the third 
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premolar in the upper and its complete absence in the lower 
jaw, thus forming an interesting transition in dentition 
towards Dasyurus. It constitutes the genus Chetocercus of 
Krefft. Another very aberrant form, P. lanigera, distin- 
guished by the great elongation of, the forearm and hind 
foot, and the complete absence of hallux, is Antechinomys of 
the same author. It is an elegant little terrestrial mouse- 
like animal, with large oval ears and long tail, with the 
terminal part bushy. Antichinus and Podabrus are names 
proposed for other divisions of the group, 

Subfamily Myrmecobiinze.—Molars and premolars ex- 
ceeding the normal number of seven on each side. Tongue 
long and extensile. 

Myrmecobins.—Dentition : i $,¢4, p 4, m & or ; total 52 
or 54, being the largest number of teeth in any existing 
Marsupial. The distinction between the molars and pre- 
molars is not certain, as it is not founded on a knowledge 
of the succession of the teeth, but on their form. The 
teeth are all small and (except the four posterior inferior 
molars) separated from each other by an interval. Head 
elongated, but broad behind. Muzzle long and pointed. 
Ears of moderate size, ovate, and rather pointed. Fore 
feet with five toes, all having strong, pointed, compressed 
claws, the second, third, and fourth nearly equal, the fifth 
somewhat and the first considerably shorter. Hind feet 
with no trace of hallux externally, but the metatarsal bone 
is present. Tail long, clothed withlong hairs. Fur rather 
harsh and bristly. Female without any trace of a pouch, 
the young when attached to the nipples being concealed 
only by the long hair of the abdomen. Vertebrie: C7, D 
13, L 6, 8 3, C 23. 


Fic. 27.—Myrmecobius fasciatus. From Gould. 


Of this singular genus but one species is known, J. fas- 
ciatus, found in western and southern Australia. It is 
about the size of an English squirrel, to which animal its 
long bushy tail gives it some resemblance; but it lives en- 
tirely on the ground, especially in sterile, sandy districts, 
feeding on ants. Its prevailing color is chestnut-red, but 
the hinder part of the back is elegantly marked with broad, 
white, transverse bands on a dark ground. 


Family PERAMELID®. 


Dentition: 74,¢4,p %,m 4; total 48. Upper incisors 
small, with short, broad crowns. Lower incisors moderate, 
narrow, proclivous. Canines well developed. Premolars 
compressed, pointed. Molars with quadrate tuberculated 
crowns, Third premolar preceded by a very minute molari- 
form tooth, which remains in place until the animal is 
nearly full grown. Fore feet with two or three of the 
middle toes of nearly equal size, and provided with strong, 
sharp, slightly curved claws; the other toes rudimentary. 
Hind feet long and narrow; the hallux rudimentary or 
absent; the second and third toes very slender, and united 
in a common integument; the fourth very large, with a 
stout elongated conical claw; the fifth smaller than the 
fourth (see fig. 29). The ungual phalanges of the large 
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toes of both feet cleft at their extremities (as in Manis 
among the Hdentata, but in no other Marsupials.) Head 
elongated. Muzzle long, narrow, and painted. Stomach 


Fic, 28.—Perameles gunnii. From Gould. 
Cecum of moderate size. Pouch complete, gene- 
Alone among Marsupials they 


simple. 
rally opening backwards. 
bave no clavicles. 

The Peramelide form a very distinct family, in some re- 
spects intermediate between the sarcophagous Dasyuride 
and the phytophagous Macropodide. In dentition they re- 
semble the former, but they agree with the latter in the 
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peculiar structure of the hind feet. 


may be divided into three genera. 


Inthe construction of 
the fore feet they differ from all other Marsupials. 


They 


Perameles.—Anterior and posterior extremities not differ- 


ing greatly in development. 
toes well developed, the third slightly lar- 
ger than the second, the fourth somewhat 
shorter, provided with long, strong, slightly 
curved, pointed claws. First and fifth toes 
very short and without claws. Hind feet 
with hallux of one or two phalanges, form- 
ing a distinct tubercle visible externally ; 
the second and third toes very slender, of 
equal length, joined as far as the ungual 
phalanx, but with distinct claws; the 
fifth intermediate in length between these 
and the largely developed fourth toe. 
Ears of moderate or small size, ovate, 
pointed. Tail rather short, clothed with 
short adpressed hairs. Furshort and harsh. 
Pouch opening backwards. Vertebree: C 
7, Didl3; 1G; Sane 

The animals of this genus, commonly 
called ‘“‘ Bandicoots,” in Australia, are all 
small, and live entirely on the ground, 
making nests composed of dried leaves, 
grass, and sticks in hollow places. They 
are rather mixed feeders; but insects, 
worms, roots, and bulbs constitute their 
ordinary diet. The various species are 
widely distributed over Australia, Tas- 
mania, New Guinea, and several of the ad- 
jacent islands, as Aru, Kei, and New 
Ireland. The best known are—P. fas- 
ciata, gunnit (fig. 28), myosurus, nasuta, 
obesula, and macrura from Australia, and 
P. doreyana, saffrayana and longicauda from 
New Guinea. 

Macrotis. —Molar teeth curved, and with 
longer crowns and shorter roots than in 
the last. Hinder extremities proportionally 
longer, and hallux represented only by a 
small metatarsal bone. Muzzle much 
elongated and narrow. Fur soft and 
silky. Ears very large, long, and pointed. 
Tail long, its apical half clothed on the 
dorsal surface with long hairs. Pouch 
opening forwards. Vertebre; C7, D 13, 
L6, § 2, C 23. f 

But one species is known, M. lagotis, 
from western Australia. 


Fore feet with three middle 


Fria. 29.—Skeleton ! 
of Hind foot of 
Cheropus  casta- 
notis. c, os calcis, 
a, astragalus ; cb, 
cuboid; n, navi- 
cular; c3, ecto-, 
euneiform; I+ 
and III, the con- 
joined second 
and third digits; 
IV,the large and 
only functional 
digit; V, the ru- | 
dimentary fifth 
digit. Compare 
this foot with 
that of the Kan- 


garoo, Vol, xiii. p. 
848. 


It is the largest member of the’ 


family, being about the size of the common Rabbit, to | 
which animal it bears sufficient superficial resemblance ' 
to have acquired the name of ‘‘ Native Rabbit” from the 
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colonists. It burrows in the ground, but in other respects 
resembles the Bandicoots in its habits. 

Cheropus.—Dentition generally resembling that of Pera- 
meles, but the canines are less developed, and in the upper 
jaw two-rooted. Limbs very slender; posterior nearly 
twice the length of the anterior. Fore feet with the 
functional toes reduced to two, the second and third, of 
equal length, with closely united metacarpals and short, 
sharp, slightly curved, compressed claws. First toe rep- 
resented by a minute rudiment of a metacarpal bone; the 
fourth by a metacarpal and two small phalanges without a 
claw, and not reaching the middle of the metacarpal of 
the third; fifth entirely absent. Hind foot long and nar- 
row, mainly composed of the strongly developed fourth 
toe, terminating in a conical pointed nail, with a strong pad 
behind it; the hallux represented by a rudimentary meta-’ 
tarsal; the remaining toes completely developed, and with 
claws, but exceedingly slender; the united second and 
third reaching a little way beyond the metatarso-phalan- 
geal articulation of the fourth ; the fifth somewhat shorter. 
Tail not quite so long as the body, and covered with short 
hairs. Ears large and pointed, and folded down when the 
animal is at rest. Fur soft and loose. Pouch opening back- 
wards. Vertebre: C7, D 13, L 6,8 1, C 20. 

The only known species of this genus, chiefly remarkable 
for the singular construction of its limbs, is an animal 
about the size of a small Rat, found in the interior of the 
Australian continent. Its general habits and food appear 


From Gould, 


Fic. 30.—Cheropus castanotis. 


to resemble those of the other Peramelide, It was first 
described as C. ecaudatus by Ogilby from a mutilated speci- 
men, but the specific name was afterwards changed by Gray 
to castanotis, 


Family MACROPODID®. 


The general characters of this family, and an account of 
the animals composing it, will be found in the article KAN- 
GAROO, vol. xiii. pp. 847 sq.. 


Family PHALANGISTID#. 


Dentition (except in the aberrant genus Tarsipes): 7 3, 
the first above strong, curved, and cutting, the other two 
generally somewhat smaller; the single lower incisor large, 


more or less proclivous; ¢ ; u upper small or moderate, 


or 0, 
conical and sharp-pointed; lower absent or quite rudimen- 


tary ; pis variable; m or 3, with four obtuse tubercles. 


Limbs subequal. Fore feet with five distinct, subequal toes 
with claws. Hind feet, short and broad, witi five well-de- 
veloped toes; the hallux large, nailless and opposable; the 
second and third slender and united by a common integu- 
ment as far as theclaws. Stomachsimple. Czecum present 
(except in Tarsipes, and usually large. Pouch complete. 
Animals of small or moderate size and arboreal habits, feed- 
ing on vegetable-and mixed diet, inhabiting Australia and 
the Papuan Islands. Excluding Phascolarctos and especially 
Tarsipes, they form a very natural family. The latter is, 
however, evidently a modified form of the same general 
type, chiefly aberrant in the characters of its alimentary 


\ 


- such membrane, and have the tail more or less prehensile, 
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organs, which are adapted for a peculiar mode of subsis- 
tence, It may constitute a distinct subfamily. 

Subfamily Tarsipedinee.—Teeth almost rudimentary 
and variable in number. Tongue long, slender, pointed, and 
very extensile. Czecum absent. 

Tarsipes.—This is named from some supposed resemblance 
of its foot to that of the Lemurine genus Tursius; but it 
must be remarked that it has none of the peculiar elonga- 
tion of the calcaneum and scaphoid so characteristic of that 
genus. Head with elongated and slender muzzle. Mouth 
opening small, The two lower incisors are long, very slen- 
der, sharp-pointed, and horizontally placed. Allthe other 
teeth are simple, conical, minute, and placed at considera- 
ble and irregular intervals apart in the jaws, the number 
appearing to vary in different individuals and even on dif- 
ferent sides of the two individuals. The formula in a speci- 
men in the Museum of the Royal College of Surgeons is 
a = or total 20. Rami of the mandible 
extremely slender, nearly straight, and without coronoid 
process or inflected angle. Fore feet with five well-devel- 
oped toes, with small, flat, scale-like nails, not reaching to 
the extremity of the digits. Hind feet rather long and 
slender compared with that of the Phalangistine, with well- 
developed opposable and nailless hallux; second and third 
digits syndactylous, with sharp compressed curved claws; 
the fourth and fifth free, and with small flat nails. Ears of 
moderate size and rounded. Tail longer than the body and 
head, scantily clothed with short hairs, prehensile. Ver- 
tebre: C7, D 13, L5, $3, C 24. 

Of this singular genus but one species, 7 rostratus (fig. 
31), is known, about the size of a common Mouse. It 
inhabits western Australia, lives in trees and bushes, uses 
its tail in climbing, and feeds on honey, which it procures 
by inserting its long tongue into the blossoms of Melaleuce, 
ete. One kept in confinement by Mr. Gould was also ob- 
served to eat flies. 


» © 


From Gould, 


Fie. 31.—Varsipes rostratus, 


Subfamily Phalangistine. 

Teeth normal. Rudimentary lower canines present. 
Tongue of ordinary structure. Nocheek pouches. Stomach 
and ascending colon simple. Caecum long, simple. Tail 
well-developed. 

A numerous group, varying in size from that of a Mouse 
to a large Cat, arboreal in their habits, and abundantly dis- 
tributed throughout the Australian region. One section is 
distinguished by the possession of a flying membrane, or 
fold of skin, extending on each side of the body between 
‘the fore and hind legs, forming when the limbs are ex- 
tended a kind of parachute, as in the Flying Squirrels, and 
also by a non-prehensile tail. This includes the genera 
Petaurus, Belideus, and Acrobata. The remainder have no 


the under surface at least of the apical portion being bare. | 
These are the typical Phalangers, or ‘‘ Opossums” as they 
Vou. XV.—707 
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are commonly called in Australia (genus Phalangista), and 
their various modifications, as Cuscus, Pseudochirus, Dacty- 


lopsila. These will be more fully described in the article 
PHALANGER. 


Subfamily Phascolarctinee.—Tecth normal; no rudi- 
mentary lower canines. Tongue of ordinary structure. 
Distinct cheek pouches. Stomach with a special gland 
near the cardiac orifice. Ceecum very long and (with the 
upper portion of the colon) dilated and provided with 
numerous longi- 
tudinal folds of 
mucous mem- 
brane. In many 
anatomical char- 
acters, especially 
the possession of 
a special gastric 
gland, this group 
resembles the 
Phascolomyide, to 
which it obvious- 
ly forms a transi- 
tion) 

Phascolarctos.— 
Dentition :7 3, ¢ $, 
pt, m 4; total 30. 
Upper incisors 
crowded together, 
eylindroidal, the 
first much larger 
than the others, 
with a _ bevelled 
cutting edge (fig. 
25). Canine very 
small ; a consider- 
able interval be- 
tween it and the 
premolar, which 
is as long from be- 
fore backwards but not so broad as the true molars, and 
has a cutting edge, with a smaller parallel inner ridge. 
The molars slightly diminishing in size from the first to the 
fourth, with square crowns, each bearing four pyramidal 
cusps. The lower incisors are semiproclivous, compressed 
and tapering, bevelled at the ends. Premolars and molars 
in continuous series, as in the upper jaw. Fore feet with 
the two inner toes slightly separated from and opposable 
to the remaining three, all with strong, curved, and much 
compressed claws. Hind foot with the hallux placed very 
far back, large and broad, the second and third (united) 
toes considerably smaller than the other two; the fourth 
the largest. No external tail. Fur dense and woolly. 
Ears of moderate size, thickly clothed with long hairs. 
Vertebre: C7, D 11, L 8, 82,C8. Ribs eleven pairs, a 
rare exception to the usual number (13) in the Marsupialia, 

There is but one species, the Koala or Native Bear of the 
Australian colonists (P. cinereus), found in the southeast- 
ern parts of the Australian continent. It is about 2 feet in 
length, and of an ash-gray color, an excellent climber, and 
residing generally in lofty Hucalyptus trees,on the buds 
and tender shoots of which it feeds, though occasionally 
descending to the ground in the night. 


Fie. 82.Skeleton of Hind Foot of Koala 
(Phascolarctos cinereus), Showing the stout 
opposable hallux, followed by two slender 
toes, which in the living animal are in- 
closed as far as the nails in a common in- 
tegument. 


Kindred Fossil Forms. 


Here may be noticed several genera of extinct Marsu- 
pials, the remains of which have been found in the post- 
Tertiary deposits of Australia, which agree with the Ma- 
crepodide and the Phalangistide in having ? incisors, those 
of the lower jaw very large and procliyous. As the whole of 
their structure, especially that of the hind feet, is not yet 
known, their precise affinities cannot be determined. 

Diprotodon.—Dentition 7 #, ¢ §, p 4, m 4; total 28. The 
first upper incisor very large and scalpriform. True molars 
with prominent transverse ridges, as in Macropus, but want- 
ing the longitudinal connecting ridge. Anterior and pos- 
terior limbs less disproportionate than in the Kangaroos. 
D. australis is a gigantic animal compared with all existing 
Marsupials, surpassing a Rhinocerosin bulk. 

Nototherium.—Dental formula as in the last, from which 
it differs chiefly in the incisor teeth, especially those of the 
lower jaw, being much smaller. The skull is short, with 
the zygomatic arches extremely broad. WN. mitchelli and 
inerme, both animals of great size, though inferior to Di- 
protodon, 

Thylacoleo.—Dentition of adult: «3%, ¢4, p #, m4; total 
24, First upper incisor much larger than the others; 
canine and first two premolars rudimentary. In the lower 


1 Of. W. A. Forbes, “ Anatomy of the Koala,” Proc. Zool. Soc., 
1881, p. 180. 
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jaw there are also one or two small and early deciduous 
premolars; posterior premolars of both jaws formed on the 
same type as that of Hypsiprymnus, but relatively much 
larger; true molars rudimentary, tubercular. One species, 
T. carnifex. This animal presents a most anomalous con- 
dition of dentition, the functional teeth being reduced to 


Fi. 33.—Front View of Skull of Thylacoleo carnifex, restored. X }, 
From Proc. Geol. Soc., 1868, p. 312. : 


one pair of large cutting incisors situated close to the me- 
dian line, and one great, trenchant, compressed premolar, on 
each side above and below. It was first described as a car- 
nivorous Marsupial, and named, in accordance with its 
presumed habits, “as one of the fellest and most destruc- 
tive of predatory beasts ;” but, as its affinities are certainly 
with the Phalangistide and Macropodidx, and its dentition 
completely unlike that of any known predaceous animal, 
this view has been called in question.! 


Family PHASCOLOMYID&, 


Dentition: ¢ 4,1 %, » +, m4=24. Allthe teeth with per- 
sistent pulps. The incisors large, scalpriform, with enamel 
only on the front surface, as in the Rodentia. The molars 
strongly curved, forming from the base to the summit about 
a quarter of a circle, the concavity being directed outwards 
in the upper and inwards in the lower teeth. The first of 
the series (generally called “ premolar,” though it appears 
to have no milk predecessor), single-lobed; the other four 
composed of two lobes, each subtriangular in section. Limbs 
equal, stout, and short. Fore feet with five distinct toes, 

-each furnished with a long, strong, and slightly curved 
nail, the first and fifth considerably shorter than the other 
three. Hind feet with a very short nailless hallux, the 
second, third, and fourth toes partially united by integu- 
ments, of nearly equal length, the fifth distinct and rather 
shorter; all four provided with long and curved nails. In 
the skeleton of the foot, the second and third toes are dis- 
tinctly more slender than the fourth, showing a slight ten- 
dency towards the peculiar character so marked in the last 
three families. Tail rudimentary. Stomach simple, pro- 
vided with a special gland situated near the cardiac orifice. 
Cecum very short, wide, and with a peculiar vermiform 
appendage. 

The species of this family are few, and all contained in 
one genus, Phascolomys, with two well-marked sections, one 
containing the Common and Broad-nosed Wombats, P. wom- 
bat and platyrhinus, the other the Hairy-nosed Wombat, P. 
latifrons. They are all terrestrial and burrowing animals, 
generally slow in their movements, and harmless in dispo- 
sition; they feed on roots and other vegetable substances, 
and inhabit the southern parts of the Australian continent, 
Tasmania, and the islands of Bass’s Straits. See WomBAT, 


Bibliography of Marsuptalia.—G, R. Waterhouse, Nat. Hist. of the: 


Mammalia, vol. 1. “ Marsupiata,” 1846; J. Gould, Mammals of Aus- 
tralia, 1863; R. Owen, article ‘ Marsupialia,” in Cyclop. of Anatom 
and Physiology, and various memoirs on “Extinct Mammals o 


1 The lowest Eocene formation of New Mexico has recently 
vielded an animal (Ptilodus medizvus) having a mandibular denti- 
tion allied to that of Thylacoleo, and which goes some way to 
bridge over the gap, both in structure and time, between this and 
the Mesozoic Plagiaulacidz (see Cope in American Naturalist, 
June, 1882). 
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Australia” in Philosophical Transactions; W. HH. Flower, ‘ On the 
Development and Succession of the Teeth in the Marsupialia,” 
Phil, Trans., 1867. 


Susctass HUTHERIA or MONODELPHIA. 


The remaining mammals are included in the Kv- 
THERIA, PLACENTALIA, or MONODELPHIA, the leading 
characters of which have been given at p. 374, Their 
affinities with one another are so complex that it is 
impossible to arrange them satisfactorily in any serial 
order. The Hdentata may be taken first as standing 
in some respects apart from all the others. The Strenia 
and Cetacea are also somewhat isolated, having under- 
gone most remarkable modifications from the normal 
mammalian type. The Primates must be placed at 
the head of the series. The position of the others is 
quite arbitrary, as none of the hitherto proposed asso- 
ciations of the orders into larger groups stand the 
test of critical investigation, and paleontological re- 
searches have already gone far to show that they are 
all modifications of a common heterodont, diphyodont, 
pentadactyle form. 


OrpeR EDENTATA. 


The name assigned to this group (which some zoo- 
logists think ought rather to be ranked as a subclass 
than an order) by Cuvier is often objected to as inap- 
po for though some of the members are edentu- 
ous, others have very numerous teeth; and the Lin- 
nean name Bruta is occasionally substituted. But 
that term is quite as objectionable, especially as the 
group to which Linnzeus applied it is by no means 
equivalent to the order as now understood, as the 
names of the genera contained in it, viz., Hlephas, 
Trichechus, Bradypus, Myrmecophaga, Manis, and 
Dasypus, will indicate. It contaimed, in fact, all the 
animals then known which are comprised in the modern 
orders of Proboscidea, Sirenia, and Edentata, together 
with the Walrus, one of the Carnivora. If retained 
at all, it should rather belong to the Proboscidea, as 
Hlephas stands first in the list of genera, and was 
probably in the mind of Linnzeus when he assigned 
the name to the group. Cuvier’s order included the 
Ornithorhynchus and Echidna, the structure of which 
was then imperfectly known, and which are now by 
common consent removed to an altogether different 
section of the class, but otherwise its limits are those 
now adopted. The name Ldentata is so generally 
used, and its meaning so well understood, that 1t would 
be very undesirable to change it now; in fact similar 
reasons might be assigned for ceasing to use nearly all 
the other current ordinal designations, for it might be 
equally well objected that all the Carnivora are not 
flesheaters, many of the Marsupialia have not pouches, 
and so forth. 

If the teeth are not always absent, they invariably 
exhibit certain imperfections, which are indeed almost 
the only common characters which bind together the 
various extinct and existing members of the order. 
These are—that they are homodont and, with the re- 
markable exception of the genus 7utusia, monophyo- 
dont; they are never rooted, but have persistent pulps; - 
they are always deficient in one of the constituents 
which enter into the formation of the complete mam- 
malian tooth, the enamel, and are never present either 
in the upper or lower jaw in the fore part of the 
mouth, the situation occupied by the incisors of other 
mammals.? 4 

There is so great a difference in structure and 
habits between some of the existing animals assigned 
to this order that, beyond the negative characters just 
mentioned, there seems little to connect them. The 
Sloths and Anteaters, for instance, in mode of life, 


2 In some few Armadillos the suture between the premaxilla 
and maxilla passes behind the first pees tooth, but in all the 
other known members of the order all the teeth are implanted in 
the maxilla, j 
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general conformation of limbs, structure of digestive 
organs, etc., appear at first sight almost as widely 
separated as any mammals. Paleontology has, how- 
ever, thrown great light upon their relations, and 
roved their real affinities. Perfectly intermediate 
forms have been discovered in the great Ground Sloths 
of America, which have the dentition and general form 
of the head of the Sloths, combined with the limbs and 
trunk of the Anteaters. It is highly probable that the 
existing members of the order are very much differen- 
tiated representatives of a large group, the greater num- 
- ber of which are now extinct, and which have become 
so without ever attaining a high grade of organization. 
The great diversity of structure of the existing families, 
the high degree of specialization to which many have 
attained, the paucity of species and even of individuals, 
their limited area of distribution, and their small size 
compared with known ancestral forms, all show that 
this is an ancient and a waning group, the members of 
which seem still to hold their own either by the re- 
moteness and seclusion of their dwelling-places, by 
their remarkable adaptation of structure to special 
conditions of life, or by aid of the peculiar defensive 
armature with which they are invested. Their former 
history can, however, only be thus surmised, rather 
than read, at present; for, though we have ample 
evidence of the abundance and superior magnitude of 
certain forms in the most recent or post-T'ertiary geo- 
logical age, and in one part of the world, beyond this 
time, z.e., in the true Tertiary period, and in other 
parts of the world than America, the remains of ani- 
mals of this order hitherto discovered are only frag- 
mentary, giving a most imperfect idea of their actual 
structure, and affording no indications which serve to 
connect them with any other branch of the class. 

The existing members of the order readily group 
themselves into five distinct families, the limits of 
which are perfectly clear. Theseare (1) Bradypodide, 
or Sloths, (2) Myrmecophagide, or Anteaters; (3) 
Dasypodide, or Armadillos; (4) Manide, Pangolins 
or Sealy Anteaters; and (5) Orycteropodide, Aard- 
varks or African Anteaters. The geographical distri- 
bution of these families coincides with their structural 
distinction, the first three being inhabitants of the New 
and the last two of the Old World. It has been usual to 
arrange these families into two large groups or suborders : 
—(1) the Phyllophaga, l\eaf-eaters, also called Tardi- 
grada, containing the Bradypodide alone ; and (2) the 
Entomophaga, insect-eaters, or Vernrilingua, containing 
all the other families. from which sometimes the Oryc- 
teropodide are separated as athird suborder under the 
name of Effodientia. Such an arrangement is, how- 
ever, an artificial one, founded on superficial resem- 
blance. The bonds which unite the Manidce to the 
Myrmecophagide are mainly to be found in the strue- 
ture of the mouth, especially the extensile charaeter 
of the tongue, the great development of the submaxil- 
lary glands, and the absence of teeth. These characters 
are exactly analogous to those found in the Hchidna 
among Monotremes, the Woodpeckers among Birds, 
and the Chameleon among Reptiles,—the fact prob- 
ably being that in countries where Termites and 
similar insects flourish various distinct forms of verte- 
brates haye become modified in special relation to this 
abundance of nutritious food, which could only be 
made available by a peculiar structure of the alimentary 
organs. A close study of the more essential portions 
of the anatomy of these animals! leads to the belief 
that all the American Hdentates at present known, 
however diversified in form and habits, belong to a 
common stock. The Bradypodide, Megathertide, 
and Myrmecophagide. are closely allied, the modifica- 
tions seen in the existing families relating only to food 
and manner of life. The ancestral forms may have 
been omnivorous, and gradually separated into purely 
vegetable and purely animal feeders ; from the former 
are developed the modern Sloths, from the latter the 


1 See Proceedings of the Zoological Society of London, 1882, p. 358. 
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Anteaters. The Armadillos (Dasypodidw) are another 
modification of the same type, retaining some gene- 
ralized characters, as those of the alimentary organs, 
but in other respects, as their defensive armature, re- 
markably specialized. The two Old-World families 
Manide and Orycteropodide are so essentially distinct, 
both from the American families and from each other, 
that it may even be considered doubtful whether they 
are derived from the same primary branch of mam- 
mals, or whether they may not be offsets of some 
other branch, the remaining members of which have 
been lost to knowledge. 


a Family BRADYPODID 2. 


Externally clothed with long, coarse, crisp hair. Head 
short and rounded. External ears inconspicuous. Teeth 
§ in each jaw, subcylindrical, of persistent growth, consist- 
ing of a central axis of vaso-dentine, with a thin invest- 
ment of hard dentine, with a thick outer coating of cement; 
without (as far as is yet known) any succession. Fore 
limbs greatly longer than the hind limbs. All the extremi- 
ties terminating in narrow, curved feet; the digits never 


Fie. 34.—Skull of Two-toed Sloth (Cholepus didactyius). 
From Proc, Zool. Soc., 1871, p. 432. 


exceeding three in number, encased for nearly their whole 
length in a common integument, and armed with long, 
strong claws. Tail rudimentary. Stomach complex. No 
cecum. Placenta deciduate, dome-like, composed of an 
aggregation of numerous discoidal lobes. Strictly arboreal 
in habits, vegetable feeders, and limited geographically to 
the forest regions of South and Central America. Two 
genera, Bradypus and Cholepus. See SLOTH. 


Family MEGATHERIIDE. 
The members of this family are all extinct. Their char- 


Fig. 85.--Section of Upper Molar Teeth of Megatherium. 
From Owen. 


Xt. 
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of many species found abundantly in deposits of Pleistocene 
age in both North and South America, were intermediate be- 
tween those of the existing Bradypodide and the Myrmeco- 
phagide, combining the head and dentition of the former 
with the structure of the vertebral column, limbs, and tail 
of the latter. Almost all the known species are of com- 
paratively gigantic size, the smallest, Calodon escrivanensis, 
exceeding the largest existing Anteater, and the Megathe- 
rium being larger thana Rhinoceros. The dentition is usu- 
ally 2 on each side, as in the Sloths, but in Cwlodon 4. 
This genus, and ina still more marked degree Megatherium, 
differ from all the others in the details of the structure of 
the teeth. They are very deeply implanted, of prismatic 
form (quadrate in transverse section); and the component 
tissues—hard dentine (fig. 35, d), softer vaso-dentine (v), 
and cementum (¢c)—are so ar- 
ranged that, as the tooth wears, 
the surface always presents a 
pair of transverse ridges, thus 
producing a triturating appa- 
ratus comparable to the “ bilo- 
phodont” molar of Dinotherium, 
Tapirus, Manatus, Macropus, and 
others, though produced in a 
different manner. In all the 
other genera the teeth are more 
or less cylindrical, though 
sometimes laterally compressed 
or éven longitudinally grooved 
on the sides, and on the grind- 
jing surface the prominent ridge 
of hard dentine follows the ex- 
ternal contour, and is sur- 
rounded only by a thin layer of 
cementum, as in the existing 
Sloths. The genera of which 
the remains are best known 
are Mylodon (fig. 37), Lestodon, 
Scelidotherium, Gryphotheriwm, 
and Megalonyz. In the last- 
named the anterior tooth of 
both upper and lower jaws is 
large aud is removed by a-con- 
siderable interval from the oth- 
ers. The osteological characters 
of these genera have been fully 
described in the works of Cu- 
vier, Owen, Burmeister, Leidy, 
Gervais, Reinhardt, and others. 

No Eocene Edentates have 
yet been found in America. In 
the Miocene of the Pacifie coast of North America some 
remains have been discovered, assigned by Marsh to the 
genus Moropus, the type of a distinct family, the Moro- 
pide. There are two species, one about as large as a Tapir, 
and one nearly twice that size. In the Lower Pliocene, 
well-preserved remains of Edentates of very large size 
have been found at several widely separated localities in 
Idaho and California. These belong to the genus Morothe- 
rium, of which two species are known. East of the Rocky 
Mountains, in the Lower Pliocene of Nebraska, a large spe- 
cies apparently of the genus Moropus has been discovered. 
None of these have as yet been fully described or figured. 
Marsh believes that North America was the original home 
of the Edentates, and that they spread to the southern 
portion of the continent towards the close of the Tertiary 
period. 


Fic. 36.— Lower Jaw 


and 


Teeth of  Megcatherium. 


From Owen. 


Family MyRMECOPHAGID®. 


Externally clothed with hair. No teeth. Head elongated. 
Mouth tubular, with a small terminal aperture, through 
which the long, vermiform tongue, covered with the viscid 
secretion of the enormous submaxillary glands, is rapidly 
protruded in feeding, and withdrawn again with the adher- 

ing particles of aliment, which are then sucked into the pha- 
“ rynx. In the manus, the third toe is greatly developed, 
and has a long faleate claw ; the others are reduced or sup- 
pressed. The pes has four or five subequal digits with 
claws. Posterior dorsal and lumbar vertebras with addi- 
tional interlocking zygapophyses. Tail long, sometimes 
prehensile. Placenta dome-like or discoidal. The animals 
of this family are the “ Anteaters” pur excellence. They 
feed exclusively on animal substances, mostly insects. One 
species is terrestrial, the others arboreal; none burrow in 
the ground. They are all inhabitants of the Neotropical 
region. , 

Myrmecophaga.—Skull greatly elongated and narrow, its 
upper surface smooth and cylindriform. Anteriorly the 
face is produced into @ long, tubular rostrum, rounded 
above and flattened below, and with terminal nares, and 
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composed of the mesethmoid ossified for more than half its 
length, the yvomer, the maxille, and the long and narrow 
nasal bones, the premaxille being extremely short and 
confined to the margin of the anterior nares. The zygo- 
matic arch is incomplete, the styliform malar only articu- 
lating with the maxilla in front, and not reaching to 
the very short zygomatic process of the squamosal. The 
lachryimal foramen is in front of the margin of the orbit. 
There are no post-orbital processes to the frontals or any 
other demarcation between the orbits and the temporal 
fosse. Palate extremely elongated, and produced back- 


Fic. 37.—Skeleton of Mylodon robustus (Pleistocene, South 


America). From Owen. 

wards as far as the level of the external auditory meatus 
by the meeting in the middle line of the largely developed 
pterygoids. The glenoid fossa a shallow oval facet, with its 
long diameter from before backwards. Mandible very long 
and slender, with an exceedingly short symphysis, no dis- 


| tinct coronoid process, and a slightly elevated, elongated, 


flattened, condylar articular surface. Vertebree: C7, D15- 
16,L, 3-2, 8 6,C 31. Clavicles rudimentary. In the manus, 
the first digit is very slender, the second also slender, with 
compressed phalanges of nearly equal length. The third 
digit is immensely developed; though its proximal phalanx 
is extremely short, its ungual phalanx is so long that the 


| entire length of the digit exceeds that of the second. The 


fourth has a long and rather slender metacarpal, and three 
phalanges diminishing in size, the ungual phalanx being 
very small. The fifth has the metacarpal nearly as long, 
but not so stout as the fourth, and followed by two small 
phalanges, the last rudimentary and conical. Claws are 
In walking the toes are 
kept strongly flexed, and have their points turned up- 
wards and inwards, the weight being supported upon a 
callous pad over the end of the fifth digit, and by the dor- 
sal surfaces of the third and fourth digits. The hind feet 
are short and rather broad, with five subequal claws, the 
fourth rather longest, the first shortest; the whole sole is 
placed on the groundin walking. Body rather compressed, 
clothed with long, coarse hair. Tail about as long as the 
body, and covered with very long hair; not prehensile. 
Ears small, oval, erect. Eyes very small. Stomach con- 
sisting of a subglobular, thin-walled, cardiae portion, and 
a muscular pyloric gizzard with dense epithelial lining. No 
ileocolic valve, and a short wide ill-defined eeecum. Mam- 
mee two, pectoral. 

There is one species, M. jubata, the Great Anteater, or 
Ant Bear, measuring four feet in length without the tail, 
and upwards of two feet in height at the shoulder. Its 
prevailing color is gray, with a broad black band, bordered 
with white, commencing on the chest, and passing obliquely 
over the shoulder, diminishing gradually in breadth as it 
approaches the loins, where it ends ina point. It 1s ex- 
tensively distributed in the tropical parts of South and 
Central America, frequenting low swampy sayannas, along 
the banks of rivers, and the depths of the humid forests, 
but is nowhere abundant. Its food consists mainly of ter- 
mites, to obtain which it opens their nests with its power- 
ful sharp anterior claws, and as the insects swarm to 
the damaged part of their dwelling, it draws them 
into its mouth by means of its long, flexible, rapidly- 
moving tongue covered with glutinous saliva. The Great 
Anteater is quite terrestrial in its habits, being never 


_ known to climb a tree, nor does it burrow underground 
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like the Armadillos. 
mal, when attacked it can defend itself vigorously and 
effectively with its sabre-like anterior claws. The female 
bears but a single young at a birth. 

Tamandua.—This genus closely resembles the last in 
anatomical structure, but the head is much less elongated, 
the fur is short and bristly, the tail tapering, prehensile, 
with the under side throughout and the whole of the ter- 
minal portion naked and scaly. The stomach is similar to 
that of Myrmecophaga, but with the muscular pyloric giz- 
zard not quite so strongly developed. There is a distinct 
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Fia. 38,—-Tamandua Anteater (Tamandua tetradactyla). 
From Proc. Zool. Soc., 1871, pl. xliii. 


ileo-colic valve and short globular cecum. The fore foot 
has a very large elaw on the third toe, moderate-sized claws 
on the second and fourth, a very minute one on the first, 
and none on the fifth, which is entirely concealed within 


the skin. The hind foot has five subequal claws. Verte- 
bre: C7,D17,L2,85, C 37. There are very rudimentary 
clavicles. 


The Tamandua ( 7’. tetradactyla) is much smaller than the 
Great Anteater, and differs essentially from it in its habits,, 
being mainly arboreal. It is an inhabitant of the dense 
primeval forests of South and Central America. As differ- 
ent individuals vary much in their coloration, it is possi- 
ble that there may be more than one species. The usual 
color is yellowish-white, with a broad black lateral band, 
covering nearly the whole of the side of the body. 

Cycloturus.—The skull is much shorter even than in 
Tamandua, and is arched considerably in the longitudinal 
direction. It differs from that of the other members of the 
family mainly in the long canal for the posterior nares not 
being closed by bone below, as the greater part of the pala- 
tines and the pterygoids do not meet in the middle line. 
The mandible has a prominent, narrow, recurved coronoid 
and a well-developed angular process; it is strongly de- 
eurved in front. Vertebre: C7, D 16, L2,S84,C40. Ribs 
remarkably broad and flat. Clavicles well developed. 
Manus remarkably modified. The third digit is greatly 
developed at the expense of all the others; it has a stout 
short metacarpal and but two phalanges, of which the most 
distal is large, compressed, pointed, and much curved, and 
bears a very strong hook-like claw. The second digit has 
the same number of phalanges, and bears a claw, but is very 
much more slender than the third. The fourth is repre- 
sented only by the metacarpal, and one nailless phalanx, 

_ the first and fifth only by very rudimentary metacarpals. 
The pes is also completely modified into a climbing organ. 
The hallux is rudimentary, consisting of a metatarsal and 
one phalanx, concealed beneath the skin, but the other 
four toes are subequal and much curved, with long pointed 
compressed claws. The tuber calcanei is directed towards 
the plantar surface, and parallel with it and extending to 
about double its length is a greatly elongated sesamoid 
ossicle, These together support a prominent calcarine 
cushion to which the nails are opposed in climbing. 
Stomach pyriform, with muscular walls, but no distinct 
gizzard-like portion, as in the foregoing genera. The com- 
mencement of the colon provided with two small cea, re- 
sembling those of many Birds, narrow at the base, and 
rather dilated at their terminal blind ends, and commu- 
nicating with the general cavity by very minute aper- 
tures. Tail longer than the body, tapering, bare on the 
under surface, and very prehensile. Fur soft and silky. 

This genus has also but one species certainly known, the 
Little or Two-toed Anteater (C. didactylus), an animal not 
larger than a Rat, of a general yellowish color, and exclu- 
sively arboreal in its habits. It is a native of the hottest 
parts of South and Central America. 


Though generally an inoffesive ani- | 
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Family DASYPODID&. 


The greater part of the skin strongly ossified. On the 
back and sides the union of numerous quadrate or poly- 
gonal scutes forms a hard shield, usually consisting of an 
anterior (scapular) and posterior (pelvic) solid portion 
(which overhang on each side the parts of the body 
they respectively cover, forming chambers into which the 
limbs are withdrawn), and a variable number of rings be- 
tween, connected by soft flexible skin so as to allow of 
curvature of the body. The top of the head has also a 
similar shield (cephalic), and the tail is usually encased in 
bony rings or plates. The outer or exposed surfaces of the 
limbs are protected by irregular bony scutes, not united 
at their margins; but the skin of the inner surface of the 
limbs and under side of the body is soft and more or less 
clothed with hair. Hairs also in many species project 
through apertures between the bony scutes of the back. 
The ossified dermal plates are everywhere covered by a 
layer of horny epidermis. ‘Teeth numerous, simple, of 
persistent growth, and usually monophyodont, but in one 
genus (Tatusia) a succession of teeth has been observed. 
Zygomatic arch of skull complete. Cervical vertebrae with 
extremely short, broad, and depressed bodies. The atlas 
free, but the second and third, and often several of the 
others, ankylosed together both by their bodies and arches. 
Lumbar vertebrae with accessory zygomatic processes, and 
very large metapophyses, supporting the bony carapace. 
Clavicles well developed. A third trochanter on the fe- 
mur. Tibia and fibula ankylosed at their distal extremi- 
ties. Fore feet with strongly developed, curved claws, 
adapted for digging and scratching, three, four, or five in 
number. Hind feet plantigrade, with five toes, all pro- 
vided with nails. Tongue long, pointed, and extensile, 
though to a less degree than in the Anteaters. Submaxil- 
lary glands largely developed. Stomach simple. Placenta 
discoidal, deciduate. 

The animals of this family are commonly called Armadillos, 
a wordof Spanish origin, having reference to their armor- 
like covering. The existing species are of small or moderate 
size. They are mostly, though not universally, nocturnal 
in their habits. They are omnivorous, feeding on roots, 
insects, worms, reptiles, and carrion. They are harmless and 
inoffensive creatures, offering no resistance when caught, 
their principal means of escape from their enemies being the 
extraordinary rapidity with which they can burrow in the 
ground, and the tenacity with which they retain their hold 
in theirsubterranean retreats. Notwithstanding the short 
ness of their limbs they can run with great rapidity. Most 
of the species are esteemed good eating by the natives of the 
countries in which they live. They are all inhabitants of 
the open plains or the forests of the tropical and temperate 
parts of South America, with the exception of one species 
( Tatusia peba), which ranges as far north as Texas. Of the ex- 
isting genera, Chlamydophorus stands apart from the rest in 
the formation of its external covering; but in all other 
respects Tatusia is the most aberrant form, exhibiting a dif- 
ferent type of structure of the fore feet, which in all the 
others shows modifications, though in very varying de- 
grees, of the same type. 

Subfamily Chlamydophorinz.—In most anatomical 
characters, especially the structure of the fore foot, this 
little group resembles the Dasypodine, but it differs 
remarkably from all other known Armadillos, living or 
extinct, in the peculiar modification of the dermal armour, 

Chlamydophorus.—Teeth,*,, subecylindrical, somewhat 


compressed, moderate in size, smaller at each end (espe- 
cially in front) than at the middle of the series. Skull 
broad and rounded behind, pointed in front. Muzzle sub- 
cylindrical and depressed. A conspicuous rounded, rough 
prominence on the frontal bone, just before each orbit. 
Tympanic prolonged into a tubular auditory meatus, cury- 
ing upwards round the base of the zygoma. Vertebrae: 
C7,D 11, L 3,8 10,C 15. Upper part of head and trunk 
covered with four-sided horny plates (with very small thin 
ossifications beneath), forming a shield, free and over- 
hanging the sides of the trunk, and attached only along 
the middle line of the back. The plates are arranged in 
a series of distinct transverse bands, about twenty in num- 
ber between the occiput and the posterior truncated end, 
and not divided into solid thoracic and pelvic shields with 
movable bands between. The hinder end of the body is 
abruptly truncated and covered by a vertically-placed, 
strong, solid, bony shield, of an oval (transversely ex- 
tended) form, covered by thin epidermic plates. This 
shield is firmly ankylosed by five bony processes to the 
hinder part of the pelvis. Through a notch in the middle 
of its lower border the tail passes out. The latter is rather 
short, cylindrical in its proximal half, and expanded and 
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depressed or spatulate in its terminal portion, and covered 
with horny plates. The dorsal.surfaces of the fore and 
hind feet are also covered with horny plates. The 
remainder of the limbs and under surface and sides of the 
body beneath the overlapping lateral parts of the dorsal 
shield are clothed with rather long, very soft silky hair. 
Eyes and ears very small, and concealed by the hair, Ex- 
tremities short. Feet large, each with five well-developed 
claws, those on the fore feet very long, stout, and subcom- 
pressed, the structure of the digits being essentially the 
same as those of Xenwrus and Priodon. Nipples two, pec- 
toral. Visceral anatomy closely resembling that of Dasy- 
pus, the eecum being broad, short, and bifid. 

C. truncatus.—The Pichiciago, a small burrowing animal, 
about five inches long, inhabits the sandy plains of the 
western part of the Argentine Republic, especially the 
vicinity of Mendoza. Its horny covering is of a pinkish 
color, and its silky hair snow white. It is rare, and its 
habits but little known. A second species, C. retusa, from 
Bolivia, has been described by Burmeister. It is of rather 
larger size, and has the dorsal shield attached to the skin 
of the back, as far as its ‘edge, instead of only along the 
median line. 

Subfamily Dasypodinze,—Fore feet usually with all five 
digits developed and with nails, though the first and fifth 
may be suppressed. The first and second long and slender, 
with the normal number and relative length of phalanges. 
The others stout, with short broad metacarpals, and with 
phalanges greatly reduced in length and generally in num- 
ber by coalescence. The ungual phalanx of the third very 
large, that of the others gradually diminishing to the fifth. 
Dasypus, as now restricted, has the most normal form of 
manus, but the modifications so markedly developed in all 
the others (and culminating in Tolypeutes’ are foreshadowed, 
as it were, in it. Ears wide apart. Mamme one pair, 
pectoral. 

Dasypus.—Teeth 8; or §, of which the anterior in the 
upper jaw is usually implanted in the premaxillary bone. 
The series of teeth extends posteriorly some distance 
behind the anterior root of the zygoma, almost level with 
the hinder edge of the palate. They are large, subcylin- 
drical, slightly compressed, diminishing in size towards 
each end of the series; the anterior two in the mandible 
much smaller and more compressed than the others. 
Cranial portions of the skull broad and depressed. Facial 
portion triangular, broad in front and much depressed. 
Auditory bulla completely ossified, perforated on the inner 
side by the carotid canal, and continued externally into an 
elongated bony meatus auditorius, with its aperture di- 
rected upwards and backwards. (In all the remaining 
genera of Dasypodine the tympanic bone is a mere half- 
ring, loosely attached to the cranium.) Mandible with a 
high ascending ramus, broad transversely-placed condyle, 
and high slender coronoid process. Vertebre: C7, D 11- 
12, L 3,8 8, C17-18. Head broad and flat above. Muzzle 
obtusely pointed. Ears of moderate size or rather small, 
placed laterally, far apart. Body broad and depressed. 
Carapace with six or seven movable bands between the 
scapular and pelvic shields. Tail shorter than the body, 
tapering, covered with plates forming distinct rings near 
the base. Fore feet with five toes; the first much more 
slender than the others, and with a smaller ungual phalanx 
and nail; the second, though the longest, also slender. The 
third, fourth, and fifth gradually diminishing in length, 
all armed with very strong, slightly curved, compressed 
claws, sloping away from an elevated rounded inner border 
to a sharp, outer, and inferior edge. The hind foot is 
rather short, with all five toes armed with stout, com- 
pressed, slightly curved, obtusely pointed claws,—the third 
the longest, the second nearly equal to it, the fourth the 
next, the first and fifth shorter and nearly equal. 

To this genus belongs one of the best-known species of 
the group, the Six-banded Armadillo or Encoubert (D. 
sexcinctus) of Brazil and Paraguay. A very similar species, 
D. villosus, the Hairy Armadillo, replaces it south of the 
Rio Plata. There are also two very small species, D. vel- 
lerosus and D, minutus, from the Argentine Republic and 
North Patagonia. The latter differs from the other three 
in having no tooth implanted in the premaxillary bone. 

Xenurus.—Teeth § or §, of moderate size and subcylin- 
drical. The most posterior placed a little way behind the 
anterior root of the zygoma, but far from the hinder 
margin of the palate. Cranium somewhat elongated, much 
constricted behind the orbits, and immediately in front of 
the constriction considerably dilated. Mandible slender; 
coronoid process very small and sharp-pointed, sometimes 
obsolete. Vertebre: C7, D 12-13, L5, S810, C18. Head 
broad behind. Ears rather large and rounded, wide apart. 
Movable bands of carapace 12-13. Tail considerably shorter 
than the body, and slender, covered with nearly naked 


MAMMALIA. 


' slightly-curved, conical, obtusely-pointed nails. 


[EDENTATA, 


skin, with but a few small, scattered, dermal bony plates, 
chiefly on the under surface and near the apex. On the 
fore feet the first and second toes are long and slender, 
with small claws and the normal number of phalanges; 
the other toes have but two phalanges; the third has an 
immense falcate claw; the fourth and fifth similar but 
smaller claws. The hind feet are comparatively small, 
with five toes, with small, triangular, blunt nails; the 
third longest, the first. shortest. The best known species 
of this genus, the Tatouay or Cabassou, X. wnicinctus, is, 
after Priodon gigas, the largest of the group. It is found, 
though not abundantly, in Surinam, Brazil, and Paraguay. 
Others, X. hispidus and lugubris, have been described, but 
little is as yet known of them. 

Priodon.—Teeth variable in number, and generally differ- 
ing on the two sides of each jaw, usually from 20 to 25 on each 
side above and below, so that as many as 100 may be present 
altogether, but as life advances the anterior teeth fall out, and 
all traces of their alveoli disappear. ‘The series extends as 
far back as the hinder edge of the anterior root of the zygo- 
ma. They are all very small; in the anterior half of each 
series they are strongly compressed, haying flat sides, and 
a straight free edge; the posterior teeth are more cylindri- 
cal, with flat, truncated, free surfaces. Vertebree: C 7, D 
12,L 3,810, C23. Head small, elongated, conical. Ears 
moderate, ovate. Carapace with 12-13 movable bands, 
Tail nearly equal to the body in length, gradually tapering, 
closely covered with quadrangular scales, arranged in a quin- 
cunx pattern. Fore feet with five toes, formed on the same 
plan as those of Xenurus, but with the claw of the third of 
still greater size, and that of the others, especially the fifth, 
proportionately reduced. Hind foot short and rounded, 
with five very short toes, with short; broad, flat, obtuse 
nails. The only known species, the Great Armadillo (P. 
gigas), is by far the largest of existing members of the fam- 
ily, measuring rather more than 3 feet from the tip of the 
nose to the root of the tail, the tail being about 20 inches 
long. It inhabits the forests of Surinam and Brazil. The 
powerful falcate claws of its fore feet enable it to dig with 
great facility. Its food consists chiefly of termites and 
other insects, but it is said to attack and uproot newly- 
made graves for the purpose of devouring the flesh of the 
bodies contained in them. 

Tolypeutes.—Teeth 3 or 3, rather large in proportion to 
the size of the skull, the hinder end of the series reaching 
nearly to the posterior margin of the palate. Vertebra: C 
7,D 11, L 3,812,C 18. Ears placed low on the sides of the 
head, rather large, broadly ovate. Carapace with its scap- 
ular and pelvic shields very free at the sides of the body, 
forming large chambers into which the limbs can be readily 
withdrawn. Only three movable bands. Tail short, coni- 
cal, covered with large bony tubercles. The fore feet formed 
on the same type as thelast, but the peculiarities carried 
out to a still greater extent. The claw of the third toe is 
very long and falcate, the first and fifth greatly reduced 
and sometimes wanting. On the hind foot the three mid- 
dle toes have broad, flat, subequal nails, forming together 
a kind of tripartite hoof; the first and fifth much shorter 
and with more compressed nails. 

The Armadillos of this genus have the power of rolling 
themselves up into a perfect ball, the shield on the top of 
the head and the tuberculated dorsal surface of the tail ex- 
actly fitting into and filling up the apertures left by the 
notches at either end of the carapace. This appears to be 
their usual means of defence when frightened or surprised, 
as they do not burrow like the other species. They run 
very quickly, with a very peculiar gait, only the tips of the 
claws of the fore feet touching the ground. ‘Three species 
are described :—T. tricinctus, the Apar; 7. conurus, the Mat- 
ico; and 7. muriet. 

Subfamily Tatusiinze.—This contains but one genus, Ta- 
tusia.—Teeth § or 4, very small, subcylindrical. The first 
and second subcompressed, the last considerably smaller 
than the others. They present the remarkable peculiarity 
(unique among Edentates, so far as is yet known) of all 
being, with the exception of the last, preceded by two- 
rooted milk teeth, which are not changed until the animal 
has nearly attained its full size. Vertebree: C7, D 9-11, 
L5, $8, C 20-27. Head narrow, with a long, narrow, sub- 
cylindrical, obliquely-truncated snout. Ears rather large, 
ovate, and erect, placed close together on the occiput. Car- 
apace with seven to nine distinct movable bands. Body 
generally elongated and narrow. Tail moderate or long, 
gradually tapering ; its dermal plates forming very distinct 
rings for the greater part of its length. Fore feet with four 
visible toes, and a concealed clawless rudiment of the fifth. 
Claws all long, slightly curved, and very slender, the third 
and fourth subequal and alike, the first and fourth much 
shorter. Hind feet with five toes, all armed with strong, 
The third 


EDENTATA. | 


ing alsoa ventral piece or plastron. 
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longest; then the second and fourth ; the first and fifth | toise. 


much shorter than the others. 
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Many species of the family have been described and 
figured, especially by Burmeister (in the Annales del Museo 


This genus differs from all the other Armadillos in having | publico de Buenos Aires), by whom five genera are recog- 
a pair of inguinal mamme, in addition to the usual pectoral | nized, which are thus characterized :— 


Fie. 39.—Glyptodon clavipes ed soil gaa South America). From 
wen. 


pair, and in producing a large number (four to ten) of young 
at a birth, all the others having usually but one or two. 
The Peba Armadillo, 7. septemcincta, is a well-known 
species, haying an exteusive range from Texas to Paraguay. 
It is replaced in the more southern regions of South Amer- 
ica by a smaller species, with 
shorter tall, the Mulita (7. hybré- 
da), so called from the resem- 
blance of its head and ears to those 
of amule. 7. kappleri is a large 
species or variety from Surinam! 
Fossil remains of Dasypodide 
have been found by Lund and 
others in the cayes of Brazil in de- 
posits of Pleistoceneage. Some are 
attributable to existing genera, 
but others are assigned to distinct 
modifications of the type called 
Buryodon, Chlamydotherium, Euta- 
tus, ete. In the same region, but 
still more abundantly in the flu- 
viatile deposits which cover the 
country in the neighborhood of 
Buenos Ayres, are found the re- 
mains of one of the most remark- 
able forms of mammals yet dis- 
covered, the Glyptodons, or Hoplo- 
phoride (fig. 39), They differ from 
the existing Dasypodide in their 
large size, and in having the cara- 
pace composed of a solid piece 
(formed by the union of a multi- 
tude of bony dermal scutes), with- 
out any movable rings, and in hay- 


The facial portion of the skull is 
very short. A long process of the 
maxillary bone descends from the 
anterior part of the zygomatic 
arch. The ascending ramus of the 
mandible is remarkably high. The 
teeth are $ in all known species, all 
much alike, haying two deep grooves or flutings on each side, 
so as to divide them into three nearly distinct lobes (fig. 40). 
The vertebral column is almost entirely ankylosed into 
a solid tube, but there is a complex joint at the base of the 
neck, to allow the head being retracted within the cara- 
pace. The limbs are very strong, and the feet short and 
broad, resembling externally those of an elephant or tor- 


_ | A single imperfect skin, brought from the province of Ceara 
in Brazil, indicates a very remarkable form of Armadillo, named 
ee Milne-Edwards Scleropleura brunetti (Ann. Sc. Nat., xvi. P: 8, 
1872). The dermal pate: are said to be much less developed than 

y the family, and confined to the sides, all the 
median portion of the back being clothed with a flexible hairy 
skin. The head is broad and short, the ears small and far apart. 


Fia. 40.—Teeth of Glypto- 
don. From Owen. 


‘The tail is long, and almost entirely devoid of scutes. The feet 


are unknown. 


I, Four toes only on the posterior feet. 
A, Four toes on the anterior feet, the pollex being 
absent. 

a. Cuirass thin but inflexible. 

1. Hoplophorus :—H, euphractus, H. ornatus, 
H., elegans, H. pumilio. 

b. The cuirass stronger, with clefts between the 
scutes at the lower antero-lateral border, 
allowing of a certain amount of flexibility. 

2. Panochthus:— P. tuberculatas, P. bullifer. 
B. Both pollex and fifth digit of the manus absent. 
3. Dedicurus :—D. giganteus. 
II. Five perfect toes on the posterior feet, and four on 
the anterior, the fifth digit of which is absent. 
A. Tail elongated, with the rings of the base smooth, 
and the cuirassed apex cylindrical or tubular. 
4. Glyptodon :—G, clavipes, G. reticulatus. 
B. Tail short, the rings tuberculated, the point round 
and short. 
5. Schistoplewrum:—S. elongatum, S. asperwum, 
S. leve. 


Family MANID2. 


Covered externally (except the under surface of the body 
and inside of the limbs) with large imbricated horny scales, 
with scattered hairs growing in the intervals. No teeth. 
Tongue long, vermiform, and protractile. No accessory arti- 
cular processes to the lumbar vertebrae, but the anterior zyga- 
pophyses largely developed and very concave,completely em- 


bracing the semicylindrical surfaces of the posterior zygapo- 


physes. Limbs short, with five complete digits on each foot. 


| Scaphoid and lunar bone of carpus united. Uterus bicornu- 


ate. Placenta diffused and non-deciduate. The species are 
mainly terrestrial and fossorial, though one is partially 
arboreal. All belong to the Ethiopian and Oriental regions 
of the Old World. 

Manis.—Skull somewhat of the form of an elongated 
cone, with the small end turned forwards; very smooth 
and free from crests and ridges. No distinction between 
the orbits and temporal fosse. The zygomatic arch 
usually incomplete, owing to the absence of the malar 
bone. No distinet lacrymal bone. Palate long and nar- 
row. The pterygoids extend backwards as far as the 
tympanics, but do not meet in the middle line below. 
Tympanic ankylosed to the surrounding bones, and more 
or less bullate, but not produced into a tubular auditory 
meatus. Rami of mandible very slender and straight, 
without any angle or coronoid process. From near the 
anterior extremity of the upper edge a sharp, conical, 
tooth-like process projects upwards and outwards. No 
clavicles. No third trochanter to the femur. Ungual 
phalanges bifid at their terminations. Caudal vertebree 
with very long strong transverse processes and numerous 
chevron bones. Tongue long, vermiform, flattened towards 
the tip. The retractor or sterno-glossal muscles arise from 
the hinder extremity of the immensely prolonged ensiform 
cartilage of the sternum. Stomach with thick, muscular 
walls and lining membrane, and with a special gland near 
the middle of the great curvature, consisting of a mass of 
complex secreting follicles, the ducts of which terminate 
in a common orifice. No cecum. A gall-bladder. Head 
small, depressed, narrow, pointed in front, with a very 
small mouth-opening. Eyes and pinna of ear very small. 
Body elongated, narrow. Tail more or less elongated, 
convex above, flat underneath. The whole of the upper 
surface of the head, the upper surface and sides of the 
body, the whole of the tail, and the outer sides of the 
extremities covered with large, overlapping, horny scales, 
with usually a few stiff hairs growing between and pro- 
jecting beyond them. The sides and under surface of the 
head, the under surface of the body, and the inner sides 
of the limbs without scales but with a rather scanty cover- 
ing of hair, Limbs short. In walking the dorsal surface 
and outer sides of the phalanges of the two outer digits 
of the front feet alone rest on the ground, the points of 
the nails turning upwards and inwards. The third toe 
the longest, with a powerful compressed curved claw, the 
second and fourth with similar but smaller dlaws, that of 
the pollex often almost rudimentary. Hind feet planti- 
grade, with hallux very short, and four other toes sub- 
equal, with moderate, curved, subcompressed nails. 

The animals of this genus, called Pangolins or Scaly 
Anteaters, are all of small or moderate size, terrestrial and 
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burrowing, and feed mainly on termites, One small | 
African species climbs trees. They can roll themselves up | 
in a ball whenin danger. Their peculiar elongated form, | 
short limbs, long, gradually-tapering tail, and scaly cover- 

ing give them on a superficial inspection more the appear- | 
ance of reptiles than of mammals. The species are not) 
numerous, but may be grouped into three sections. (1) | 
Manis proper. Tail considerably exceeding in length both 

head and body. Scales not covering the dorsal surface of | 
the manus. On fore feet the first toe exceedingly small, | 
but with a distinct short nail; second, fourth, and fifth | 
subequal, with moderate compressed claws; third greatly | 
exceeding the others, with a much larger faleate claw. | 
Two species, both from West Africa: MM. longicaudata (ver- | 
tebre: C7, D 13, L5,S 3, C46), and M. tricuspus (vertebre: | 
C7, D13,L 6,8 3,C 44). (2) All the others have the scaly | 
covering of the fore limbs extending to the claws, and the | 
tail not exceeding the length of the head and body. On 

the fore feet the first and fifth toes are equal and very | 
small, the second and fourth equal and longer, the third | 
longest, but not so disproportionately so as in the other} 
section. The tails of most of these are broad at the base | 
and taper towards the extremity. They constitute the| 
genus Pholidotus of Gray, and include M. gigantea, West | 
Africa, the largest species of the group, of which the head | 
aud body measure 2 feet 6 inches, and the tail the same. | 
Vertebre: C 7, D 13, L 6,8 4,C 28. BM. pentadactyla, M. | 
aurita, and M. javanica, all of the Oriental region. (3) One 
very distinct species, M. temminckii, from South and East | 
Africa, with the tail nearly as broad as the body for the | 
whole of its length, and rounded at the end, constitutes | 
the genus Smutsia of Gray. 


Family ORYCTEROPODIDZE. 


External surface scantily covered with bristle-like hairs. 
Teeth numerous, and of peculiar and complex structure, | 
being traversed by a number of parallel vertical pulp- | 
canals. Lumbar vertebre with no accessory zygapophyses. | 
Femur with a third trochanter. Fore feet without pollex, | 
but all the other digits well developed, with strong moder- | 
ate-sized nails, suited to digging, the plantar surfaces of | 
which rest on the ground in walking. Hind feet with five | 
subequal toes. Mouth elongated and tubular. Tongue sub- | 
vermiform. Placenta broadly zonular. Feed on animal | 
substances. Terrestrial and fossorial in habits. Limited | 
to the Ethiopian region. 

Orycteropus.—The total number of teeth appears to be 
from eight to ten in each side of the upper, and eight in 
the lower jaw; but they are never all in place at one time, 
as the small anterior teeth are shed before the series is com- 
pleted behind. In the adult, they number usually five on 
each side above and below, of which the first two are simple 
and compressed, the next two larger and longitudinally 
grooved at the sides, the most posterior simple and cylin- 
drical. The structure of all these teeth is quite peculiar 
* among mammals, though resembling that of some fishes. 
Their summits are rounded before they are worn; their 
bases do not taper to a root, but are evenly truncated and 
continually growing. Each tooth is made up of an aggre- 
gation of parallel dental systems, haying a slender pulp 
cavity in the centre, from which the dentinal tubes radiate 
outwards, and being closely packed together each system 
assumes a polygonal outline as seen in transverse section. 
No evidence of any vertical succession of teeth has been 
discovered. Skull moderately elongated. The facial por- 
tion subcylindrical and slightly tapering. The zygoma 
complete and slender. The palate ends posteriorly in the 
thickened transverse border of the palatines, and is not } 
continued back by the pterygoids. The tympanic is annu- 
lar, and not ankylosed to the surrounding bones. The 
mandible is slender anteriorly, but rises high posteriorly, 
with a slender recurved coronoid, and an ascending pointed | 
process on the hinder edge below the condyle, which is| 
small, oval, and looks forwards as much as upwards. | 
Vertebre: C7, D 13, L8,S$6, C25. The large number of | 
lumbar vertebree is peculiar among Edentates. Tongue | 
less vermiform than in Myrmecophaga, being thick and | 
fleshy at the base, and gradually tapering to theapex. The | 
salivary apparatus is developed much in the same manner | 
as in that genus, but the duct of the submaxillary gland 
has no reservoir. The stomach consists of a large subglobu- 
lar cardiac portion, with a very thick, soft, and corrugated 
lining membrane, and a smaller muscular, pyloric part, 
with a comparatively thin and smooth lining. There is a! 
very distinct ileo-cecal valve, and a considerable-sized | 
cecum; also a gall-bladder. No pollex to the fore foot. 
All the other usual toes well developed, with strong, sub- | 
compressed nails, flatter on the hind foot. Head elongated, | 
with a tubular snout, terminal nostrils, and small mouth- 
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opening. Ears large, pointed, erect. Tail nearly as long 
as the body, cylindrical, very thick at the base, tapering to 
the extremity. 

The best known species is the Cape Anteater (0. capensis), 
or “‘ Aard-Vark” (Earth Pig) of the Dutch colonists, from 
South Africa, an animal not altogether unlike a Pig in size 
and general appearance. It lives in burrowsin the ground, 
and feeds chiefly on ants and other insects. A second species, 
or well-marked local variety, O. xthiopicus, inhabits the 
northeastern parts of Africa. 


Extinct EDENTATA OF THE OLD WORLD. 


Certain remains, chiefly of bones of the limbs, found in 
France and Greece and assigned to generacalled Macothe- 
rium and Ancylotheriwm, united provisionally in the family 
Macrotheriidz, indicate the existence of animals of large 
size inhabiting Europe during the Middle Tertiary epoch, 
the characters of which appear to indicate a generalized 
Edentate form or something intermediate between the 
Edentata and Ungulata. In the strueture of the phalanges 
they most resembled the Munidz, but there is some evi- 
dence that they possessed teeth. Some fragments from the 
Eocene of Paris are still more doubtfully assigned by Ger- 
vais to the order. 


Bibliography of Edentata——No general work on the order has 


been published but that of Rapp (Anai. Untersuchungen tiber die 
Edentaten, 2d ed., 1852), now nearly out ofdate. Among numerous 
memoirs on special groups the following may be eited :—Myrme- 
cophagidz :—R. Owen, “ Anatomy of Great Anteater,” Trans. Zool. 
Soe., vol. iv.; G. Pouchet, Mém. sur le Grand Fourmilier, 1874; W. 
A. Forbes, “‘ Anat. of Great Anteater,” Proc. Zool. Soc., 1882, p. 
287. Megatheriide:—R. Owen, Extinct Gigantic Sloth (Mylodon 
Robustus), 1842; Id., “On the Megatherium,” Philos. Trans., 
1851-56; J. Leidy, ‘“‘ Extinct Sloth-tribe of North America,” 
Smithsonian Contrib. to Knowledge, vii., 1855; H. Burmeister, De- 
scription de la République Argentine, t. iii, Mammiferes, 1879,— 
which contains full references to various memoirs by Owen, 
Gervais, Reinhardt, and others. Glyptodontide :—Owen, Cata- 
logue of Fossil Mammals, Mus. Roy. Col. Sur » AOA DE. EL 
Huxley, ‘‘ Osteol. of Glyptodon,” PAu. Trans., 1865 ; H. Burmeis- 
ter, Annales del Museo Publico de Buenos Aires, and Descript. de la 
République Argentine, 1879. Dasypodidx :—J. Murie, “ Anatomy of 
Tolypeutes,” Trans. Linn. Soc., Vol. Xxx. 1874; A. H. Garrod, Proc. 
Zool. Soc. 1878. For placentation of Edentates see W. Turner, 
Trans. Roy. Soc. Edin., xxvii. (1873) p. 72, and Jour. Anat. and 
Physiol., vols. viii.and x.; A. Milne-Edwards, Ann. Sciences Nat. 
Chee p.1; and for brain, P. Gervais, “ Formes cérébrales des 
Edentés,” Nouv. Arch. du Muséum, tom. v.; W. Turner, Jour. 
Anatomy, i. 313 (1867). 


OrprER SIRENIA. 


The purely aquatic habits and Fish like form of the’ 
animals of this order caused them to be formerly con- 
founded with the Cetacea, but a more intimate knowl- 
edge of their structure has shown that they really 
belong to a widely different type of the class. 

The head is rounded and not disproportionate in size 
as compared with the trunk, from which it is scarcely 
separated by any externally visible constriction or 
neck. Nostrils valvular, separate, and placed above 
the fore part of the obtuse, truncated muzzle. Hyes | 
very small, with imperfectly formed eyelids, capable, 
however, of contraction, and with a well-developed 
nictitating membrane. Har without any pinna. Mouth 
of small or moderate size, with tumid lips beset with 
stiff bristles. General form of the body depressed fusi- 
form. No dorsal fin. Tail flattened and horizontally 
expanded. Fore limbs paddle-shaped, the digits being 
enveloped in a common cutaneous covering, though 
sometimes rudiments of nails are present. o trace 
of hind limbs. External surface covered with a tough, 
finely wrinkled, or very rugous skin, naked, or with 
fine hairs sparsely scattered over it. 

The skeleton is remarkable for the massiveness and 
density of most of the bones of which it is composed, 
especially the skull and ribs, which must add to the 
specific gravity of these slow-moving animals, and aid 
in keeping them to the bottom of the shallow waters in 
which they dwell, while feeding on aquatic vegetables. 
The skull presents many peculiarities, among which 
may be indicated the large size and backward position 
of the anterior narial aperture, a further modification 
of that met with in the Tapirs among Ungulates, and 
presenting some approach to that so characteristic of 
the Cetacea. The nasal bones are generally absent in 
the recent forms, or are only found in a most rudimen- 
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ary condition, attached to the edge of the frontals, far 
ay from the middle line; but in some at least of the 


norhal in situation and relations. In very few other 
respeets does the skull present any resemblance to that 
of theVetacea. In the spinal column none of the ver- 
tebree ate united together to form a sacrum, and the 
flat ends vf the bodies do not ossify separately, so as to 
form disk-ike epiphyses in the young state, as in nearly 
all other mammals. The anterior caudal vertebrae 
have well-developed chevron bones. In one genus 
(Manatus) there are only six cervical vertebrae. There 
are no clayicles. The humerus has a small but dis- 
tinct trochlear articulation at the elbow-joint. The two 
bones of the forearm are about equally developed, and 
generally ankylosed together at both extremities. The 
carpus is short and broad, and the digits five in num- 
ber, with moderately elongated and flattened phalanges, 
which are never increased in number favo the limit 
usual in the Mummalia. The pelvis is extremely 
rudimentary, consisting of a pair of bones suspended 
at some distance from the vertebral column. In no 
existing species is there any trace of a hind limb, but 
in the extinct Halitheriwm an acetabular depression 
and rudimentary femur have been discovered. 

Two kinds of teeth, incisors and molars, separated by 
a wide interval, are generally present. The former 
may be developed into tusks in the upper jaw, or 
may be quite rudimentary. The molars vary much in 
character. In one genus (//ytina) no teeth of any 
kind are present, at least in the adult. In all, the an- 
terior part of the palate, and a corresponding surface 
on the prolonged symphysis of the lower jaw, are 
covered with rough horny plates of peculiar struc- 
ture, which doubtless assist in mastication. The 
tongue is small and fixed in position, with a surface 
resembling that of the plates just spoken of. The sali- 
vary glands are largely developed. The stomach is 
compound, being divided by a valvular constriction 
into two principal cavities, the first of which is pro- 
vided with a singular glandular pouch near the cardiac 
end, and the second usually with a pair of elongated, 
conical, csecal sacs or diverticula. The intestinal canal 
is long, and with very muscular walls. There is a 
excum, either simple, conical, and with extremely 
thick walls, as in MHalicore, or bifid, as in Munatus. 
The apex of the heart is deeply cleft between the ven- 
tricles. The principal arteries form very extensive 
and complex retia nirabilia. The lungs are remarka- 
bly long and narrow, as, owing to the very oblique 

osition of the diaphragm, the thoracic cavity extends 
far back over the abdomen. The epiglottis and aryte- 
noid cartilages of the larynx do not form a tubular 
prolongation as in the Cetacea. The brain is of com- 

aratively small size, and the convolutions on the sur- 
ace of the cerebrum few and shallow. The kidneys 
are simple. ‘Testes abdominal. ‘The uterus is bicor- 
nuate. The placenta (in the Dugong) is non-deciduate 
and diffuse, the villi being scattered generally over the 
surface of the chorion except at the poles. The um- 
bilical vesicle disappears early. The mammz are two, 
and pectoral or rather post-axillary in position. 

The Strenia pass their whole life in the water, being 
denizens of shallow bays, estuaries, lagoons, and large 
rivers, but unlike the Cetacea are not met with in the 
high seas, far away from the shore. heir food con- 
sists entirely of aquatic plants, either marine alge or 
freshwater grasses, upon which they browse beneath 
the surface, as the terrestrial herbivorous mammals do 
upon the green pastures on shore. They are generally 
gregarious, slow and inactive in their movements, 
mild, inoffensive, and apparently unintelligent in dis- 
position. Though occasionally found stranded by the 
tide or waves, there is no satisfactory evidence that 
they voluntarily leave the water to bask or feed on the 
shore. The habit of the Dugong of raising its round 
head out of water, and carrying its young under the 
fore fin, seems to have given rise, among the imagina- 


net species these bones, though small in size, are | 
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tive early voyagers in the Indian Ocean, to the legend- 
ary beings, half human and half fish, in allusion to 
which the name Sirenia was bestowed by Llliger on the 
order, though certainly the face of a Dugong, when 
closely inspected, does not bear the slightest resem- 
blance to that of the mermaid of romance. The species 
now existing are very few, and there is reason to be- 
lieve that the time is not far distant when they will all 
become extinct. One species, Rhytina steller’, of the 
North Pacific, was totally exterminated through the 
agency of man during the last century; and the 
others, being valuable for their flesh as food, for 
their hides, and especially for the oil obtained from 
the thick layer of fat which lies immediately be- 
neath their skin, rapidly diminish in numbers as 
civilized populations occupy tlie regions forming their 
natural habitat. The surviving species are confined 
to the tropical regions of the shores of both sides of 
the Atlantic and the great rivers which empty them- 
selves into that ocean, and to the coasts of the Indian 
Ocean from the Red Sea to North Australia. In the 
Miocene and early Pliocene epoch Sirenians abounded 
in the seas of Europe, and their remains have been 
found in deposits of corresponding periods of North 
America. Kvidence has also been discovered of the 
existence of an animal of the group in the seas at the 
bottom of which the Hocene nummulitic limestone 
mountain ranges of Egypt were deposited. 

The existing genera present such well-marked dis- 
tinguishing characters that, if they alone were known, 
they might be placed in separate families; but, as in 
so many similar cases, our knowledge of the extinct 
forms, imperfect as it is, goes far to bridge over the 
distinction between them. 


Manatus.—Incisors 3, rudimentary, concealed beneath the 
horny oral plates, and disappearing before maturity. Molars 
11, but rarely more than § presentat one time; the anterior 
teeth falling before the posterior come into use; similar in 
characters from beginning to end of the series ; with square, 
enamelled crowns, the grinding surface raised into tubercu- 
lated transverse ridges. The upper teeth with two ridges 
and three roots, the lower teeth with an additional (posterior) 
ridge or talon and two roots. The cervical vertebrae present 
the remarkable anomaly of being reduced to six in number, 
the usual vertebral formula being C6, D15-18, Land C 25-29. 
Rostrum of the skull, formed by the union of the premaxille 
in front of the anterior narial aperture, shorter than the 
length of the aperture and scarcely deflected from the 
basi-cranial axis. Tail entire, rounded or shovel-shaped. 
Rudimentary nails on the forelimbs. Ceecum bifid. Habi- 
tat the shores of, and the great rivers which empty them- 
selves into, the Atlantic within the tropics. The American 
and African forms are generally considered to be distinct 
species (Mf. australis and M. senegalensis), though they differ 
but little from each other in anatomical characters and in 
habits. They are rather fluviatile than marine, ascending 
large rivers almost to their sources. See MANATEE, 

Halicore.—In the upper jaw a pair of large, nearly 
straight, tusk-like incisors, directed downwards and for- 
wards, partially coated with enamel. In the male they 
have persistent pulps, and bevelled cutting edges, which 
project a short distance from the mouth, but in the female 
though they remain through life in the alveolar cavity, 
they are not exserted, and, the pulp-cavity being filled with 
osteodentine, they soon cease to grow (as in the female 
Narwhal). In the young there is also a second small de- 
ciduous incisor on each side above. At this age there are 
also beneath the horny plate which covers the anterior 
portion of the mandible four pairs of slender conical teeth 
lodged in wide alveolar depressions. These become ab- 
sorbed before the animal reaches maturity. The molars 
are usually 2, sometimes #, altogether, but not all in place 
at once, as the first falls before the last rises above the 
gum; they are more or less cylindrical in section, except 
the last, which is compressed and grooved laterally, with- 
out distinction into crown and root, increasing in size from 
before backwards, with persistent pulps and no enamel. 
The summits of the crowns are tuberculated before wear- 
ing, afterwards flattened or slightly concave. Skull with 
rostrum formed by the union of the premaxille in front of 
the narial aperture, longer than the aperture itself, 
bending downwards at a right angle with the basi-cranial 
axis, and inclosing the sockets of the large incisor tusks. 
Anterior part of the lower jaw bent down in a correspond- 
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ing manner. Vertebre: C 7, D 18-19, L and C 30. Tail! 
broadly notched in the middle line, and with §wo pointed 
lateral lobes. No nails on the fore limbs. Csecum single. 
The Dugongs are more distinctly marine in their habits 
than the manatees, feeding chiefly on sea-water alge. 
They inhabit the shallow bays and creeks of the Red Sea, 
east coast of Africa, Ceylon, islands of the Bay of Bengal 
and the Indo-Malayan Archipelago (including the Philip- 
pines), and the north coast of Australia, ranging from Bar- 
row Reefs on the west to Moreton Bay on the east. Though 
the distinctive characters are not very obvious, they have | 
been divided into three species, according to the localities | 
which they respectively inhabit: H. tabernaculi from the Red 
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Fic. 41.—American Manatee (Manatus australis), from life. 
Zool. Soc., 1881, p. 457. 


Sea, H. Dugong from the Indian seas, and H. australis from 
Australia. The last-named has lately been the object of a 
regular ‘‘ fishery,” chiefly on account of its oil, which is 
peculiarly clear, limpid, and free from disagreeable smell, 
and is said to have the same medical properties as cod-liver 
oil. Although often stated in books to attain the length 
of 20 feet when adult, there does not appear to be any evi- 
dence from actual specimens in museums that Dugongs 
ever reach half that size, 8 feet being the common length 
of adult animals. 

Rhytina.—No teeth, their place being supplied function- 
ally by the dense, strongly-ridged, horny oral plates. Pre- 
maxillary rostrum about as long as the anterior narial 
aperture, and moderately deflected. Vertebree: C 7, D 
19, Land C 34-37. Head very small in proportion to 
the body. Tail with two lateral pointed lobes. Pectoral 
limbs small and truncated. Skin naked and covered with a 
very thick, hard, rugged bark-like epidermis. Stomach 
without cecal appendages to the pyloric cavity. Caecum 
simple. 

Only one species of this genus is known, R. stelleri, the 
Northern Sea-cow, by far the largest animal of the order, at- 
taining the length of 20 to 25 feet. Itwas formerly an inhabi- 
tant of the shores of two small islands in the North Pacific, 
Behring’s and the adjacent Copper Island, on the former of 
which it was discovered by the ill-fated navigator whose 
name the island bears, when with his accomplished com- 
panion, the German naturalist Steller, he was wrecked 
upon it in 1741. Twenty-seven years afterwards (1768), as 
is commonly supposed, the last of the race was killed,! and 
its very existence would have been unknown to science but 
for the interesting account of its anatomy and habits left 
by Steller, and the few more or less perfect skeletons which 
have recently rewarded the researches carried on in the 
frozen soil of the islands around which it dwelt. There is 
no evidence at present of its having inhabited any other 
coasts than those of the islands just named, though it can 
hardly be supposed that its range was always so restricted. 
When first discovered it was extremely numerous in the 
shallow bays round Behring’s Island, finding abundant nu- 
triment in the large laminarie growing in the sea. Its 
extirpation is entirely due to the Russian hunters and 
traders who followed upon the track of the explorers, and 
who, upon Steller’s suggestion, lived upon the flesh of the 
great Sea-cows. Its restricted distribution, large size, in- 
active habits, fearlessness of man, and even its affectionate 
disposition towards its own kind when wounded or in dis- 
tress, all contributed to accelerate its final extinction. 


EXTINCT SIRENIA. 


The Miocene and early Pliocene seas of Europe abounded 
in Sirenians, to which the generic name of Halitheriwn was 
given by Kaup. They had large tusk-like incisors in the 


1 Nordenski6ld, during his recent voyage in the “ Vega,” ob- 
tained some information from natives of Behring’s Island which 
led him to believe that a few individuals may have survived to 
a much later date, even to 1854, 
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upper jaw, as in the existing Dugongs, though not so greatly 


| developed. Their molar teeth were 2 or §, anteriorly simpk 


and single-rooted, posteriorly those above with three aad 
those below with two roots, and with enamelled and tubercu- 
lated or ridged crowns, in all which respects they moze re- 
semble those of the Manatee than of the Dugong. The ante- 
rior molars were deciduous. Some species at least had nasal 
bones, short, broad, but normal in position, whereasin all the 
existing genera these bones are quite rudimentary. Another 
and still more important evidence of conformity to the gen- 
eral mammalian type is the better developmentof the pelvic 
bone, and the presence of asmall styliform femar articulated 
to the acetabulum, although no traces of any other part of the 
limb have been discovered. These ancient Sirenians were 
thus, in dental, cranial, and other osteological characters, 
less specialized than are either of the existing spe- 
cies, and, if the intermediate links could be dis- 
covered, might well be looked upon as an- 
cestral forms from which the latter 
have been derived, but at present the 
transitional conditions have not been 
detected. So far as is yet known, 
when changes in the physical condi- 
. tions of the European seas rendered 
= them unfitted to be the habitation of 
Sirenians, the Halitherium type still prevailed. If the ex- 
isting Dugongs and Manatees are descended from it, their 
evolution must have taken place during the Pliocene and 
Pleistocene epochs, the one in seas to the east, the ‘other to 
the west of the African continent, which has long formed a 
barrier to their intercommunication. Halitherium remains 
have been found in many parts of Germany, especially 
near Darmstadt, also in France, Italy, Belgium, Malta, the 
isthmus of Suez, ete. Until lately none were known from 
England, probably owing to the absence of beds of an 
age corresponding to those in which they are found 
on the European continent; but recently a skull and sev- 
eral teeth have been detected among the rolled debris 
of Miocene formatigns, out of which the Red Crag of Suffolk 
is partially composed. The species are not yet satisfactorily 
characterized. Some of them appear to have attained a 
larger size than the existing Manatee or Dugong. One of 
these from the Pliocene of Italy and France, haying but 2 
molar teeth, has been separated generically under the name 
of Felsinotheriwum by Capellini, by whom it has been fully 
described. <A portion of a skull found in Belgium has been 
named Crassitherium by Van Beneden ; andsome compressed 
teeth, somewhat similar to but larger than those of the 
Dugong, discovered in the department of Lot-et-Garonne, 
France, gave origin to the genus Rytiodus of KE. Lartet. Of 
this more complete remains have recently been described” 
by Delfortrie. The rostrum is more elongated than in Hali- 
theriwn, but the skull is otherwise very similar, as are the 
molarteeth. The incisors are very large, exserted, strongly 
compressed, almost sabre-like, rounded on the upper or an- 
terior surface, sharp below, concave on the external and 
convex on the inner side, and transversely striated. 

Pachyacanthus of Brandt, from the Vienna basin, is also, 
according to Van Beneden, another form of Sirenia, of which, 
however, the skull is not known. In various Miocene and 
perhaps Eocene marine formations of the United States of 
America remains of Sirenians havé been found, but mostly in 
such afragmentary condition that they afford at present little 
evidence of the early history of the group in that country. A 
more satisfactory discovery is that of a nearly complete skull 
and some bones from a limestone Tertiary formation in Ja- 
maica. It is of smaller size than the Manatee, and as far 
as the teeth are concerned, of a still more generalized char- 
acter than Halitherium, the dentition being apparently 73, 
ct, p?, m$=48. The incisors are small, not developed 
into tusks; the canines (wanting in all existing Sirenians) are 
rather larger than the incisors, judging by the sockets; and 
the molars are bilophodont, and covered with enamel. It has 
been described by Professor Owen under the name of Pro- 
rastomus sirenoides. Unfortunately we have no knowledge 
of the geological antiquity of the formation in which it 
was imbedded. Lastly must be mentioned the Hotheriwm 
egyptiucum, Owen, founded on the cast of a brain, with a 
small quantity of surrounding bone, discovered in the num- 
mulitie limestone of Eocene age of the Mokattam Hills, 
near Cairo. The brain is narrower than in Manatus, and 
resembles that of Halitherium. This is of interest as the 
most ancient known evidence of any Sirenian whose age 
has been geologically determined. 

The few facts as yet collected relating to the former his- 
tory of the Sirenia leave us as much in the dark as to the 
origin and affinities of this peculiar group of animals as we 
were when we only knew the living members. They lend 
no countenance to their association with the Cetacea, and 
on the other hand their supposed affinity with the Ungulata, 
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so much favored by modern zoologists, receives no very 
material support from them. 


Bibliography of Sirenia.—J. F. Brandt, Symbolx Sirenologice, St. 
Petersburg, 3 fasciculi, 1846-61-68,—an exhaustive account of the 
anatomy, affinities and literature of the group, with copious il- 
lustrations of the osteology of Rhyltina. Anatomy of Dugong :— 
Everard Home, Phil. Trans., 1820, p. 315; Owen, Proc. Zool. Soc., 
1838, p. 29. Manatee ;—Vrolik, Bijdr. tot de Dierkunde, 1851; Murie, 
Trans. Zool. Soc. Lond., vol, viii, p, 127, 1870, and vol. xi. p. 19, 
1880; Garrod, zbid., vol. x. p. 187, 1875. Extinet Sirenia :—Gervais, 

- Journal de Zoologie, tom, i. p. 332, 1872. 
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This is perhaps the most distinctly circumscribed 
and natural of all the larger groups into which the 
class is divided. 

The external form is Vishlike, the body being fusi- 
form, passing anteriorly into the head without any dis- 
tinct constriction or neck, and posteriorly tapermg off 
gradually towards the extremity of the tail, which is 
provided with a pair of lateral, pointed expansions of 
skin supported by dense fibrous tissue, called ‘‘ flukes,’’ 
forming together a horizontally placed triangular pro- 
pelling organ, notched in the middle line behind. 

The head is generally large, in some species attain- 
ing to even more than one-third of the entire length 
of the animal, and the aperture of the mouth is al- 
ways wide, and bounded by stiff immobile lips. ‘The 
fore limbs are reduced to the condition of flattened 
ovoid paddles, encased in a continuous integument, 
showing no external sign of division into forearm and 
manus, or of separate digits, and with- 
out any trace of nails. There are no 
signs of hind limbs visible externally. 
The general surface of the skin is 
smooth and glistening, and devoid® of 
hair, although in many species there 
are a few fine bristles in the neighbor- 
hood of the mouth, which may persist 
through life or be present only in the 
young state. Immediately beneath the 
skin, and intimately connected with it, 
is a thick layer of fat, held together by 
a dense mesh of areolar tissue, constitut- 
ing the ‘‘blubber,”’ which serves the 


purpose of the hairy covering of other mammals in 


retaining the heat of the body. In nearly all species 
a compressed median dorsal tegumentary fin is present. 
The eye is small, and is not provided with a nictitating 
membrane or true lacrymal apparatus. The external 
auditory meatus is a very minute aperture in the skin 
situated at a short distance behind the eye, and there 
is no vestige of a pinna. The nostrils open separately 
or by a single crescentic valvular aperture, not at the 
extremity of the snout, but near the vertex. 

The bones generally are spongy in texture, the cay- 
ities being filled with oil. In the vertebral column, 
the cervical region is remarkably short and immobile, 
and the vertebrze, originally always seven in number, are 
in many species more or less fused together into a solid 
mass. The odontoid process of the axis, when that 
bone is free, is usually very obtuse or even obsolete. 
None of the vertebrze are united together to form a 
sacrum. he lumbar and caudal vertebree are nu- 
merous and large, and, as their arches are not con- 
nected by any articular processes (zygapophyses), they 
are capable of a very free motion in all directions. 
The epiphyses at the ends of the vertebral bodies are 
very distinct flattened disks, not uniting until after the 
animal has attained its full dimensions.!. There are 
largely developed chevron bones, the presence of which 
indicates the distinction between the caudal and lum- 
bar vertebree. 

The skull is modified in a very peculiar manner. The 
brain-case is short, broad, and high, almost. spherical, 
in fact. The supra-occipital bone rises upwards and 

1 This is an important distinction from the Sirenia, but a char- 
acter common to nearly all other mammals. It is doubtful 
whether there is any foundation for the statement that these 


epiphyses remain ununited for an exceptionally long period in 
the Cetacea. ~ 
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forwards from the foramen magnum, to meet the 
frontals at the vertex, completely excluding the pari- 
etals from the upper region of the cranium. The 
frontals are expanded laterally to form the roof of the 
orbits. The anterior narial aperture opens upwards, 
and has in front of it a more or less horizontally pro- 
longed rostrum, formed of the maxilla, premaxillee, 
vomer, and mesethmoid cartilage, extending forwards 
to form the upper jaw or roof of the mouth. 

There are no clavicles. The humerus is freely mova- 
ble on the scapula at the shoulder-joint, but beyond 
this the Apeionlatious of the limb are imperfect, flat- 
tened ends of the bones coming in contact with each 
other, with fibrous tissue interposed, allowing of 
scarcely any motion. The radius and ulnaare distinct, 
and about equally developed, and much flattened, as 
are all the bones of the manus. There are four, or 
more commonly five, digits, and the number of the 
phalanges of the second and third digits always ex- 
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Fra. 42.—A Section of the Skull of a Young Dolphin (Globicepha- 
lus melas). X%. PM, pre-maxilla; Ma, maxilla; ME, ossified 
portion of the mesethmoid; an, anterior nares; Na, nasal; IP, 
inter-parietal; Fr, frontal; Pa, parietal; SO, supra-occipital ; 
Ex0O, ex-occipital; BO, basi-occipital ; Sq, squamosal; Per, peri- 
otic; AS, alisphenoid; PS, presphenoid; Pt, pterygoid; pn, 
posterior nares; Pl, palatine; Vo, vomer; s, symphysis of man- 
dible; id, inferior dental canal; ep, coronoid process of man- 
dible; cd, condyle; a, angle; sh, stylo-hyal; bh, basi-hyal; th, 
thyro-hyal. From Osteology of Mammalia. 

ceeds the normal number in mammals, sometimes very 

considerably ; they present the exceptional character of 

haying epiphyses at both ends.? The pelvis is repre- 
sented by a pair of small styliform bones placed lon- 
gitudinally, suspended below and at some distance from 
the vertebral column at the commencement of the 
caudal region. These appear to represent the ischia, 
as the crura of the corpora cavernosa are attached to 
them. In some species, to the outer surface of these 
are fixed other small bones or cartilages, the rudiments 
of the hind limb. j } 
Teeth are ae ag present, but exceedingly variable 
in number. ‘In the existing species, they are of simple, 
uniform character, all having conical or compressed 
crowns and single roots, and are never preceded by 
milk teeth. They are therefore homodont and mono- 
phyodont. In one group, the Mystacocetes, the teeth 
are absent (except in the foetal condition), and the 
alate is provided with numerous transversely placed 
orny laminze or “‘baleen,’’ The salivary glands are 
rudimentary or absent. The stomach is multilocular. 
The intestinal canal simple, and only in some species 


2 A character repeated in some of the Seals, 
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provided with a small caecum. The liver is very little | abound in some seas in vast numbers, as they form 


fissured, and there is no gall-bladder. The vascular 
system is greatly complicated by arterial and venous 
plexuses, or retia mirabilia. The larynx is of peculiar 
shape, the arytenoid cartilages and the epiglottis being 
much elongated, and together forming a tubular pro- 
longation, which projects into the posterior nares, and 
when embraced by the soft palate forms a continuous 
passage between the nostrils and the trachea, as in the 
Ungulates, but in a more perfect manner. The brain | 
is large relatively to the size of the animal, very round | 
in form, and with its surface divided by sulci into very | 
numerous and complex convolutions. The kidneys are | 
deeply lobulated. The testes are abdominal. ‘There | 
are no vesicule: seminales, noros penis. The uterus is 

bicornuate, the placenta non-deciduate and diffuse. 

The mamm2 are two in number, and the nipples placed 

in depressions on each side of the vulva. The prin- 

cipal ducts of the gland are dilated during lactation 

into large reservoirs, into which the milk collects, and 

from which it is injected by the action of a compressor 

muscle into the mouth of the young animal, by which 

means the process of sucking under water is greatly 

facilitated and expedited. 

The animals of the order Cetacea abound in all | 
known seas, and some species are inhabitants of the 
larger rivers of South America and Asia. Their or- 
ganization necessitates their passing their life entirely 
in the water, as on land they are absolutely helpless. 
They have, however, to rise very frequently to the 
surface for the purpose of respiration; and, in relation 
to the constant upward and downward movement in 
the water thus necessitated, their principal instrument 
of motion, the tail, is expanded horizontally, quite 
unlike that of a Fish, whose movements are mainly in 
straightforward or lateral directions. The position of 
the respiratory orifice or nostril on the highest part of 
the head is very important for this mode of life, as it 
is the only part of the body the exposure of which 
above the surface is absolutely necessary. Of the nu- 
merous erroneous ideas connected with natural history, 
few are so widespread and still so firmly believed, not- 
withstanding repeated expositions of its falsity as that 
the Cetacea spout out through their blowholes water 
taken in at the mouth. The fact is, the ‘‘ spouting,”’ 
or more properly ‘‘blowing,”’ of the Whale is nothing 
more than the ordinary act of expiration, which, taking 
place at longer intervals than in land animals, is per- 
formed with a greater amount of emphasis. The mo- 
ment the animal rises to the surface it forcibly expels 
from its lungs the air taken in at the last inspiration, 
which of course is highly charged with watery vapor 
in consequence of the natural respiratory changes. 
This, rapidly condensing in the cold atmosphere in 
which the phenomenon is generally observed, forms a 
column of steam or spray, which has been erroneously 
taken for water. It also often happens, especially 
when the surface of the ocean is agitated into waves, 
that the animal commences its expiratory puff before 
the orifice has quite cleared the top of the water, some 
of which may thus be driven upwards with the blast, 
tending to complete the illusion. In hunting Whales 
the harpoon often pierces the lungs or. air-passages of 
the unfortunate victim, and then fountains of blood 
may be forced high in the air through the blowholes, 
as commonly depicted in scenes of Arctic adventure ; 
but this is nothing more (allowance being made for the 
Whale’s peculiar mode of breathing) than what always 
follows severe wounds of the respiratory organs of other 
mammals. 

* All the Cetacea are predaceous, subsisting on living 
animal food of some kind. One genus alone ( Orea) 
eats other warm-blooded animals, as seals, and even 
members of its own order, both large and small. Many 
feed on fish, others on small floating crustaceans, ptero- 
pods, and medusze, while the principal staple of the 
food of many is constituted by the various species of 
cephalopods, Loligo and other Veuthide, which must 


/oned as orders. 


almost the entire support of some of the largest mem- 


‘bers of the order. In size the Cetacea vary much, some 


of the smaller Dolphins scarcely exceeding 4 feet in 


| length, while others are the most colossal of all animals. 


It is true that most statements of their bulk found in 
general and even zoological literature are greatly exag- 
gerated, but even when reduced to their actual dimen- 
sions (which will be mentioned under the respective 
genera) some of the existing Whales exceed in size that 
of any animal living either at present or in former times 
of which we have any certain evidence. With some 
exceptions, the Cetacea generally are timid inoffensive 
animals, active in their movements, and very aftec- 
tionate in their disposition towards one another, espe- 
cially the mother towards the young, of which there is 
usually but offe, or at most two, at atime. They are 
generally gregarious, swimming in herds or “‘schools”’ 
(so termed by the whalers) sometimes amounting to 
many thousands in number; though some species have 
hitherto only been met with either singly or in pairs. 

Relations of the differeut Cetacea to each other and 
to other Mammuls.—As before said, the Cetacea form 
a perfectly well-defined group, sharply separated from 
all other mammals, and with no outlying or doubtful 
forms at present known. Among the existing members 
of the order, there are two very distinct types, the 
Toothed Whales or Odontoceti and the Baleen Whales 
or Mystacoceti, which present as many marked distin- 
guishing structural characters as are found between 
many other divisions of the Mammalia which are reck- 
The extinet Zenuglodon, so far as its 
characters are known, does not fall into either of these 
groups, but is in some respects an*annectant form, and 
therefore must be placed, provisionally at least, in a 
third group by itself. 

The Mystacocetes appear at first sight to be the most 
specialized and aberrant of the existing Cetacea, as indi- 
cated by the absence of teeth, the presence of baleen, 
and the form and size of the mouth; but, as we see in 
other groups, dental characters, and all such as relate 
to the prehension of food generally, are essentially 
adaptive and consequently plastic or prone to variation, 
and hence cannot well be relied upon as tests of affinity. 
In another character, also adaptive, the laxity of the 
connection of the ribs with the vertebral column and 
with the sternum, and the reduction of that bone in size, 
allowing great freedom of expansion of the thoracic 
cavity for prolonged immersion beneath the water, the 
Mystacocetes have passed beyond the Odontocetes in 
specialization. On the other hand, the greater sym- 
metry of the skull, the more anterior position of the 
external nostrils and their double external orifice, the 
form of the nasal bones, the presence of a distinetly 
developed olfactory organ, the mode of attachment of 
the periotic bone to the cranium, the presence of a 
ceecum and the regular arrangement of Ae alimentary 
eanal, the more normal characters of the manus and 
the better development of the muscles attached to it, 
and the presence, in many species at least, of parts 
representing not only the bones but the muscles and 
ligaments of a hind limb,! all show less deviation from 
the ordinary mammalian type than is presented by the 
Odontocetes. Taking all these characters into consid- 
eration, it does not appear reasonable to suppose that 
either type has been derived from the other, at all 
events in the form in which we see it now, but rather 
that they are parallel groups, both modified in different 
fashions from common ancestors. } 

Among the Mystacocetes, in the especially distin- 
guishing characters of the division, the Balcenopteree 
are less specialized than the Balence, which in the 
greater size of the head, the length and compression of 
the rostrum, the development of the baleen, and short- 
ness of the cervical region are exaggerated forms of the 
type, and yet they retain more fully some primitive 


1 These have recently been described in detail by Professor 
Struthers in the Journal of Anatomy and Physiology, 1881. 
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characters, as the better development of the hind limb, 
the pentadactylous manus, and the absence of a dorsal 
fin. Both forms are found distinct in a fossil state as 
far back as the early Pliocene age, but generally repre- 
sented by smaller species than those now existing. ‘The 
Mystacocetes of the Miocene seas were, so far as we 
know at present, only Balanoptere, some of which 
( Cetotherium) were, in the elongated flattened form of 
the nasal bones, the greater distance between the 
occipital and frontal bone at the top of the head, and the 
greater length of the cervical vertebre, more general- 
ized than those now existing. In the shape of the 
mandible also, Van Beneden, to whose researches we 
are chiefly indebted for a knowledge of these forms, 
discerns some approximation to the Odontocetes. 

Among the last-named group there are several dis- 
tinct types, of which that represented by Platanista, 
although in some respects singularly modified, has been 
considered to present on the whole approximations 
towards the more normal and general type of mam- 
malian structure. It is therefore interesting to find a 
similar form well represented among the earliest fossil 
remains of Cetaceans in Hurope. Almost all the other 
members of the suborder range themselves under the 
two principal heads of Ziphioids (or Physeteroids) 
and Dasiisoids. The former is an ancient and once 
abounding type, of which the Sperm Whale ( Physeter) 
is a highly specialized form. Among the latter, Globr- 
cephalus is a modified form as regards the structure of 
its anterior extremity, and Monodon as regards its 
dentition, while Delphinus with its various minor 
subdivisions may be regarded as the dominating type 
of Cetaceans at the present day, abundant in slightly 
differentiated species and abundant in individuals. 
They are in this respect to the rest of the order much 
as the hollow-horned Ruminants are to the Ungulates. 

The earliest Cetaceans of whose organization we have 
anything like complete evidence are the Zeuglodons of 
the Hocene period, which approach in the structure of 
skull and teeth to a more generalized mammalian type 
than either of the existing suborders. The smallness 
of the cerebral cavity compared with the jaws and the 
rest of the skull they share with the primitive forms 
of many other types. The forward position of the 
narial aperture and the length and flatness of the nasal 
bones, which distinguish them from all existing forms, 
we must also suppose to be a character at one time 
common to all Cetaceans, though now retained (but 
to a less degree) only by the Mystacocetes. Even 
Squalodon, which in its heterodont dentition so much 
resembles Zeuglodon as to have been placed by some 
zoologists in the same genus, entirely differs from. it, 
and conforms with the ordinary Dolphins in its essen- 
tial cranial characters. 

The origin of the Cetacea is at. present involyed in 
much obscurity. They present no signs of closer af- 
finity to any of the lower classes of vertebrates than do 
many other members of their own class. Indeed in 
all that essentially distinguishes a mammal from the 
 oviparous vertebrates, whether in the osseous, nery- 
ous, reproductive, or any other system, they are as 
truly mammalian as any other group. Any supposed 
marks of inferiority, as absence of limb structure, of 
hairy covering, of lacrymal apparatus, etc., are obvi- 
ously modifications (or degradations, as they may be 
termed) in adaptation to their special mode of life. 
The characters of the teeth of Zenglodon and other 
-extinet forms, and also of the foetal Mystacocetes, 
clearly indicate that they have been derived from 
mammals in which the heterodont type of dentition was 
fully established. The steps by which a land mammal 


may have been modified into a purely aquatic one are |, 


clearly indieated by the stages which still survive 


among the Carnivora, in the Otarie, aud in the true 


1 The cervical vertebra of Palxocetus, Suppoeed, to be from the 
Cambridge Greensand, and a single caudal vertebra lately found 
in the Upper Eocene at Roydon in Hampshire, may for the present 
be omitted from consideration, as too inconclusive in the nature 
of the evidence they afford as to the history of the group. 
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Seals. A further change in the same direction would 
produce an animal somewhat resembling a Dolphin, 
and it has been thought that this may have been the 
route by which the Cetacean form has been developed. 
There are, however, great ditficulties in the way of 
this view. Ifthe hind limbs had ever been developed 
into the very efficient aquatic propelling organs they 
present in the Seals, it is not easy to imagine how 
they could have become completely atrophied and 
their functions transferred to the tail. It is more 
likely that the Whales were derived from animals with 
long tails, which were used in swimming, eventually 
with such effect that the hind limbs became no longer 
necessary. The powerful tail, with its lateral cutane- 
ous flanges, of an American species of Otter (Ptero- 
nura sandbachii) may give an idea of this member in 
the primitive Cetaceans. But the structure of the 
Cetacea is, in so many essential characters, so unlike 
that of the Carnivora that the probabilities are against 
these orders being nearly related. yeu in the skull 
of the Zeuglodon, which has been cited as presenting 
a great resemblance to that of a Seal, quite as many 
likenesses may be traced to one of the primitive Pig- 
like Ungulates (except in the purely adaptive character 
of the form of the teeth), while the elongated larynx,” 
complex stomach, simple liver, reproductive organs 
both male and female, and foetal membranes of the ex- 
isting Cetacea are far more like those of that group 
than of the Curnivora. Indeed it appears probable 
that the old popular idea which affixed the name of 
**Sea-Hog’’* to the Porpoise contains a larger element 
of truth than the speculations of many accomplished 
zoologists of modern times. ‘The fact that ?latainistu, 
which, as mentioned above, appears to retain more of 
the primitive characteristics of the group than any 
other existing form, and also the somewhat related 
Inia from South America, are both to the present day 
exclusively fluviatile, may point to the freshwater 
origin of the whole group, in which case their other- 
wise rather inexplicable absence from the seas of the 
Cretaceous period would be accounted for. 


SuBORDER MYSTACOCETI, 
The BALMNOIDEA, or Whalebone Whales. 


Teeth never functionally developed, but always disap- 
pearing before the close of intra-uterine life. Palate 
provided with plates or baleen or ‘“ whalebone.” Skull 
symmetrical. Nasal bones forming a roof to the anterior 
nasal passages. which are directed upwards and forwards. 
Maxilla produced in front of, but not over, the orbital pro- 
cess of the frontal. Lacrymal bones small and distinct from 
the jugal. Tympanic bone ankylosed with the periotie, 
which is attached to the base of the cranium by two strong 
Olfactory organ distinctly developed. 
Rami of mandible arched outwards, their anterior ends 
meeting at an angle, and connected by fibrous tissue with- 
out any true symphysis. All the ribs at their upper 
extremity articulating only with the transverse processes 
of the vertebre; their capitular processes when present 
not articulating directly with the bodies of the vertebra. 
Sternum composed of a single piece, and articulating only 
with a single pair of ribs. No ossified sternal ribs. Ex- 
ternal openings of nostrils distinct from each other, 
longitudinal, A short conical cecum. : 

These animals have, when in the fetal state, numerous, 
minute, calcified teeth lying in the dental groove of both 
upper and lower jaws. They are best developed about the 
middle of fetal life, after which period they are absorbed, 
and no trace of them remains at the time of birth The 
baleen or whalebone does not make its appearance until 
aftey birth. It consists of a series of flattened horny 
plates, between three and four hundred in number, on each 
side of the palate, with a bare interval along the middle 
line. They are placed transversely to the long axis of the 


2There is much resemblance in the larynx of the Hippopota- 
‘mus, but none in that of the seal, to the same organ in the Cetacea. 

8 German, Meerschwein, whence the French Marsowin. ‘ Pow- 
poise’ is said to be derived from “ Pore-poisson.” 

4 These were discovered in the Greenland Whale by Geoffroy 
St, Hilaire, whose observations were confirmed and extended to 
other genera by Eschricht. They have lately been very fully de- 
Seated in Balenoptera rostrata by Julin (Archives de Biologie, 


i., 1880). 
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palate, with very short intervals between them. Each 
plate or blade is somewhat triangular in form, with the 
base attached to the palate and the apex hanging down- 
wards. The outer edge of the blade is hard and smooth, 
but the inner edge and apex fray out into long bristly fibres, 
so that the roof of the whale’s mouth looks as if covered 
with hair, as described by Aristotle. At the inner edge of 
each principal blade are two or three much smaller or sub- 
sidiary blades. The principal blades are longest near the 
middle of the series, and gradually diminish towards the 
front and back of the mouth. The horny plates grow from 
a dense fibrous and highly vascular matrix, which covers 
the palatal surface of the maxille, and which sends out 
lamellar processes, one of which penetrates the base of each 
blade. Moreover, the free edge of these processes is covered 
with very long vascular thread-like papille, one of which 
forms the central axis of each of the hair-like epidermic 
fibres of which the blade is mainly composed. A transverse 
section of fresh whalebone shows that it is made up of 
numbers of these soft vascular papillee, circular in outline, 
each surrounded by concentrically arranged epidermic cells, 
the whole bound together by other epidermic cells, that 
constitute the smooth cortical (so called ‘‘ enamel”) surface 
of the blade, which, disintegrating at the free edge, allows 
the individual fibres to become loose and assume the hair- 
like appearance before spoken of. These fibres differ from 
hairs in not being formed in depressed follicles in the ende- 
ron, but rather resemble the fibres composing the horn of 
the Rhinoceros. The whalebone in fact consists of nothing 
more than modified papille of the buccal mucous mem- 
brane, with an excessive and cornified epithelial devel- 

- opment. The blades are supported, and bound together for 
a certain distance from their base, by a mass of less hard- 
ened epithelium, secreted by the surface of the palatal 
membrane or matrix of the whalebone in the intervals of 
the lamellar processes. Thisis the “intermediate sub- 
stance” of Hunter, the “gum” of the whalers. Baleen 
varies much in color in different species. In some it is 
almost jet black, in others slate color, horn color, yellow, or 
even creamy-white. In some the blades are variegated with 
longitudinal stripes of different hues. It differsalso greatly 
in other respects, being short, thick, coarse, and stiff in 
some, and greatly elongated and highly elastic in those 
species in which it has attained its fullest development. 
Its function is to strain the water from the small marine 
molluses, crustaceans, or fish upon which the whales sub- 
sist. In feeding they fill the immense mouth with water 
containing shoals of these small creatures, and then, on 
their closing the jaws and raising the tongue, so as to di- 
minish the cavity of the mouth, the water streams out 
through the narrow intervals between the hairy fringe of 
the whalebone blades, and escapes through the lips, leaving 
the living prey to be swallowed.! 

Our knowledge of the different structural modifications 
attained by members of this important group of mammals, 
though largely increased of late years, is still imperfect. 
Formerly they were all divided into Right Whales ( Balzna) 
and Rorquals or Fin-whales (Balenoptera), the latter dis- 
tinguished by their smaller heads, elongated and slender 
form, free cervical vertebrae, tetradactylous manus, and 
the presence of very conspicuous longitudinal furrows or 
folds in the skin of the throat and chest, and of a small 
adipose dorsal fin. Recent discoveries have, however, 
brought to light several forms holding a somewhat inter- 
mediate position, and presenting combinations of characters 
not found in either of the larger known sections. Accord- 
ing to our present knowledge the group is naturally divided 
into five very distinct genera. As these will be more fully 
described in the article WHALE, it will be sufficient at 
present. to indicate their principal characteristics. 

Balena.—Skin of throat smooth, not furrowed. No dor- 
sal fin. Cervical vertebre united into a single mass. Pec- 
toral limb short, broad, and pentadactylous. Head very 
large. Baleen very long and narrow, highly elastic and 
black. Scapula high, with a distinct coracoid and coronoid 
process. This genus contains the well-known Greenland 
Right Whale (B. mysticetus) of the Arctic seas, the whale- 
bone and oil of which are so much valued in commerce, and 
also other whales, distinguished from this by having heads 
somewhat smaller in proportion to the body, with shorter 
baleen, and a larger number of vertebre. These inhabit 
the temperate seas of both northern and southern hemi- 
spheres, and have been divided by zoologists into several 
species in accordance with their geographical distribution, 
—B. biscayensis of the North Atlantic, B. japonica of the 


1 For the structure of whalebone, see Hunter, “‘ Observations on 
the Structure and Economy of Whales,” 
Eschricht and Reinhardt, On the Greenland Right Whale, English 
tianslation by the Ray Society, 1866, pp. 67-78; and W. Turner, in 
Trans. Roy. Soc. Edin., 1870. 
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North Pacific, B. australis of the South Atlantic, and B. 
antipodarum and novee-zelandizx of the South Pacifie; but the 
differential characters by which they have been separated 
—external as well as anatomical—are so slight and so liable 
to individual variation that it is not improbable that when 
they are better known they will all come to be regarded as 
forming but a single species. 

Neobalena.—Kuown chiefly at present by the characters 
of the skeleton and baleen, which are very different from 
those of all other whales, but said to combine absence of 
plications of the throat with the presence of a dorsal fin. 
The cervical vertebre are united. The manus small, nar- 
row, and tetradactylous, wanting the pollex. The ribs 
remarkably expanded and flattened. The scapula very 
low and broad, with completely developed acromion and 
coracoid processes. Baleen very long, slender, elastic, and 
white. <A single at present very rare species, NV. marginata, 
from the Australian and New Zealand seas, is the smallest 
of the Whalebone Whales, being not more than 20 feet in 
length. 

Rachianectes.—This combines the small head, elongated 
form, and narrow pectoral fin of Balenoptera with the 
smooth skin of the throat and absence of the dorsal fin 
of Balzna, The baleen is the shortest and coarsest of any 
of the group. Its osteology is imperfectly known, One 
species, R. glaucus, the Gray Whale of the North Pacific. 

Megaptera.—Head of moderate size. Baleen plates short 
and broad. Cervical vertebre free. Scapula with acro- 
mion and coracoid process absent or rudimentary. Skin 
of throat plicated. Dorsal fin low. Pectoral limb tetra- 
dactylous, very long and narrow, attaining about one- 
fourth of the length of the entire animal, the metacarpus 
and phalanges being greatly developed, and the latter very 
numerous. Animals of this genus, called ‘‘ Humpbacks” by 
the whalers, are found in almost all seas. They have been 
divided into many species, but no satisfactory characters 
have yet been pointed out by which these can be dis- 
tinguished from one another. 

Balenoptera.—Head small and flat, and pointed in front. 
Body long and slender. Skin of throat plicated. A small 
falcate dorsal fin. Baleen short and coarse. Cervical ver- 
tebree free. Scapula low and broad, with a large acromion 
and coracoid process. Pectoral limb tetradactylous, small, 
narrow, and pointed. This genus contains the various spe- 
cies of Rorquals, Fin-whales, Fin-backs, Finners, or Razor- 
backs, as they are variously called, some of which are 
found in almost every sea. Among them are the most 
gigantic of all animals, B. sibbaldii, which attains the 
length of 80 feet, and the small B. rostrata, which does not 
exceed 30. There are certainly four quite distinct modifi- 
cations of this genus, represented by the two just men-. 
tioned, and by B. musculus and B, borealis, all inhabitants 
of British seas, but the question whether almost iden- 
tical forms found in the Southern and Pacific Oceans are 
to be regarded as specifically identical or as distinct awaits 
the result of future researches. 


SusporDER ARCHHOCETI. 


This group is formed to include certain extinct Cetaceans, 
which are at present only known by more or less fragmen- 
tary portions of their skeleton and teeth, and whose posi- © 
tion and affinities are therefore still subject to doubt. 

In the anterior part of both jaws the teeth are simple, 
conical, or slightly compressed, and sharp-pointed. The 
first three in the upper jaw are distinctly implanted 
in the premaxillary bone, and so may be reckoned as 
incisors. The tooth which succeeds, or the canine, is 
also simple and conical, but it does not exceed the 
others in size. This is followed by five teeth with 
two distinct roots, and compressed, pointed crowns, with 
denticulated cutting edges. The dentition is therefore 
i 3,ct+,p andm = 36, resembling that of some Seals.” 
General form of the skull elongated and much depressed. 
Brain cavity very small, and the skull between it and the 
orbits elongated and narrow. Temporal fosse very large. 
A strong sagittal crest. Rostrum long and narrow, differ- 
ing from that of other Cetaceans in the large extent to 
which the premaxille form the sides of the anterior ex- 
tremity. Nasal bones elongated, flat, and narrow, the open- 
ing of the anterior nares being over the middle of the elon- 
gated compressed rostrum. AJ] the cervical vertebre free. 
The characters of the dorsal vertebree, and mode of articu- 
lation of the ribs, appear to have resembled those of Plata- 
nista rather than Balena, Physeter, or Delphinus. Lumbar 


2 An appearance in one specimen has been described by C. G. 
Carus as indicating a vertical succession of the teeth, but the evi- 
dence upon which this rests is by no means satisfactory, and ap- 
| pears to admit of another explanation. 
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vertebrae with elongated bodies, Characters of the limbs 
not known with certainty.! 

All the known fossil remains belonging to the animals of 
this group may be referred, provisionally at least, to the 
genus Zeuglodon, so named because the first section of a molar 
tooth examined was taken from the base of the crown, 
where it was beginning to divide into the two roots, and 
looked like two single teeth ‘linked or yoked together.” 
This name was substituted by Owen for the earlier one 
Basilosaurus of Harlan, with the consent of that author, on 
the mammalian nature of the animal being demonstrated.? 
The latter name is, however, still generally retained by 
American zoologists. The remains have hitherto been 
found chiefly in the Eocene formations of the States of Ala- 
bama, Louisiana, Mississippi, and Arkansas, and have been 
assigned to several species. A portion of askull is recorded 
from the Barton Clay (Eocene) of Hampshire, England. 


SUBORDER ODONTOCETI, 
The DELPHINOIDEA, or Toothed Whales. 


Calcified teeth always present after birth; generally 
numerous, but sometimes a very limited number (in a few 
cases none) are functionally developed. No baleen. Upper 
surface of the skull more or lessasymmetrical. Nasal bones 
in the form of nedules or flattened plates, applied closely 
to the frontals, and not forming any part of the roof to the 
narial passage, which is directed upwards and backwards. 
Olfactory organ rudimentary or absent. Hinder end of the 
maxilla expanded and covering the greater part of the 
orbital plate of the frontal bone. Lacryimal bone either 
inseparable from the jugal, or, when distinct, very large, 
and forming part of the roof of the orbit. Tympanic bone 
not ankylosed with the periotic, which is usually only at- 
tached to the rest of the skull by ligament. Rami of man- 
dible nearly straight, much expanded in height posteriorly, 
with a wide funnel-shaped aperture to the dental canal, 
and coming in contact in front by a flat surface of variable 
length, but always constituting a true symphysis. Several 
of the anterior ribs with well-developed capitular processes, 
which articulate with the bodies of the vertebrae. Ster- 
num almost always composed of several pieces, placed one 
behind the other, with which several pairs of ribs are 
always connected by the intervention of well-developed 
cartilaginous or ossified sternal ribs. External respiratory 
aperture single, the two nostrils uniting before they reach 
the surface, usually in the form of a transverse subcrescentic 
valvular aperture, situated on the top of the head. Manus 
always pentadactylous, though the first and fifth digits are 
usually very little developed. No cecum, except in Plata- 
mista, 

Family PHYSETERID 2. 


No functional teeth in the upper jaw. Mandibular teeth 
various, often much reduced in number. Bones of the 
cranium raised so as to form an elevated prominence or 
crest behind the nares. Pterygoid bones thick, produced 
backwards, meeting in the middle line, and not involuted 
to form the outer wall of the post-palatine air-sinuses, but 
simply hollowed on their outer side. Transverse processes 
of the arches of the dorsal vertebrae, to which the tubercles 
of the ribs are attached, ceasing abruptly near the end of 
the series, and replaced by processes on the body at a much 
lower level, and not on a line, or serially homologous with 


~ them, but serially homologous anteriorly with the heads of 


the ribs, and posteriorly with the transverse processes of 
the lumbar vertebre. (In some genera, as Physeter, the two 
processes, upper and lower on each side, are both present 


and well developed in the same vertebra in the region of 


transition. In others, as Ziphius and Berardius, they are 
not both developed on any single vertebra.) Costal carti- 
lages not ossified. 

Subfamily Physeterinze.—Numerous teeth in the man- 
dible, which are not set in distinct bony alveoli, but in a 
long groove imperfectly divided by partial septa, and held 
in place by the strong, fibrous gum which surrounds them. 
No distinet laerymal bone. Cranium strikingly asymmet- 
rical in the region of the narial apertures, in consequence 


of the left opening greatly exceeding the right in size. 


Physeter.—Upper teeth apparently of uncertain number, 
rudimentary and functionless, being imbedded in the gum, 
Lower jaw with from 20 to 25 teeth on each side, stout, 
conical, recurved, and pointed at the apex until they are 
worn, without enamel. Upper surface of the cranium con- 
cave ; its posterior and lateral edges raised into a very high 
and greatly compressed semicircular crest or wall, Zygo- 


1A mutilated humerus of Zeuglodon cetoides has given rise to 
many conjectures, appearing to some anatomists to indicate Seal- 
like freedom of motion at the elbow-joint, while to others its 
characters appear to be truly Cetacean. 

2 See Trans. Geol. Soc. Lond., ser. ii., vol. vi. p. 67. 
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matic processes of malar bones thick and massive. Rostrum 
greatly elongated, broad at the base and gradually tapering 
to the apex. Upper edge of the mesethmoid forming a 
roughened irregular projection between the narial aper- 
tures, inclining to the left side. Mandible exceedingly 
long and narrow, the symphysis being more than half the 
length of the ramus. Vertebree: C7, D 11, L 8, C 24; total 


Fic. 43.—Skull of Sperm Whale (Physeter macrocephalus). 


50. Atlas free; all the other cervical vertebrae united by 
their bodies and spines into a single mass. Eleventh pair 
of ribs rudimentary. Head about one-third the length of 
the body; very massive, high and truncated, and rather 
compressed in front; owing its huge size and remarkable 
form mainly to the great accumulation of a peculiarly 
modified form of adipose tissue filling the large hollow on 
the upper surface of the cranium and overlying the rostrum. 
The single blowhole is longitudinal, slightly sigmoid, and 
placed at the upper and anterior extremity of the head to 
the left side of the middle line. The opening of the mouth 
is on the under side of the head, considerably behind the 
end of the snout. Pectoral fin short, broad, and truncated. 
Dorsal fin a mere low protuberance. 

There is no certain evidence that more than one species 
of this genus exists. This is the Cachalot or Sperm Whale, 
P. macrocephalus, one of the most colossal of animals, quite 
equalling, if not exceeding, the Greenland Whale in bulk. 
The length of the full-grown male is from 55 to 60 feet, but 
the female is stated not to reach more than half that size. 
It feeds chiefly on cephalopods and fish, and is one of the 
most extensively distributed of Cetaceans, being met with, 
usually in herds or “ schools,” in almost all tropical or sub- 
tropical seas, but not occurring, except accidentally, in the 
polar regions. Those that appear occasionally on the Brit- 
ish coasts are solitary stragglers, usually, if not always,‘old 
males. The oil contained in the great cavity above the 
skull, when refined, yields ‘“‘spermaceti,” and the thick 
covering of blubber which everywhere envelops the body 
produces the valuable “sperm oil” of commerce; hence this 
animal has long been the subject of a regular chase, by 
which its numbers have been greatly diminished. The 
substance called “ambergris,” largely used in perfumery, 
is a concretion formed in the intestine of the Sperm Whale, 
and is found floating on the surface of the seas which they 
inhabit. Its genuineness is attested by the presence of the 
debris of the horny beaks of the cephalopods on which the 
“Whales feed. 

Kogia.—Teeth of the upper jaw absent or reduced to a 
rudimentary pair in front; in lower jaw 9 to 12 on each 
side, rather long, slender, pointed, and curved, with a coat- 
ing of enamel. Upper surface of the cranium concave, with 
thick, raised, posterior and lateral margins, massive and 
roundéd at their anterior terminations above the orbits. 
Upper edge of the mesethmoid forming a prominent sinu- 
ous ridge, constituting a kind of longitudinal septum to the 
base of the great supra-cranial cavity. Rostrum not longer 
than the cranial portion of the skull, broad at the base, and 
rapidly tapering to the apex. Zygomatic process of the 
malar styliform. Mandible with symphysis less than half 
the length of the entire ramus. Vertebree: C7, D 13 or 14, 
Land © 30; total50 or 51. Allthe cervical vertebre united 
by their bodies and arches. External characters not well 
known, but, judging by the somewhat conflicting accounts 
of those that have had an opportunity of observing them, 
the head is about one-sixth of the length of the body, and 
obtusely pointed in front; the mouth small and placed far 
below the apex of the snout; the spiracle crescentic, and 
‘placed obliquely on the top of the head anteriorly te the 
‘eyes, and to the left of the middle line; the pectoral fins 
are obtusely falcate; and there is a triangular,dorsal fin. 

The history of this genus is a good illustration of the 
_ difficulties in which the study of the Cetacea has been in- 
volved by the superficial manner in which it has been 
investigated. The first known example, a skull from the 


Cape of Good Hope in the Paris Museum, was described by 
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Blainville under the name of Physeter breviceps. This was 
afterwards with good reason generically separated by Gray. 
Until within a very few years ago only five other indivi- 
duals had been met with, each of which had been described 
under a different specific name (viz., grayi, macleayi, simus, 
floweri, and potsii), and which are arranged by Gray in two 
distinct genera. The most careful examination of the de- 
scription given of these specimens, or of the now nume- 
rous osteological remains available, fails to detect any dif- 
ferences beyond those which may be attributed to age or 
sex; and hence, according to our present knowledge, these 
six supposed species must all be included under one name, 
KX, breviceps, an animal which appears to attain the length 
of 10 feet when adult, and has been met with at various 
distant localities in the Southern Ocean, and also off the 
coast of Madras and in the North Pacific. 

Subfamily Ziphiinee.—Teeth of the mandible quite ru- 
dimentary and concealed in the gum, except one, or very 
rarely two, pairs which may be largely developed, especially 
in the male sex. A distinct lacrymal bone. Externally 
the mouth is produced into a slen- 
der rostrum or beak, from above 
which the rounded eminence formed 
by a cushion of fat resting on the 
cranium in front of the blowhole 
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edges of maxillee at base of rostrum raised into low rough- 
ened tuberosities. Mesethmoid cartilage densely ossified in 
adult age, and coalescing with the surrounding bones of 
the rostrum. Vertebre: C 7, D 10, L 10, C 22; total 49. 
The three anterior cervical vertebre united, the rest 
free. i 

The type of this genus is Z. cavirostris of Cuvier, founded 
upon an imperfect skull picked up in 1804 on the Mediter- 
ranean coast of France, and described and figured in the 
Ossemens Fossiles under the impression that it was that of 
an extinct species. Many other individuals have, however, 
been subsequently met with in various parts of the world, 
from the Shetland Islands to New Zealand, all referable to 
the same genus if not to the same species; although, as is 
usual in such cases, they have mostly been described under 
different names. Teeth, apparently of allied forms, are 
abundantly found in the Suitolk and Antwerp Crags. 

Mesoplodoni—A much compressed and pointed tooth in 
each ramus of the mandible, variously situated, but gene- 
rally at some distance behind the apex; its point directed 


rises somewhat abruptly. Spiracle or 
blowhole single, erescentic, median, 
as in the Delphinide. Pectoral fin 
sinall, ovate, the five digits all mod- 
erately well developed. A small ob- 
tusely falcate dorsal fin situated con- ‘ 

siderably behind the middle of the back. Longitudinal 
grooves on each side of the skin of the throat, diverging 
posteriorly, and nearly meeting in front. In external char- 
acters and habits the animals of this group closely resemble 
each other. They appear to be almost exclusively feeders on 
various species of cephalopods, and occur either singly, in 
pairs, or in small herds. By their dental and osteological 


characters they are easily separated into four distinct | 


genera, 
Hyperoodon.—A small, conical, pointed tooth at the apex 


of each ramus of the mandible, concealed by the gums dur- | 


ing life. Skull with the upper ends of the premaxille 
rising suddenly behind the nares to the vertex and ex- 
panded laterally, their outer edges curving backwards and 
their anterior surfaces arching forwards and overhanging 
the nares; the right larger than the left. Nasal bones 


lying in the hollow between the upper extremities of the 
premaxille, strongly concave in the middle line and in 


Fic, 44.—Hyperoodon rostratus. From a specimen taken off the 
coast of Scotland, 1882. 


front; their outer edges, especially that of the right, ex- 
panded over the front of the inner border of the maxilla. 
Very high longitudinal crests on the maxille at the base 
of the rostrum, extending backwards almost to the nares, 
approaching each other in the middle line above; some- 
times compressed and sometimes so massive that their 
inner edges come almost in contact. Anteorbital notch 
distinct. Mesethmoid but slightly ossified. Vertebre: C 
7, D9, L 10, C19; total 45. All the cervical vertebree 
united. Upper surface of the head in front of the blow- 
hole very prominent and rounded, rising abruptly from 
above the small, distinet snout. 

Two species are known, H. rostratus, the common Hype- 
roodon or Bottle-nose, and H. latifrons, both inhabitants of 
the North Atlantic, and attaining when adult respectively 
the length of 24 and 30 feet. 

Ziphius.—A single conical tooth of moderate size on each 
side of the mandible close to the anterior extremity, and 
directed forwards and upwards. Skull with the premaxille 
immediately in front and at the sides of the nares ex- 
panded, hollowed, and with elevated lateral margins, the 
posterior ends rising to the vertex and curving forwards, 
the right being considerably more developed than the 
left; the conjoint nasals forming a strongly pronounced 
symmetrical eminence at the top of the cranium, projecting 
forwards over the nares, flat above, most prominent and 
rounded in the middle line in front, and separated by a 
notch on each side from the premaxille, Anteorbital notch 
not distinct. Rostrum (seen from above) triangular, gradu- 
ally tapering from the base to the apex; upper and outer 


Fic. 45.—Mesoplodon bidens, From Reinhardt. 


upwards, and often somewhat backwards, occasionally de- 
veloped to a great size. Skull with the region around the 
nares as in Hyperoodon, except that the nasals are narrow 
and more sunk between the upper ends of the premaxille ; 
| like those of Hyperoodon, they are concave in the middle 
line in front and above. No maxillary tuberosities. Ante- 
orbital notch not very distinct. Rostrum long and narrow. 
Mesethmoid in adult age ossified in its entire length, and 
coalescing with the surrounding bones. Vertebree: C7, D 
10, L. 10 or 11, C19 or 20; total 46 to 48. Two or three an- 
| terior cervicals united, the rest usually free. 

Though varying in form, the mandibular teeth of the 
different members of this genus agree in their essential 
| structure, having a small and pointed enamel-covered 
| crown, composed of true dentine, which, instead of sur- 
mounting a root of the ordinary character, is raised upon 
a solid mass of osteo-dentine, the continuous growth of 
which greatly alters the form 
and general appearance of the 
organ as age advances, as seen most 
strikingly in the case of M. layardi, 
where the long, narrow, flat, strap- 
like teeth, curving inwards at their 
extremities, actually meet over the 
rostrum, and must greatly interfere 
with the movements of thejaw. In one species (M. grayt) a 
row of minute, conical, pointed teeth, like those of ordinary 
Dolphins, 17 to 19 in number, are present even in the adults, 
on each side of the middle part of the upper jaw, but em- 
| bedded by their roots only in the gum, and not in bony al-. 
_veoli. This fact, with the frequent presence of rudimentary 
_ teeth in other species of this and the last genus in both upper 
and lower jaws, suggests the idea that the Ziphioids are de- 
rived from ancestral forms having teeth of normal character 
in both jaws, but whose dentition has become greatly spe- 


Fic, 46.—Skull of Mesoplodon densirostris. 


cialized. The existing species of this genus are widely dis- 
tributed in both northern and southern hemispheres, but 


1 For the very complicated synonymy of this genus, see Trans. 
Zool. Soc., vol. viii. p. 208. 
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most frequent in the latter. 
bidens, M. europeus, M. densirostris, M. layardi, M. grayi, and 
M. hectori; but there is still much to be learned with re- 
gard to their distinctive characters and geographical dis- | 
tribution. They were abundant in the Later Miocene and 
Pliocene age, as attested by the frequency with which the 
most imperishable and easily recognized portion of their 
structure, the long, cylindrical rostrum of the skull, of 
more than ivory denseness, is found among the rolled and 
waterworn fragments of animal remains which compose 
the well-known “ bone-bed ” at the base of the Red Crags 
of Suffolk. Numerous generic distinctions have been 
founded upon slight modifications of the form of these 

‘rostra, such as Choneziphius, Placoziphius, Belemnoziphius, 
etc., but these can only be considered as provisional until 
further knowledge is obtained of the structure of the ani- 
mals to which they belonged. 

Berardius—Two moderate-sized, compressed, pointed 
teeth on each side of the symphysis of the mandible, with 
their apices directed forwards, the anterior being the larger 
of the two and close to the apex. Upper ends of the pre- 
maxilla nearly symmetrical, moderately elevated, very 
slightly expanded, and not curved forward over the nares. 
Nasals broad, massive, and rounded, of nearly equal size, 
forming the vertex of the skull, flattened in front, most 
prominent in the middle line. Anteorbital notch distinct. 
Rostrum long and narrow. Mesethmoid only partially 
ossified. Small rugous eminences of the outer edge of the 
upper surface of the maxille at base of rostrum, Vertebree: 
C7,D 10, L 12,C 19; total 48. The three anterior cervicals 
ankylosed, the rest free and well developed. 

The only known species, B. arnouxi, attains the length of 
30 feet, and has hitherto only been met with in the seas 
around New Zealand. 


Family SQUALODONTID 2. 


Numerous extinct forms chiefly known by teeth and 
fragments of crania, may be provisionally placed here, 
until more of their osteological characters shall be brought 
to light. They differ from all existing Cetaceans in having 
the teeth distinctly differentiated into groups, as in the 
Archeoceti, the posterior molars being two-rooted. The 
cranium, has, however, none of the distinguishing charac- 
teristics of Zeuglodons, but essentially resembles that of 
the Odontoceti, especially in the position of the anterior 
nares and form of the nasal bones. 

The best known are associated in the genus Squalodon. 
Dentition: i $,¢ 4,simple teeth of the molar series pre- 
molars?) 4, two-rooted molars 7 = 32; total 60. The 
double-rooted molars differ from those of Zenglodon in 
having the denticulations of the crown confined to the poste- 
rior border, or at all events much less developed on the front 
edge. Very little is known of the structure of these ani- 
mals, beyond the skull and teeth, fragments of which have 
been found widely distributed throughout the marine 
Miocene and Early Pliocene formations of Europe, especially 
in the Vienna basin, many parts of France, and the Ant- 
werp and Suffolk Crags. They have also been found in 
formations of corresponding age in North America and 
South Australia, 


Family PLATANISTID.®. 


Under this heading may he placed three very singular 
genera, which, though differing considerably from each 
other, have several points in common, and do not altogether 
come under the definition either of the Physeteride or the 
Delphinide, especially in the important character of the 
mode of articulation of the ribs with the dorsal vertebre, 
as the tubercular and capitular articulations, distinct at the 
commencement of the series, gradually blend together, as 
they do in most ordinary mammals. The cervical vertebree 
are all free. The lacrymal bone is not distinct from the 
malar. The jaws are long and narrow, with numerous 

teeth in both. The symphysis of the mandible exceeds 
half the length of the whole ramus. Externally the head 
is divided from the body by a slightly constricted neck. 
Pectoral limbs broad and truncated. Dorsal fin small or 
obsolete. Fluviatile or estuarine. Thereare three distinet 
genera, which might almost be made the types of families, 
but it is probably more convenient to keep them together. 

Platamista.—Teeth about $$ on each side, set near to- 
gether, rather large, cylindrical, and sharp-pointed in the 
young; in old animals acquiring a large laterally com- 
pressed base, which in the posterior part of the series be- 
comes irregularly divided into roots. As the conical enamel- 
covered crown wears away, the teeth of the young and old 
animals have a totally different appearance. The rostrum 


and dentigerous portion of the mandible are so narrow that | 
Maxille. 


_ the teeth of the two sides are almost in contact. 
VoL, XV.—708 
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The best established are M. | snpporting very large, incurved, compressed bony crests, 


which overarch the nares and base of the rostrum, and almost 
meet in the middle line above. Orbits very small and eyes 
rudimentary, without crystalline lens. External respira- 


From Anderson. 


Fic 47.—Platanista gangetica. 


tory aperture longitudinal, linear. Vertebre: C7, D 11, 
L8, C 25; total 51. Asmall ceecum. No pelvic bones. Dorsal 
fin represented by a low ridge. 

One species, P. gangetica, entirely fluviatile, being exten- 
sively distributed throughout nearly the whole of the river 
systems, not only of the Ganges, but of the Brahmaputra 
and Indus, ascending as high as there is water enough to 
swim in, but never passing out to sea. It is quite blind, 
and feeds on small fish and Crustacea, groping for them with 
its long snout in the muddy water at the bottom of the 
rivers. It attains the length of 8 feet. 

Inia.—Teeth variable, from 26 to 33 on each side of each 
jaw; those at the posterior part with a distinct tubercle at 
the inner side of the base of the crown. Vertebree: C7, D 13, 
L3,C18 ; total41. Transverse processes of lumbar vertebrae 
very broad. Sternum short and broad, and consisting of a 
singie segment only. Dorsal fin a mere ridge. The long 
cylindrical rostrum externally furnished with scattered, 
stout, and crisp hairs. One species only is known, J. 
geoffrensis, about 8 feet in length, inhabiting the upper 
Amazon and its tributary streams. 

Pontoporia.—Teeth 50 to 60 on each side of each jaw, with 
a cingulum at the base of the crown. Jaws very long and 
slender. Vertehbre: C7, D10, L5,C19; total 41. Trans- 
verse processes of the lumbar vertebrae extremely broad. 
Sternum elongated, composed of two segments, with four 
sternal ribs attached. Dorsal fin rather small, triangular, 
pointed, External respiratory aperture transverse, eres- 


From Burmeister. 


Tia. 48.—Pontoporia blainvillii. 


centic. The genus connects the last two forms with the 
true Delphinide. The only species, P. blainvillii, is one of 
the smallest of the whole order, not exceeding 5 feet in 
3 It has only been met with at the mouth of the 
Rio de la Plata near Buenos Ayres, and there is at present 
no evidence that it ascends into the fresh waters of the 
river. 


Fanily DELPHINID2A. 


Teeth usually numerous in both jaws. Pterygoid bones 
short, thin, each involuted to form with a process of the 
palate bone the outer wall of the post-palatine air-sinus. 
Symphysis of mandible short, or moderate, never exceeding 
one-third of the length of the ramus. Lacrymal bone not 
distinct from the jugal. Transverse process of the dorsal 
vertebre gradually transferred from the arches to the 
bodies of the vertebre without any sudden break, and be- 
coming posteriorly continuous serially with the transverse 
processes of the lumbar vertebree. Anterior ribs attached 
to the transverse process by the tubercle, and to the body 
of the vertebra by the head; the latter attachment lost in 
the posterior ribs. Sternal ribs firmly ossified. External 
respiratory aperture transverse, crescentic, with the horns 
of the crescent pointing forwards. 

A very large group, closely united in essential characters 
but presenting great modifications in details. The differ- 
ent types are mostly so connected by intermediate or osculant 
forms that there are great difficulties in grouping them 
into natural subfamilies. Even the formation of well- 
defined genera is by no means satisfactory in all cases. 

Monodon.—Besides some irregular rudimentary teeth, the 
entire dentition is reduced to a single pair of teeth which 
lie horizontally in the maxilla, and which in the female 
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remain permanently concealed within the alveolus, so that 
this sex is practically toothless, while in the male (see fig. 
49) the right tooth usually remains similarly concealed 
and abortive and the left is immensely developed, attaining 
a length equal to more than half that of the entire animal, 
projecting horizontally from the 

, head in the form of a cylindrical, 
or slightly tapering, pointed 
tusk, without enamel, and with 
the surface marked by spiral 
grooves and ridges, running in a 
sinistral direction. (When, as 
oveasionally happens, both tusks 
are developed, the spiral grooves 
have thesame direction in each). 
Vertebre: C7, D 11, L 6, C 26; 
total 50. Cervical region com- 
paratively long, and all the ver- 
tebree distinct or with irregular 
unions towards the middle of the 
series, the atlas and axis being 
usually free. Manus small, short, 
and broad; second and third digits 
nearly equal, fourth slightly 
shorter. No dorsal fin. 

One species, M. monoceros, the 
Narwhal or Sea-unicorn, so called 
on account of the remarkable 
single horn-like tusk of the male, 
which often grows to the length 
of 7 or 8 feet. It inhabits the 
Aretic Ocean, where it is toler- 
ably abundant and gregarious, 
feeding on various species of 
cephalopods, small fish, and crus- 
taceans. It is rarely seen south 
of 65° N. lat. 

Delphinapterus.—This genus is 
closely allied to the last in exter- 
nal form, as well as anatomical 
structure, differing only in the 
very different character of the 
dentition. Teeth from $ to 49, oc- 
cupying the anterior three- 
fourths of the rostrum and cor- 
responding portion of the man- 
dible, rather small, conical, and 
pointed when unworn, but usu- 
ally become obliquely truncated, 
separated by intervals consider- 
ably wider than the diameter 
of the tooth, and implanted 
obliquely, the crowns inclining 
forwards especially in the upper 
jaw. Skull rather narrow and 
elongated, depressed. Premaxillee 
convex in front of the nares. Ros- 
trum about equal in length to 
the cranial portion of the skull, 
triangular, broad at the base, 
and gradually contracting to- 
wards the apex, when it is some- 
what curved downwards. Verte- 
bre: C 7, D 11, L 9, C 23; total 50. 
Cervical vertebree free. Manus 
broad, short, and rounded, all the 
digits being tolerably well de- 
veloped, except the first. Ante- 
rior part of head rounded ; no dis- 
tinct snout. No dorsal fin, but a 
low ridge in its place. 

One species, D. leucas (fig. 50), 
the Beluga, or White Whale, so 
called from its pure white color, 
about 12 feet long, abundant in 
the Arctic seas, and extending as 
far south on the American coast 
as the river St. Lawrence, which 
it ascends for a considerable dis- 
tance. On rare occasions it has 
been seen on the coast of Scotland. 

In all the remaining genera of 
Delphinide the cervical region of the vertebral column is 
very short, and the first two, and usually more, of the ver- 
tebre are firmly united. 

Phocena.—Teeth 34 to 32, small, occupying nearly the 
whole length of the rostrum, with compressed, spade-shaped 
crowns, separated from the root by a constricted neck. 
Rostrum rather shorter than the cranium proper, broad at 


Fie. 49.—Upper Surface of 
the Skull of Male Nar- 
whal (Monodon mono 
ceros), with the whole of 
both teeth exposed by re- 
moval of the upper wall 
of their alveolar cavities. 
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into tuberosities in front of the nares. The frontal bones 
forming a somewhat square, elevated protuberance in the 
middle line of the skull behind the nares, rising altogether 
above the flattened nasals. Symphysis of mandible very 
short. Vertebre: C7, D183, L 14, C 30; total 64 (subject 
to slight individual modifications). First to sixth cervical 
vertebrae, and sometimes the seventh also, coalesced. Manus 
of moderate size, oval, slightly faleate; second and third 
digits nearly equal in length; fourth and fifth well de- 
veloped, but shorter. Head short, moderately rounded in 
front of the blowhole. Dorsal fin (in the typical species) 
near the middle of the back, triangular; its height consid- 
erably less than the length of the base; its anterior edge 
frequently furnished with one or more rows of conical - 
horny tubercles. 

The common Porpoise or Porpus, P. communis, is the 
best known of British Cetaceans (see PoRPOISsE). A species 
from Japan, P. melas, closely allied in osteological and den- 
tal characters, but which wants the dorsal fin, constitutes 
the genus Neomeris of Gray. It is entirely black in color, 
and has but 4$ teeth, rather larger proportionally than 
those of P. communis, but of similar form. 

Orcella.—Teeth 4% to +4, small, conical, pointed, rather 
closely set, and occupying nearly the whole length of the 
rostrum, Skullsub-globular, high. Rostrum nearly equal in 
length to the cranial portion of theskull, tapering. Manus of 
moderate size, not elongated, but somewhat pointed. All the 
bones of the digits broader than long, except the proximal 
phalanges of the index and third fingers. Head globular 
in front. Dorsal fin rather small, placed behind the middle 
of the body. Two species, both of small size—O, brevirostris, 
from the Bay of Bengal, and O. fluminalis, from the Irra- 
waddy river, from 300 to 900 miles from the sea. Our 
present knowledge of the anatomy, geographical distribu- 
tion, and habits of these interesting Cetaceans is almost 
entirely due to the researches of Dr. J. Andergon.! 

Orca.—Teeth about +4, occupying nearly the whole length 
of the rostrum, very large and stout, with conical recurved 
crowns, and large roots, expanded laterally and flattened, 
or rather hollowed, on the anterior and posterior surfaces. 
Rostrum about equal in length to the cranial part of 
the skull, broad and flattened above, rounded in front ; 
premaxille broad and rather concave in front of the 
nares, contracted at the middle of the rostrum, and expand- 
ing again towards the apex. Vertebree: C7, D 11-12, L 10, 
C 23; total 51 or 52. Bodies of the’ first and second and 
sometimes the third cervical vertebra united; the rest free. 
Pectoral fin very large, ovate, nearly as broad as long. All 
the phalanges and metacarpals broader than long. General 
form of body robust. Face short and rounded. Dorsal fin 
near the middle of the back, very high and pointed, 

The animals composing this genus are met with in almost 
all seas from Greenland to Tasmania, but the number of 
species is still very uncertain. They are readily known, 
when swimming in the water, by the high, erect, falcate 
dorsal fin, whence their common German name of Schwert- 
fisch (Sword-fish). By English sailors they are generally 
known as “ Grampuses” or “ Killers.” They are distin- 
guished from all their allies by their greatstrength and fero- 
city, being the only Cetaceans which habitually prey on 
warm-blooded animals, for, though fish form part of their 
food, they also attack and devour Seals, and various species 
of their own order, not only the smaller Porpoises and Dol- 
phins, but even full-sized Whales, which last they combine 
in packs to hunt down and destroy, as Wolves do the larger 
Ruminants. ' 

Pseudorca.—Teeth about +8. Cranial and dental charac- 
ters generally like those of Orca, except that the roots of 
the teeth are cylindrical. Vertebre: C 7, D 10, L 9, C 
24; total 50. First to sixth or seventh cervical vertebrae 
united. Bodies of the lumbar vertebre distinguished from 
those of the preceding genera by being more elongated, the 
length being to the width as 3 to 2. Pectoral fin of mod- 
erate size, narrow and pointed. Dorsal fin situated near 
the middle of the back, of moderate size, faleate. Head in 
front of the blowhole high, and compressed anteriorly, the 
snout truncated. 

This genus was first known by the discovery of a skull 
in a subfossil state in a fen in Lincolnshire, named by Pro- 
fessor Owen Phocena crassidens. Animals of apparently the 
same species were afterwards met with in small herds on 
the Danish coast, and fully described by Reinhardt. Others 
subsequently received from Tasmania were supposed at first 
to indicate a different species, but comparison of a larger 
series of specimens from these extremely distant localities 
fails to establish any characteristic difference, and indicates 
an immense range of distribution for a species apparently 


1 Anatomical and Zoological Researches, comprising an Account of 
the Zoological Results of the two Expeditions to Western Yunnan, in 
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Globicephalus.—Teeth 55 


of the rostrum and corresponding part of the mandible, 
small, conical, curved, sharp-pointed when unworn, some- 
times deciduous in old age. Skull broad and depressed. 
Rostrum and cranial portion about equal in length. Upper 
surface of rostrum broad and flat. Premaxille strongly 
concave in front of the nares, as wide at the middle of the 
rostrum as at the base or wider, and very nearly or com- 
pletely concealing the maxille in the anterior half of this 
region. Vertebree: C7, D11, L 12-14, C 28-29; total 58 or 59. 
Bodies of the anterior five or six cervical vertebra united. 
Length of bodies of the lumbar and anterior caudal verte- 
bree about equal to their width. Pectoral limbs very long and 
narrow, the second digit the longest, and haying as many 


, confined tothe anterior half 
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Its length is about 14 feet, and its color entirely | 
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shows a distinct beak or pointed snout, marked off from the 
antenarial adipose elevation by a V-shaped groove. Dor- 
sal fin rather large, triangular or falcate, rarely wanting. 
This isalarge and heterogeneous genus, which probably 
ought to be divided, but, until more is known of the 
structure of many of the species than is at present 
attainable from the scanty materials in our collec- 
tions, it is impossible to frame asystem of subdivision upou 
ascientific basis. It seems preferable therefore, instead of 
introducing new names into zoology for groups founded 
upon trifling differences in the length or width of the ros- 
trum of the skull or the number of the teeth, which may 
or may not be correlated with other more important 
structural modifications, to keep provisionally at least the 
Linnean term Delphinus for what remains of the family, 
after eliminating the well-characterized genera previously 
described. 
The true Dolphins, Bottle-noses, or, as they are more com- 
monly called by seafaring people “ Por- 
poises,” are found in considerable 
abundance in all seas, and some spe- 
cies are habitually inhabitants of large 


rivers, as the Amazon. They are all 


SS 


Fie, 50.—Beluga or White Whale (Delphinapterus leucas), 
From a specimen taken in the river St. Lawrence, 
and exhibited in London, 1877. 

as 12 or 13 phalanges, the third shorter (with 9 phalanges), 
the first, fourth, and fifth very short. Fore part of the head 
very round, in consequence of the great development of a 
cushion of fat, placed on the rostrum of the skull in front 
of the blow-hole. Dorsal fin low and triangular, the length 
of its base considerably exceeding its vertical height. 


The type of this well-marked genus is G. melas, the Pilot | 


Whale, Ca’ing Whale, or Grindhval of the Faroe islanders, 
which attains the length of 20 feet, and is of nearly uniform 
black color, except the middle of the under surface, which 
is lighter. They are extremely gregarious, and, unlike the 
Killers, are mild and ineffensive in disposition, feeding prin- 
cipally on cephalopods. Their eminently sociable character 
constantly leads to their destruction, as when attacked they 
instinctively rush together and blindly follow the leaders 
of the herd. In this way many hundreds at atime are 
frequently driven ashore and killed, when a herd enters 
one of the bays or fiords of the Faroe Islands or north of 
Scotland, Animals of this well-marked genus are found 
in nearly all the seas, and their specific distinctions are not 
yet made out. Specimens from the Australian coasts, where 
they are generally called “ Blackfish,” are quite indistin- 
guishable, either by external or osteological characters, from 
those of the North Atlantic. 

Grampus.—Teeth none in the upper jaw; in the mandible 
few (3 to 7 on each side), and confined to the region of the 


* symphysis. Vertebre : C7, D 12, L 19, C 30; total 68. Gene- 


ral external characters much as in Globicephalus, but the 
fore part of the head less rounded, and the pectoral fin less 
elongated. 

But one species, G. griseus, is certainly known, about 13 
feet long, and remarkable for its great variability of color. 
It has been found, though rarely, in the North Atlantic and 
Mediterranean. A skull from the Cape of Good Hope, 


Fic. 51.—Grampus (Orca gladiator), From Hunter. 


which differs slightly from that of the above, has been de- 
scribed under the name of G. richardsoni. 
Delphinus.—Teeth very numerous in both jaws, more than 


38, occupying nearly the whole length ofthe rostrum, small, 
- close-set, conical, pointed, slightly curved. Rostrum more 


or less elongated, and pointed in front, usually considerably 
longer than the cranial portion of the skull. Vertebre: 
C7, D 12-14, Land C variable ; total 51 t090, Pectoral fin 
of moderate size, narrow, pointed, somewhat falcate. First 
digit rudimentary, the second longest, third nearly equal, 
fourth and fifth extremely short. Externally the head 


among the smaller members of the 
order, none exceeding 10 feet in length. 
Their food is chiefly fish, for the 
capture of which their long, narrow beaks, armed with 
numerous sharp-pointed teeth, are well adapted, but some 
| appear also to devour crustaceans and molluscs. They are 

mostly gregarious, and the agility and grace of their move- 
| ments in the water are the constant themes of admiration to 
| the spectators of the scene when a “school of Porpoises”’ is 
| observed playing round the bows of a vessel at sea. The 
| type of the genus is the common Dolphin of the Mediterra- 
| nean (D. delphis, fig. 52), also found in the Atlantic, and of 
which a closely allied if not identical form is met with in 
the Australian seas (D. forsteri) and in the North Pacific (D. 
bairdii). The Tursio (D. tursio) is another British species of 
larger size and heavier build, with larger and less numerous 
teeth; thisand several allied forms probably constitutea natu- 


Fie 52.—Common Dolphin (Delphinus delphis), From Reinhardt. 


ral subgroup. The White-beaked and White-sided Dolphins 
(D. albirostris and leucopleurus of the North Atlantic, and sey- 
eral others from the South and Pacific Seas, with compara- 
tively broad and short rostrum to the skull and very numer- 
ous (80 to 90) vertebrae, constitute the genus Lagenorhynchus 
of Gray. Others, with long narrow rostrum, are associated 
under the name of Steno, one of which from the Chinese 
seas (D. sinensis) has but 51 vertebrae. This last is of a pure 
milk-white color, but most of the species are variegateb 
with glossy black, various shades of gray, and white, the 
latter chiefly on the under parts of the body. One species 
(D. peronii) from the South Seas is remarkable for the ab- 
sence of dorsal fin. It constitutes the genus Leucorhamphus 
of Lilljeborg and Delphinapterus of other authors; this last 
name, however, was originally bestowed on the Beluga, and 
should be retained for it. 


Bibliography of Cetacea.—D. ¥. Eseli- 
richt, Untersuchungen tiber die Nordischen 
Wallthiere, 1849, contains a copious 


bibliography of the group up to the 
date of publication. Since that time 
numerous 


1: ee He oe on special 
families and genera have been pub- 
lished, and a large illustrated general 
work, Ostéographie des Cétacés, by P. J 
Van Beneden and P, Gervais, 1868-79. 
See also J. F. Brandt, ‘‘ Untersuchun- 
gen iiber die Fossilen und Subfossilen Cetaceen Europu’s,” in 
Mém. de U Acad. Imp. de St. Pélersbourg, 7th ser. t. xx., 1873; and 
C. M. Secammon, Marine Maminals of the N. W. Coast of North 
America, 1874. 


OrpER INSECTIVORA. 


Terrestrial, rarely arboreal or natatorial, diphyodont,' 
heterodont, placental mammals of small size, with 
plantigrade or semiplantigrade, generally pentadac- 
tyle, unguiculate feet; with clavicles (except in Pota- 
mogale) ; with more than two incisors in the mandible, 
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and with enamel-coated molars having tuberculated 
crowns and well-developed roots. The body is clothed 
with fur, or proteeted iby an arprature of spines; the 
testes are inguinal or placed near the kidneys, and are 
not received into a scrotum, the penis is pendent or 
suspended from the wall of the abdomen; the uterus 
is two-horned and with or without a distinet corpus 
uteri, the placenta discoidal and deciduate; and the 
smooth cerebral hemispheres do not extend backwards 
over the cerebellum, 

Representatives of this order are found throughout 
the temperate and tropical parts of both hemispheres 
(except South America and Australia), and exhibit 
much variety both in organization and in habit, The 
greater number are cursorial, but some (Zalpa, Chryso- 
chloris, Oryzorictes) are fossorial, some ig. pall bs 
Nectogale, Myogale) natatorial, and some (Tuparidee) 
arboreal, while the species of one genus ( Claleop/ithecus) 
elide through the air like lying Squrrels; to the great 
majority, however, the term insectivorous is applicable, 
the aberrant Claleopithecus being alone phytophagous 
also, while Potumogale is said to feed on fish, and the 
different species of Moles live chiefly on worms. Not- 
withstanding the homogeneous nature of their food, 
much variety prevails in the form and number of their 
teeth, as will be seen when we come to consider the 
classification of the species. In many the division into 
incisors, Canines, premolars, and molars may be readily 
traced, but-in others, forming the great majority of the 
species, such as the Shrews, this is accomplished with 
difficulty. The dentition of the /nsectivora may, how- 
ever, be considered typical, since from it may be de- 
rived, by modification, that of any known species. of 
diphyodont placental Mammalia, This typical denti- 
tion is especially noticeable in the genus Gymnura, 
where the dental formula is—/ 4, ¢ }, pm 4, m #3 total 
44 teeth, So also in their general organization, these 
animals appear to have departed so little from what 
must have been the original mammalian type that, 
were it not for the apparently advanced character of 
their placentation, they might easily be considered the 
arent modified descendants of the ancestors of all 
other orders of diphyodont placental mammals. ‘Their 
study, therefore, affords the best introduction to that 
of this division especially. 

In most Jnsectivora the cranial cavity is of small 
relative size, and in none is the brain case elevated to 
any considerable extent above the face-line. The facial 
part of the skull is generally much produced, and the 
premaxillary and nasal bones well developed. — ‘The 
zygomatic arch is usually slender or deficient, the latter 
being the case in most of the species, and post-orbital 
processes of the frontals are found only in Galeopithe- 
cide, Tupadide, and Macroseelidie. The number 
of dorsal vertebraa varies from 13 in Tupiuia 
to 19 in Centetes, of lumbar from 3 in Chrysochloris 
to 6 in Tulpa and Sorex, and of caudal from the 
rudimentary vertebrae of Centetes to the 40 or more 
well-developed ones of Microgale. Not less variable 
are the characters of the vertebra; the spinous pro- 
cesses may be very long in one species and short in 
another, though belonging to the same genus; in the 
Soricide and in Myogale the neural arches of the 
cervical vertebrae are very slender; in Norietdcee. also 
and in Gymnuwra the four anterior vertebrae develop 
large single hypapophyses, and in Glaleopithecus the 
body of each supports posteriorly a pair of hypapo- 
physial tubercles. In Hivnaceus, Myogale and Pabpa 
small oval ossicles are found on the inferior surfaces 
of the lumbar interspaces. In Lrinaceus, owing to 
the thickness of the cord in the cervical region and its 
abrupt termination, the diameter of the neural canal 
in the cervical and first two dorsal vertebra greatly 
exceeds that of any of the succeeding vertebra. The 
sternum is variable, but generally narrow, bilobate in 
front, and divided into segments. ‘The shoulder-girdle 
presents remarkable adaptive modifications, most ex- 
pressed in 7ulpa (see MoE), having relation to the 
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use of the fore limbs in burrowing; in the Golden 
Moles ( Chrysochloris), however ie: infra), the fore- 
arm and manus alone become specially modified. In 
Galeopithecus and Macroscelides the forearm bones are 
distally united; in all other known Jnsectivora the 
radius and ulna are distinct. The manus has generally 
five digits, but in Rhynchocyon and in one species of 
Oryzorictes the pollex is wanting. In the true Moles 
(see MOL®) it is extremely modified. The femur has, 
in most species, a prominent ridge below the greater 
trochanter presenting the characters of athird trochan- 
ter, In Caleopithecus, Tupaia, Centetes, Henvcentetes, 
Mriculus, and Solenodon the tibia and fibula are dis- 
tinct, in all other genera more or less united together. 
The pes consists usually of five digits (rarely four by 
reduction of the hallux), and in some, as in the leap- 
ing species (Macroscelides, Iehynchoeyon), the tarsal 
bones are greatly elongated. 1 2 form of the pelvis, 
and especially that of the symphysis pubis, varies 
within certain limits, which have been proposed by 
Leche as a basis for the classification of the families. 
Thus in Galeopithecidee, Tupatidee, and Macroscelidce 
there isa long symphysis, asin Rodents; in Mrinaceide, 
Centetide, and Potamogalide: it is short; and in Sori- 
cide, Lalpide, and Chrysochloride there is none. 

Space teas not admit of even attempting a sketeh 
of the interesting modifications of the muscular sys- 
tem, which will be found fully described in the present 
writer's Monograph, referred to in the bibliography. 
As to the nervous system, it may be noticed that the 
brain throughout the species presents a low type of 
organization; in none do the cerebral hemispheres 
present any trace of convolutions, nor do they extend 
backwards so as to cover the cerebellum ; the olfactory 
lobes are large and project in front; and the corpus 
callosum is short and thin. In the Hedgehogs (rina- 
ceus) the spinal column ends abruptly opposite the 
third or fourth dorsal vertebra in a slender filament ; 
the dorsal and lumbar nerves, given off in front of this 
point, are carried backwards in two compressed bundles 
occupying the suddenly narrowed spinal canal as far as 
the sacrum. 

Owing to the similarity in the character of the food, 
the truly insectivorous species, forming more than 
nine-tenths of the order, present little variety in the 
structure of the digestive organs. Jixcept in Glaleopi- 
theeus (vide infra) the stomach is a simple, thin-walled 
sac; in some, as in Centeles and allied genera, the ° 
pyloric and cesophageal openings are very close to- 
gether; the intestinal canal has much the same calibre 
throughowt, and varies from three (in the Shrews) to 
twelve times (in the Hedgehogs) the length of the 
head and body. In the arboreal genera, Glaleopithecus | 
and Vupaia, and in the allied Macroscelidee, all of which 
rdbabls feed on vegetable substances as well, most of 
the species possess a ceecum. The liver is deeply di- 
vided into tnoeee the right and left lateral being cut off 
by deep fissures; both the caudate and Spigelian lobes 
are generally well developed, and the gall-bladder, 
usually large and globular, is placed on the middle of 
the posterior surface of the right central lobe. 

Tn most of the species (Soricidee, Oentetide, Ohry- 
sochlovide) the penis is capable of being more or less 
completely retracted within the fold of integument 
surrounding the anus ; in some (Galeopithecide, Tal- 
pide) itis pendent infront of the anus, while in others 
(Macroscelidee, Prinaceidce, Solenodontide) it is carried 
forwards and suspended from the abdominal wall. In 
Centetine. and Chrysochloris the testes lie immediately 
behind the kidneys, in others more or less within the 
pelvis. During the rut they become greatly enlarged, 
forming protrusions in the inguinalregion, Except in 
Rhynchocyon the uterine cornua are long and open into 
a short corpus uteri, which in many species ( Soricida. 
Tulpida, Centetidee, Chrysochloridi) 18 not separated 
from the vagina by a distinct og uteri. With the ex- 
ception of Glaleopithecus all Insectivora appear to be 
multiparous, the number of foetuses varying from two to 
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eight in Hrinaceus, and from twelve to twenty-one in 
Centetes. The position of the mammary glands and 
the number of the teats vary greatly. In Galeopithe- 
cus there are two pairs of axillary teats, in Solenodon 
a single pair post-inguinal, but in most species they 
range from the thorax to the abdomen, varying from 
two pairs in Gymiura to twelve in Centetes. In Chry- 
sochloris the thoracic and inguinal teats are lodged in 
deep cup-shaped depressions. 

Odoriferous glands exist in many species. In most 
Shrews they occur on the sides of the body at a short 
distance behind the axilla, and their exudation is prob- 
ably protective, as few carnivorous animals at eat 
their dead bodies. In both species of Gymnura and 
in Potamogale larze pouches are situated on either side 
of the rectum, and discharge their secretions by ducts, 
opening in the first-named genusin front of and in the 
latter within the margin of the anus. In Centetes 
racemose glands similarly situated discharge by pores 
opening at the bottom of deep pits placed at either side 
of the anus. 

The integument is thin, but in many species lined 
with well-developed muscles, which are probably more 
developed in the Hedgehogs (Hrinaceidw) than in any 
other mammal; in this family and in Centetide most 
of the species are protected by spines implanted in the 
panniculus carnosus, and more or less replacing the fur 
of the upper surface of the body. 


The Insectivora are divisible into two very distinct sub- 
orders, of which the first includes a single genus only. 


SuporDER I. Dermoptera. 


Upper and lower incisors compressed, multicuspidate, the 
lower deeply pectinate ; anterior and posterior limbs con- 
nected by a broad integumentary expansion forming a par- 
achute. Family I. Galcopithecide. 


SuBORDER II. Insectivora Vera. 


Upper and lower incisors conical, unicuspidate or with 
basal cusps only, the lower not pectinate ; limbs free, formed 
for terrestrial progression. 

I. Upper true molars broad, multicuspidate, with more or 
well-defined W-shaped crowns. 

A. Svmphysis pubis long; intestinal canal generally 
with a cwcum; cerebral cavity comparatively 
large. 

a, Orbital ring encircled by bone; metatarsus 
moderate; arboreal. Family IL. Tupaiide. 

b. Orbital ring not encircled by bone; metatarsus 
greatly elongated; terrestrial. Family III. 
Macroscelide. 

B: Symphysis pubis short or none; intestinal canal 
without cecum; cerebral cavity small; skull 
without post-orbital processes. 

a. First and second upper molars with a central 
fifth cusp. 
a. Tympanics annular, 
Family IV. Erinaceide. 
b. No central fifth cusp; crowns of the upper mo- 
lars W-shaped. 
a’. Tympanics annular, not forming bulle ; no 
zygomatic arches. Family V. Soricide. 
b’. Tympanies forming bulle; zygomatic arches 
developed. Family VI. Yalpide. 
II. Upper true molars narrow, with V-shaped crowns. 
a’, Tympanics annular, not forming bulle; zygo- 
i matic arches imperfect. 
a'', No eclavicles. Family VII. Potamogalidx. 
b!’, Clavicles well developed. 
a’, Skull constricted between the orbits ; 
penis suspended. Family VIII. 
Solenodontide. 
6’. Skull not constricted ; penis pendent, 
retractible. Family IX. Centetidex. 
b’. Tympanices forming bulle; zygomatic arches 
well developed. Family X. Chry- 
sochloridex. 


not forming bulle. 


Family GALEOPITHECIDS. 


The characters of the family are those of the suborder 

_ Dermoptera, to which may be added that the orbit is nearly 
surrounded by bone, the zygomatic arches are well devel- 
oped, the tympanics form bulla ossew, the ulna is distally 
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united with the radius, the tibia and fibula are distinct, 
the pubic symphysis is long, the penis is pendent, the testes 
are received into inguinal pouches, the mamme are axil- 
lary, the uterus is two-horned, and there is a large cecum. 

Galeopithecus (i 3, ¢ +, pm 3, m%; second upper incisors and 
canines with two roots), with two species—G. volans and G. 
philippinensis. The former, the Flying Lemur of Linnzus, 
distinguished from the latter by the form of the upper in- 
cisors, has a total length of nearly 2 feet. The long and 
slender limbs are connected by a broad integumentary ex- 
pansion extending outwards from the sidesof the neck and 


Fie. 53.—Feet of Galeopithecus philippinensis. 


body, and forming also a web between the fingers and toes 
as far as the base of the claws (fig. 53); the hind limbs are 
further connected by a similar expansion passing outwards 
along the back of the feet to the base of the claws, and, in- 
wardly, involving the long tail to the tip, forming a true 
interfemoral membrane, as in the Bats. 

The species of this family live in the forests of the Malay 
Peninsula, Sumatra, Borneo, and the Philippine Islands, 
where they feed chiefly on the leaves of trees, and probably 
also on insects. Their habits are nocturnal, and during 
the daytime they cling to the trunks or limbs of trees head 
downwards in astateof repose. With the approach ofnight 
their season of activity commences, when they may be oc- 
casionally seen gliding from tree to tree supported on their 
cutaneous parachute, and they have been noticed as capa- 
ble of traversing in this way a space of 70 yards with a 
descent of only about one in five. 

Galeopithecus was referred by some of the older zoologists 
and anatomists to the Bats, and by others (and even in 
lately published works) to the Lemurs, but Professor Pe- 
ters’s view (in which most subsequent writers agree) that 
it belongs to neither of these orders, and must be consid- 
ered an aberrant Insectivore, appears to be undoubtedly 
the correct one. Besides differing from the Bats altogether 
in the form of the anterior limbs and of the double-rooted 
outer incisors and canines, it also contrasts strongly with 
them in the presence of a large sacculated cecum, and in 
the great length of the colon, which is so remarkably short 
in all the Chiroptera. From the Lemurs, ou the other hand, 
the form of the brain, the character of the teeth, the strue- 
ture of the skull, and the deciduate discoidal placenta at 
ouce separate it. 


Family TUPAMDZ. 


Arboreal Insectivora, with comparatively large brain-case, 
orbits encircled with bone, and well-developed zygomatic 
arches. The malar bone is perforated; the tympanies 
form bulle; the pubic symphysis is long; the tibia and 
fibula are distinct, the metatarsus but little longer than the 
tarsus ; the molars are broad, with W-shaped cusps ; and the 
intestinal canal has generally a short caecum. 

The animals included in this family are all arboreal, re- 
sembling Squirrels closely both in habits and in external 
form; they are divided into two genera having the same 
dental formula (4 %, ¢ +, pm 4, m %,) but distinguished by the 
form of the skull. Jwupaia, with nine species, is found in 
India, Burmah, the Malay Peninsula, Nicobars, Sumatra, 
Java, and Borneo. The species closely resemble one an- 
other, differing chiefly in size and in the color and length 
of the fur. Nearly all have long bushy tails, which still 
further increase their resemblance to Squirrels. Their food 
consists of insects and fruit, which they usually seek for in 
the trees, but also occasionally on the ground. When 
feeding they often sit on their haunches, holding the food, 
after the manner of Squirrels, between their fore paws. 
Ptilocercus includes a single very interesting species, Pt. lowtt, 
inhabiting Borneo, remarkable for its long tail, two-thirds 
naked, having the terminal third furnished with a double 
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fringe of long hairs. Its habits are probably similar to 
those of the Tupaias, of which it may be further noticed that 
they alone among Jnsectivora are day-feeders, 


Fic, 54.—Pentail (Ptiocercus lowti). 4. 
Soc., 1848. 


From Gray, Proc. Zool, 


Family MACROSCELIDA. 


Terrestrial Insectivora, with comparatively large brain- 
case, well-developed zygomatic arches, and tympanic bulle ; 
but the orbits are not encircled by bone, the malar is imper- 
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generalized type of dentition, in this respect occupying an 
almost central position in the order. 


F 1G, 55,—Macroscelides (Petrodromus) tetradactylus, X 2 
Peters, Reise nach Mossambique. 

Subfamily II, Brinacinee.—Caudal vertebree rudimen- 

tary ; palate bones with defects of ossification ; pelvis wide; 

fur with spines. 


From 


Evrinaceus, i 4, ¢ +, pm 4%, m %, includes nineteen species 
(familiarly known as Hedgehogs) distributed throughout 
Europe, Africa, and the greater part of Asia, but they have 
not been found in Madagascar, Ceylon, Burmah, Siam, the 


forate, and there are generally no post-orbital processes. The 
pubic symphysis is long, the tibia and fibula united high 
up, the metatarsus much longer than the tarsus, the molars 
broad and quadricuspidate, and the intestinal canal has a 
large cecum. 

These leaping Insectivores are easily distinguished by 
the great length of their metatarsal bones, All the species 
are African and are divisible into two genera :— 

a. 4 4,c+, pm 3,m or $; forearm bones united below, 
Macroscelides. 

b. i 4 (or ¥), c+, pm %, m 4%; forearm bones separate. 
Rhynchocyon. 

Macroscelides includes ten species widely distributed 
throughout the African continent. Allare closely related, 
resembling one another in general forms, and even in the 
color of the fur. They fall into two groups distinguished 
by the presence or absence of a small lower fourth molar. 
M. tetradactylus (fig. 55), type of the subgenus Petrodromus, 
differs from all in the absence of the hallux. Of Rhynchocyon 
four closely allied species have been described, all from East 
Africa. 


Family ERINACEID &. 


Terrestrial Insectivora, with a small brain-case, without 
post-orbital processes, with slender (rarely imperfect) zygo- 
matic arches, with a short pubic symphysis, and with the 
tibia and fibula united above. Thetympanics are annular, 
not forming bulle ; the intestine has no cxecum; the penis 
is carried forwards, and suspended from the wall of the ab- 
domen ; and the upper true molars have each four principal 
cusps and a small central fifth cusp very characteristic of 
the family. 

Subfamily I. Gymnurinee —Caudal vertebra numerous; 
palate bones completely ossified ; pelvis very narrow; fur 
without spines. 

Gymnura, % 3, ¢ +, pm +, m 3, with two species, G. rafflesia 
and G. swilla, from the Malay Peninsula and Indian Archi- 
pelago. The former has the appearance of a large Rat with 
a long head and projecting mobile snout; the latter, much 
smaller, with a short tail and small third upper premolar, 
has long been known under the name of Hylomys suillus, 
and classed with the Tupatide. Both species present a very 


Malay Peninsula and Archipelago, or Australia. All the 
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Fra. 56.—Facial parts of Skulls of (A) Erinaceus europzus and (B) 
FE. grayi, much enlarged. Dobson, Proc, Zool. Soc., 1881. 


species resemble one another closely in the armature of 
spines which invests the upper surface and side of the 
body ; and all possess the power of rolling themselves up 
into the form of a ball protected on all sides by strong 
spines, the dorsal integument being brought downwards 
and inwards over the head and tail, so as to include the 
limbs also, by the action of special muscles (for description 
see Monograph of the Insectivora referred to in the bibliogra- 
phy). The common Hedgehog (Z. ewropzus) is the most 
aberrant species, differing from all the rest in the peculiar- 
ly shaped and single-rooted third incisors and first upper 
premolars (fig. 56, A), and in its very coarse harsh fur. The 
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dentition of the long-eared North Indian form, JZ. grayi 
(fig. 56, B), may be considered characteristic of all the other 
species, the only important differences being found in the 
yariable size and position of the second upper premolar, 
which is very small, external, and deciduous in the Indian 
species 1. micropus and pictus. The former species, limited 
to South India, is further distinguished by the absence of 
the malar bone. Of African species, 2. diadematus, with long 
frontal spines, is probably the commonest, and FE. albwwentris, 
has been made the type of a separate genus on account of 
the total absence of the hallux. 


Family Sortcrpm. 


Terrestrial, rarely natatorial, Insectivora, with narrow 
elongated skulls, without post-orbital processes or zygo- 
matic arches. The tympanics are annular, not forming 
bulle; there is no symphysis pubis; the intestine has no 
excum ; the tibia and fibula are united; and the molars 
have well developed W-shaped cusps. 

The dentition is very characteristic of the family; in all 
the upper front incisors are large, with a more or less 
prominent posterior ba- 
sal cusp, and between 
these and the last pre- 
molar intervene a va- 
riable number of small 
incisors and premolars, 
among which the small 
canine can be distin- 
guished only by its po- 
sition immediately be- 
hind the premaxillary 
suture. The number 
of teeth in the mandi- 
ble is always twelve, f 
and the single pair ! 
of incisors are much t 
extended horizontally 
forwards, the canine is 
the smallest tooth, and 
the single premolar is 
not much larger (see fig. 57). 

The Shrews thus form a very compact family, which 
includes considerably more than half the known species 
of Insectivora, and of which the geographical distribution 
is coextensive with that of the order. They have been 
divided into several genera (so-called) and subgenera, de- 
pending chiefly on the number of the upper incisors and 
premolars, and on the color of the teeth. The best ar- 
rangement appears to be that proposed by M. Alph. Milne- 
Edwards, as follows :— 

A. Terrestrial; feet without a border composed of stiff 
hairs. 


Fic. 57.—Skull and Dentition of Sorex 


verepacis. Alston, Proc. Zool. Soc. 
1877. 


( f a’’, Tail very short, 
| concealed. 
a’, 26 teeth. 1. Anowrosorex. 
a. Teeth white. { bo’. Tail moderately 
long. 
l 2. Diplomesodon. 
b’. 28-30 teeth. 3. Crocidura. 
6. Teeth more or ( a’. Tailshort; earssmall. 4, Blarina, 
less brown b’. Tail and ears moderately long. 
or red. 5. Sorex. 


B. Amphibious; feet with a border of stiff hairs. 

. a’. 32 teeth; hairs of tail equal. 6. 
Neosorex. 

b’. 30 teeth; tail fringed along mid- 
dle edge. 7. Crossopus. 

b. Feet webbed. 8. Nectogale. 


Anourosorex includes A. squamipes, a Mole-like species,with 
very short ears and tail, from Tibet. Diplomesodon, with 
one species, D. pulchellus, from the Kirghiz steppes, though 
agreeing in the number of teeth, is Shrew-like in exter- 
nal form. Crocidwra, 28-30 teeth, with about seventy spe- 
cies divided into four subgenera, comprises the greater 
number of white-toothed Old-World Shrews, having around 
tail thinly clothed with a few hairs of unequal length. @. 
aranea and C. suaveolens of the continent of Europe, and (@. 
indicus, the Musk-rat of India, are well-known examples. 
Sorex, the typical genus (see SHREW), also divided into four 
subgenera, with Blarina, includes all the species with brown 
teeth and angular.uniformly hairy tail. Neosorex includes 
the New-World and Crossopus (see SarEw) the Old-World 
amphibious species, having a fringe of stiff hairs along the 
sides of the feet, and Nectogale a very remarkable species 


a. Feet not [ 
webbed. 


_ from Tibet, N. elegans (fig. 58), distinguished from all other 


Shrews by the webbed condition of the toes, and the pres- 
ence of adhesive cushions on the under surface of the feet, 
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which enable the animal to hold on to smooth stones at the 
bottom of rushing torrents. 


Family TALPID&. 


Fossorial, rarelynatatorial, Insectivora, distinguished from 
the Soricide by the presence of zygomatic arches and tym- 
panic bulle ossee, and by the form of the teeth. The eyes are 
very small, in some species covered with skin; the ears are 
short and concealed by the fur; the fore limbs are generally 
more or less modified for digging; there is no symphysis 
pubis; the intestine has nocescum; the tibia and fibula are 
united ; and the unicuspidate upper and lower front incisors 
are not extended horizontally forwards. 

This family, though thus easily distinguished, is, never- 
theless, evidently closely related to the Shrews, with which 
such intermediate forms as those included in the genera Uro- 
trichus and Uropsilus connect it. In striking contrast with the 
Shrews, however, the distribution of the Moles is limited to 
the temperate regions of Europe, Asia, and North America, 


Fie. 58.—Nectogale elegans. A. Milne-Edwards, Mammif. Tibet. 


Subfamily I. Myogalinee. —Clavicles and humeri mode- 
rately elongated ; manus without os falciforme. 


Fia. 59.—Myogale moschata, X4 


Myogale. 


4. 7%, ¢4, pm4, m3; feet webbed; natatorial, 
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b. 12, c4, pm 4, m¥; feet narrow; terrestrial. Uropsilus. 

c. 14, c 4, pm # or ¢, m$; feet wide; fossorial. Urotrichus. 

Myogale includes two very remarkable species, M. moschata, 
and M. pyrenaica, The former is by far the largest species 
of the family, its total length being about 16 inches. Its 
long proboscis-like snout projects far beyond the margin of 
the upper lip; the toes are webbed as far as the bases of the 
claws ; and the long scaly tail is laterally flattened, forming 
a powerful instrument of propulsion whenswimming. This 
species inhabits the banks of streams and lakes in south- 
east Russia, where its food consists of various aquatie in- 
sects. M. pyrenaica, living in a similar manner in the re- 
gion of the Pyrences, is very much smaller, has a round 
tail, and a proportionally longer snout. Urotrichus, with 
pm 4, and Netrotrichus (subg.), with pm 2, are represented 
by two small Mole-like species, externally resembling one 
another closely, from Japan and North America respec- 
tively. Of Uropsilus, U. soricipes, from the borders of Tibet, 
is a very interesting species, having the external form of a 
Shrew but the skull of a Mole. 

Subfamily II. Talpinze (True Moles).—Clavicles and 
humeri very short and broad; manus with a large os 
falciforme. 

A. Front upper incisors much larger than the second pair 
(New-World Moles). 
a.+3,c}, pm %, m 3; extremity of nose simple. Scalops. 
b. i 3,¢4, pm 4, m4; extremity of nose simple. Seapanus. 
c. 14, c}, pm 4, m4; extremity of nose with appendages. 
Condylura. 
B. Front upper incisors scarcely larger than the second 
pair \Old-World Moles). 
d. 1 3,¢4, pm 4, m #; manus as in Urotrichus. Scaptonyx. 
e. 1% or 3, ¢4, pm 4, m3; manus very broad. Talpa. 

Scaptonyx, with a single species, S. fusicaudatus, from west 
China, connects Urotrichus with the true Moles. Talpa in- 
cludes seven species, of which the Common Mole is a familiar 
example. See MOLE. 


Family POTAMOGALIDE. 


Insectivora with a small brain-case, without post-orbital 
processes or zygomatic arches, and with annular tympanics 
not forming bullew. There are no clavicles; the pubic bones 
are connected by a ligament, and there is no true symphy- 
sis; the intestine has no cecum; the tibia and fibula are 
united low down; and the upper true molars have broadly 
V-shaped cusps presenting characters intermediate between 
those of the preceding and succeeding families. 


Fic. 60:—Potamogale velox. X }. 


Allman, Trans. Zool. Soe,. vi., pl. i. 


Potamogale, i 4, ¢ 4, pm 4, m 4%, with P. velox. This most 
interesting species inhabits the banks of streams in west 
equatorial Africa, and its whole structure indicates an 
aquatic life. It is nearly two feet in length, the tail measur- 
ing about half. The long cylindrical body is continued 
uninterruptedly into the thick laterally compressed tail, 
the legs are very short, and the toes are not webbed, pro- 
gression through the water evidently depending wholly on 
the action of the powerful tail, while the limbs are folded 
inwards and backwards. The muzzle is broad and flat, and 
the nostrils are protected by valves. The fur is dark brown 
above, the extremities of the hairs on the back being of a 
metullic violet hue by reflected light, beneath whitish. 

Geogale, 4 3, ¢ , pm 3, m 3, with G. aurita, a small Mouse- 
pelik secies from Madagascar, agrees closely with Potamogale 
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in the general form of the skull and teeth; the tibia and 
fibula are distinct, but it is not known whether a clavicle 
exists or not, and the material at present available is in- 
suflicient to definitely fix the natural position of the species, 


Family SOLENODONTIDZ. 


Insectivora with a small brain-case constricted between 
the orbits, and without post-orbital processes or zygomatic 
arches. The penis is carried forwards and suspended from 
the abdomen; the testes are received into, perineal pouches ; 
the mammary glands are post-inguinal; the uterine cornua 
end in cecal sacs; the intestine has no cecum; the tym-~ 
panics are annular; the upper true molars haye V-shaped 
crowns; the symphysis pubis is short; and the tibia and 
fibula are distinct. 7 

Solenodon i 3, ¢ 4, pm 4, m 4, with S. paradoxus and S. cuba- 
nus, from Hayti and Cuba respectively, alone represents the 
family. These species, which differ chiefly in the color 
and quality of the fur, have each a remarkably long eylin- 
drical snout, a long naked tail, feet formed for running, 
and the body clothed with long, coarse fur. 

The position of the mamme quite behind on the buttocks 
is unique among Jnsectiwora. The upper front incisors are 
much enlarged, and with the other incisors, canines, and 
premolars closely resemble those of Myogale; the second 
lower incisors are, as in Potamogale, much larger than the 


Fia. 61.—Solenodon cubanus. 4. Peters, Abh. Akad. Bert. 
anterior pair, and are deeply hollowed out internally. 
While thus apparently showing relationship with the Tal- - 
pide, the form of the crowns of the molar teeth connects 
them with the next family. 


Family CENTETIDE. 


Insectivora with a small cylindrical brain-case not con- 
stricted between the orbits, and without post-orbital pro- 
cesses or zygomatic arches. The penis is pendent and re- 
tractible within the fold of the integument surrounding 
the anus; the testes are abdominal; the mammary glands 
are thoracic and ventral; the uterine cornua are termina- 
ted by the Fallopian tubes; the intestine has no caecum ; 
the tympanics are annular; the molars have V-shaped 
crowns; the pubic symphysis is short, and the tibia and 
fibula separate or united. All the known species are limi- 
ted to Madagascar. 

Subfamily I. Centetinee.—Tibia and fibula distinct ; 
testes near kidneys; fur with spines. : ; 

Centetes, i 3 or %, ¢4, pm 4, m 4 or $. The single species, 
C. ecaudatus, the well-known tailless Ground-Hog of Mada- 
gascar, attains a total length of from 12 to 16 inches, and is 
the largest known Insectivore. The adult males have ex- 
ceedingly long canines, the extremities of the lower pair 
being received into pits in front of the upper canines. It 
is probably the most prolific of all mammals; as many as 
twenty-one young are said to have been brought forth at a 
birth. The young have strong white spines arranged. in 
longitudinal lines along the back, but these are lost in the 
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adult animal, which is provided only with a nuchal crest 
of long rigid hairs. Hemicentetes, i %, with H. semispinosus 
and H. nigriceps, is distinguished by the persistence of the 
third upper incisor, and by the form of the skull. Thetwo 
species are very much smaller than C. ecaudatus, and the 
dorsal spines are retained in the adult state. Hriculus, i $, 


has £. setosus, a remarkable Hedgehog-like species having 


Fic, 62.—Skull of Cer 


the whole upper surface and even the short tail densely 
covered with close-set spines. The facial bones are much 
shorter than in any of the preceding genera, and the upper 
front incisors are elongated as in Frinaceus. Judging from 
the slight development of the cutaneous muscles compared 
with those of the true Hedgehogs, it is probable that com- 
eo involution. as in the latter animals, does not take 
place. 


utetes ecaudatus (reduced), 


i, waded” 


2. 


Fie. 63.—Skull of Hemicentetes semispinosus. 
Proc. Zool. Soc., 1871. 


Subfamily II. Oryzorictinze.—Tibia and fibula united ; 
testes near urethra; fur without spines. 

Microgale, i 3, ¢ 4, pm 4, m #, includes M. longicaudata and 
M. cowani, small Mouse-like species, the former with a tail 
double the length of the head and body; teeth like those 
of C. ecaudatus, but, owing to the comparatively much 
shorter muzzle, not separated by wide spaces, and the last 
premolar and molars with internal basal processes. Oryzo- 
rictes contains O. hova and O. tetradactylus, the latter distin- 
guished by the presence of four digits only in the manus, 
the three inner having long laterally compressed fossorial 
claws. The general form of the head and body of the two 
species known is that of a Mole. They burrow in the rice- 
fields, and do much damage to the crops. 


Mivart, 


Family CarysocHLORID®. 


Fossorial Insectivora, with conical skulls not constricted 


are 


Fic. 64.—Chr'ysochloris obtusirostris (reduced), 
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between the orbits, with well-developed zygomatic arches 
and tympanic bulle., but without post-orbital processes. 
The eyes are covered by. the hairy integument, the ears 
short and concealed by the fur; the internal generative 
organs and the crowns of the upper molar teeth are as in 
Centetine ; the mammary teats are thoracic and inguinal, 
and placed in cup-shaped depressions; there is no pubic 
symphysis; and the tibia and fibula are united. 

This family is evidently closely allied to Centetidx, occu- 
pying the same relative position with respect to that family 
that Talpide does to Soricide. All the species are fossorial, 
and restricted to south Africa. In all the forearm and 
manus are similarly modified for digging, but in a manner 
very different from that observable in Julpide (see MOLRF). 

Chrysochloris, i 3, ¢4, pm #, m % or 3, embraces seven or 
eight species. Those with m 3, with a basal talon to the 
lower grinders, and without a prominence in the temporal 
fossa, have been placed in a separate genus Calcochloris by 
Professor Mivart. Nearly all the species have the fur of 
the upper surface of a brilliant metallic lustre, varying 
from golden bronze to green and violet of different shades. 


Fosstu INSECTIVORA. 


Of fossil Insectivora no undoubted traces have been found 
in deposits earlier than the Eocene. Amphidozotherium, allied 
to Urotrichus, and Neogymnurus and Protalpa, with relation- 
ships to Gymnura and Tulpa respectively, have been described 
from the lacustrine Kocene beds of Quercy. Several genera 
with insectivorous affinities have been characterized by Cope 
and Marsh from remains found in the Eocene of Wyoming, 
but these have been relegated to distinct suborders of anew 
order Bunodonta, of which Insectivora is considered a 
suborder only. The Miocene deposits of the south 
of France and Germany have yielded fossil forms 
of Erinaceide (Amphechinus, Galerix, Tetracus), of 
Soricidee (Sorex, Mysaurachne, Plesiosorex), and of 
Talpide (Dimylus, Galeospalax, Geotrypus, Hyporissus, 
Myogale). Of the latter family Galeospalax has been 
characterized from the Pliocene of Norfolk; and 
remains of the common Hedgehog, and of some of 
the existing species of Sorex, have been found in 
various post-Tertiary deposits. 

Bibliography of Insectivora.—Peters, Reise nach Mossambique— 
Stiugeth., 1852; Id., “Ueber die Classification der Insectivora,” 
Monatsh, Akad, Wissensch. Berlin, 1865, and other papers; Mivart, 
“On the Osteology of the Insectivora,” Jour. Anat. and Phys., 
1867, 1868, and Proe. Zool. Soc., 1871; Gill, “Synopsis of Insectiv- 
orous Mammals,” Bull. Geol. and Geog. Survey, U.S.A., Washington, 
1875 (includes a general bibliography of the order Jnsectivora) ; 
Dobson, Monograph of the Insectivora, Systematic and Anatomical, 
London, 1882. 


OrpveR CHIROPTERA. 


Volant mammals, having their fore limbs specially 
modified for flight. The forearm consists of a rudi- 
mentary ulna, a long curved radius, and a carpus of 
six bones supporting a thumb and four greatly elon- 
gated fingers, between which, the sides of the body, 
and the hinder extremities a thin expansion of the in- 
tegument (the wing-membrane) is spread out. The 
knee is directed backwards, owing to the rotation of 
the hind limb outwards by the wing-membrane; a 
peculiar elongated cartilaginous process (the caleaneum 
or calear), rarely rudimentary or absent, arising from 
the inner side of the ankle-joint, is directed inwards, 
and supports part of the posterior margin of an acces- 
sory membrane of flight, extending from the tail or 
posterior extremity of the body to the hinder limbs 
(the inter-femoral membrane). The penis is pendent ; 
the testes abdominal or inguinal; the mammary glands 
thoracic and generally post-axillary ; the uterus simple 
or with more or less long cornua; the placenta dis- 
coidal and deciduate; and the smooth cerebral hemi- 
spheres do not extend backwards over the cerebellum. 
The dental series consists of four kinds of teeth—in- 
cisors, canines, premolars, and molars; and the dental 
formula never exceeds 7 %, c ¢, pm %, m8; total 38 
teeth. 

The animals comprised in this order are at once dis- 
tinguished by the presence of true wings, and this 

eculiarity is accompanied by other modifications of 
fodils structure having special relation to aerial loco- 
motion. Thus, in direct contrast to all other mam- 
mals, in which locomotion is chiefly effected by action 
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from behind, and the hind limbs consequently greatly 
preponderate in size over the fore, in the Chiroptera 
the fore limbs, being the only agents in propelling the 
body forward during flight, immensely exceed the 
short and weak hinder extremities ; the thorax, giving 
origin to the great muscles which sustain flight, an 
containing the proportionately (compared with other 
mammals) very large lungs and heart, is remarkably 
capacious, and the ribs are flattened and close to- 
gether; the shoulder-girdle is also greatly developed 
in comparison with the weak pelvic bones. 

Linneeus included the bats among the Primates, 
mainly on account of the number of their upper inci- 
sors, Supposed to be always four, the thoracic position 
of the mamme, and the pendent condition of the 
penis. Many other zoologists, taking into considera- 
tion also the placental characters and the form of the 
uterus, have followed him; but it is evident that the 
situation of the mammz is related to the necessarily 
central position of the young during flight, the short- 
ness of the uterine cornua, observable in so many 
species, to the generally uniparous gestation requiring 
Jess room, while the discoid deciduate placenta is 
equally present in and characteristic of the /nsectivora, 
many species of which have also the penis pendent. 
Then, all these reasons for maintaining the Bats in 


Fic. 65.—Skeleton and Volar Membranes of the 


ads dy 
carpal bones; ph, first phalanx ; ph? secon 


ém, the interfemoral membrane; pcl, post-calcaneal lobe. 


such an exalted position being disposed of, we find in 
the low organization of their brain another proof’ of 
their inferior position in the zoological scale, while 
furthermore, although they differ widely from all other 
mammals in external form, it is evident that this is 
but the result of special adaptation to aerial locomo- 
tion; and, taking into account their whole bodily 
structure, we are forced to admit with Professor Hux- 
ley that they may be regarded as exceedingly modified 
Insectivora. 

So thoroughly, however, has this adaptation been 
carried out that of all animals the Bats are the least 
terrestrial, not one of them being equally well fitted, as 
most Birds and Insects are, for progression on the 
earth. This is due to the hind ag well as the fore 
limbs being pressed into the service of aerial locomo- 
tion. The hind limb is so rotated outwards by the 
wing-membrane that, contrary to what obtains in all 
other vertebrates, the knee is directed backwards, and 
corresponds in position to its serial homologue the 
elbow. When placed on the ground, therefore, the 
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) Noctule Bat (Vesperugo noctula). X 4. 
clavicle; h, humerus; 7, radius; u, ulna (rudimentary); d!, first digit or pollex; 
other digits of the manus SnpOrES um, the wing-membrane; m, m, meta- 

) ale phalaux; ph*, third phalanx; am, antebrachial 
membrane; f, femur; ¢, tibia; fb, fibula (rudimentary) ; c, caleaneum or calcar supporting 
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animal rests on all fours, having the knees directed 
upwards like a grasshopper’s, while, in order to bring 
the foot into position for forward progression, it is 
rotated forwards and inwards, on the ankle. Walking 
under these circumstances is at best only a species of 
shuffle, and that this is fully recognized by the animal 
is evidenced by its great anxiety to take to the wing, ~ 
or, if this be impracticable, to ascend to some point 
where it can high itself up by the claws of the hind- 
legs in its usual position when at rest. 

The bones entering into the formation of the skeleton | 
in Chiroptera are characterized by their slenderness, 
and by the great size of the medullary canals in those 
of the extremities. The vertebral column is short, and 
the vertebree differ very slightly in number and form ~ 
throughout the species. The general number of the 
dorso-lumbar vertebree is 17, whereof 12 are dorsal; the 
cervical vertebrae are very broad, but short from before 
backwards (their breadth is due to the great transverse 
diameter of the spinal canal rendered necessary by the 
comparatively very large size of the spinal cord in this 
position, which, after giving off the nervous supply to 
the fore limbs and thorax, rapidly diminishes in size, 
and in the lumbo-sacral region is reduced to a fine 
thread). Except in the great frugivorous Bats (Ptero- 
podide), the vertebree, from the third cervical back- 
wards, are devoid of spinous 
processes, a characteristic fea- 
ture in the general osteology 
of the order. From the first 
thoracic to the last lumbar ver- 
tebra the spinal column forms 
asingle curve backwards, which 
is most pronounced in the lum- 
bar region. ‘The bodies of the 
vertebrze are very slightly moy- 
able upon each other, and in 
old individuals appear to be- 
come partially ankylosed _ to- 
gether. The caudal vertebra 
are simple cylindrical bones 
without processes; their num- 
’ ber and length is extremely 
variable even in closely allied 
species; and the anterior ver- 
tebree are generally united to 
the ischial tuberosities. The 
development of these vertebrae, 
in fact, is intimately correlated 
to the habits of the animals, 
the long tail in the inseetivorous 
species supporting and control- 
ling the position of the large, 
interfemoral membrane which 
appears not only to aid their 
rapid doubling motions when 
in pursuit of their insect prey 
| by acting as a rudder on the air, but also to assist them 
| in the capture and retention of the larger insects; in the 
| frugivorous species, on the other hand, this igs not re- 
quired, and the tail is accordingly rudimentary or 
absent. In all Bats the presternum has a promi- 
nent keel for the attachment of the great pectoral 
muscles. In most species the ribs are much flattened, 
and in some partially ankylosed by their contiguous 
margins. 

Great as is the variability of the shape of the skull 
in Jnsectivora, it is still greater in Chiroptera, and evi- 
dently depends upon the much wider differences in the 
nature of the food of different species requiring corre- 
sponding modifications of the manducatory apparatus, 
so that extreme modifications may be found in species 
of the same family, as in the case of the Phyllostomide. 
In some genera, however, as in Miniopterus, Furia, 
Mormops (vide infra), the peculiar shape of the skull 
cannot thus be accounted for. As in the /nsectivora, 
post-orbital processes are developed in some species 
only, as in the Pteropodide and in a few Nycteridce 
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and Lmballonuride ; in Pteropus leucopterus alone 
does a process from the zygomatic arch meet the post- 
orbital so as to complete the orbital ring. Zygomatic 
arches, though slender, are present in all except some 
of the species of Phyllostomide. 

. The milk teeth differ from those of all other mam- 
mals in that they in no respect resemble in form those 
of the permanent series. ‘They are very slender, with 
acutely pointed recurved cusps, and are soon shed, but 
often coexist for a short time with the permanent teeth 
when the latter are considerably elevated above the 
gum. In the family Rhinolophidw the milk teeth are 
absorbed before birth. The permanent teeth exhibit 
great variety in form, sometimes even in the same 
family, as in Phyllostomidw, whilst in other families, 
as in Iehinolophidw, the resemblance between the 
dentition of species otherwise differing in many im- 
portant respects is most remarkable. In all, however, 
they are provided with well-developed roots, and their 
crowns are acutely tuberculate, with more or less well- 
defined W-shaped cusps, in the insectivorous species, 
asin Jnsectivora, or variously hollowed out or longi- 
tudinally grooved in the frugivorous, as in some species 
of Phyllostomide and in the Pteropodide. 

As might be expected, the shoulder-girdle varies very 
slightly, having the same office to fulfil in all species. 
The clavicle is very long, strong, and curved; the scap- 
ule large, oval, triangular, with a long curved coracoid 
process. ‘The humerus, though long, is scarcely two- 
thirds the length of the radius; the ulna is rudimentary ; 
its proximal extremity, which articulates with but a 
small part of the humerus, is ankylosed with the radius; 
Raaeiiately beyond the joint it is reduced to a very 
slender splint-like bone, which extends about as far as 
the middle of the radius. In all species a detached 
sesamoid bone exists in the tendon of the triceps mus- 
cle, and is generally found in skeletons. The radius 
is very long, in some species as long as the head and 
body. The proximal row of the carpus consists of a 
single bone (the united seaphoid, lunar, and cuneiform 
bones), which, with the extremity of the radius, forms 
the radio-carpal joint ; in the distal row the trapezium, 
trapezoid, andos magnum vary much in size in the 
different families; the unciform appears to be the 
most constant, and the pisiform is generally very 
small. It will be necessary to again reter to this sub- 
ject when dealing with the diagnostic characters of the 
suborders. 

The manus is, in all the species, composed of five 
digits. The first, fourth, and fifth consist each of a 
metacarpal bone and two osseous phalanges; in the 
second and third the number of phalanges is different 
in certain families. The first digit—the pollex—always 
terminates in a claw, which, with the proximal pha- 
lanx, is most developed in the frugiyorous species. In 
most of the species of the frugivorous [teropodi- 
de the second digit is also provided with a claw, but 
in all other Bats this and the remaining digits are un- 
‘armed. Inthe genus 7’ricenops alone a very peculiar 
short bony process projects from the outer side of the 

roximal extremity of the terminal phalanx of the 

ourth digit. he relative development of the digits 
and their phalanges will be specially treated of under 
each family. 

As might be expected from the small size of the 
posterior limbs, the pelvic girdle is very weak. The 
iliac bones are long and narrow. In most species the 
pubic bones of opposite sides are very loosely united 
in front in males; in females they are widely separa- 
ted; in the family PAinolophide alone do these bones 
form a symphysis. The eminentia ileo-pectinea de- 
velops in all species a long pectineal process, which in 
the subfamily Phyllorhiniuce alone is continued for- 
wards to the anterior extremity of the ilium (vide in- 
fra, p. 417), forming a preacetabular foramen, which 
is unique among mammals. The acetabulum is small 
and directed outwards, and slightly upwards, and with 
this is related the peculiar position of the hind limb 
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described above as one of the chief characteristics of 
the order. The femur is slender and cylindrical, with 
a small head and a very short neck, and scarcely differs 
in form throughout the species. ‘The bones of the leg 
and foot are more variable; in the subfamily Molos- 
since alone is there a well-developed fibula; in all other 
species this bone is either very slender or cartilaginous 
and ligamentous in its upper third, or reduced to a 
small bony process above the heel, as in Megaderma, or 
altogether absent, as in Nycteris. 

The foot consists of a very short tarsus, and of slen- 
der, laterally compressed toes, with much curved claws. 
The first digit is composed of a metacarpal bone, a 
proximal and an ungual phalanx, and is slightly shorter 
than the other four toes, which have each an addi- 
tional phalanx, except in the subfamily Phyllorhinince 
and in the anomalous genera Thyroptera and Myxo- 
poda, where all the toes have the same number of 
phalanges as the first digit, and are equal to it in 
length. In the very remarkable genus Chetromeles 
the first digit is thumb-like and separated from the 
others; and in the Molossi the first and fifth digits 
are much thicker than the intermediate toes. 

The muscular system, as might be expected, exhibits 
few striking differences throughout the species. The 
most noticeable peculiarities in the myology of the order 
consist in the separated bands or slips into which the 
platysma is divided, and in the remarkable muscle 
termed occipito pollicalis, which extends from the oc- 
cipital bone to the base of the terminal phalanx of the 
pollex (see Macalister, ‘‘ Myology of the Chiroptera,” 
Phil. Trans. Roy. Soc., 1872). 

Although, as above mentioned, the brain presents a 
low type of organization, yet probably no animals pos- 
sess so delicate sense of touch as the Chiroptera. It 
is undoubtedly this perceptive power which enabled 
the individuals deprived of sight, hearing, and smell, 
in Spallanzani’s well-known experiments, to avoid the 
numerous threads hung across the rooms in which 
they were permitted to fly about. In the common 
Bats the tactile organs evidently exist, not only in the 
delicate vibrissae which spring from the sides of the 
muzzle, but also in the highly sensitive and widely 
extended integumentary structures entering into the 
formation of the wing-membranes and ear-conchs, 
while in many other species, notably in the tropical 
Rhinolophine and Phyllostomine Bats, peculiar foli- 
aceous cutaneous expansions surrounding the nasal 
apertures* or extending backwards behind them are 
superadded (vide infra). These structures, collectively 
known as the ‘‘ nose-leaf’’ (whence the term ‘‘leaf- 
nosed Bats’’), have been shown by the present writer 
(who has traced their gradual development in different 
species) to be made up partly of the extended and 
chiekaned marginal integument of the nostrils, and 
partly of the highly differentiated glandular emi- 
nences occupying the sides of the muzzle, in which, in 
all the common Bats, the vibrissxe are implanted. 

In all species of leaf-nosed Bats, and especially in 
the Rhinolophide, in which the nasal appendages 
reach their highest development, the superior maxil- 
lary division of the fifth nerve is of remarkably large 
calibre. The nasal branch of this nerve, which is 
given off immediately beyond the infra-orbital fora- 
men, is by far the largest portion, the palpebral and 
labial branches consisting of a few slender nerve fibres 
only. This branch passes forwards and upwards on 
the sides of the superior maxillary bone, but soon 
spreads out into numerous filaments which pass into 
the muscles and integument above, and into the base 
of the nose-leaf. The nerve supply of the nose- 
leaf is further considerably augmented by the large 
nasal branch of the ophthalmic division of the fifth 
nerve. 

While the many foliations, elevations, and depres- 
sions which vary the form of the nose-leaf also greatly 
increase the sensory surface so abundantly supplied by 
the fifth nerve, and in rapid flight intensify the vibra- 
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tions conveyed to it, the great number of sweat and 
oil glands which enter into its structure perform an 
important function, analagous to-that of the glands of 
the auditory canal in relation to the membrana tym- 
pani, in maintaining its surface in a highly sensitive 
condition. 

The nasal appendages of Chiroptera, then, may be 
regarded as performing the office of an organ of a 
very exalted sense of touch standing in the same rela- 
tion to the nasal branches of the sensory divisions of 
the fifth nerve as the aural apparatus to the auditory 
nerve; fur, as the latter organ collects aud transmits 
the waves of sound, so the former receives impressions 
arising from vibrations communicated to the air by ap- 
approaching objects. 

In no order of mammals is the ear-conch so greatly 
developed or so variable in form ; in most of the insec- 
tivorous species the ears are longer than the head, 
while in some, as in the common Long-eared Bat (Ple- 
cotus auritus), their length nearly equals that of the 
head and body. The form of the conch is very char- 


acteristic in each of the families; in most the tragus | 


is remarkably large, in some extending nearly to the 
outer margin of the conch ; its office appears to be to 
cause undulations in the waves of sound, and so inten- 
sify and prolongthem. It is worthy of notice that in 
the only family of insectivorous Bats wanting the tra- 
gus, the Rhinolophide, the auditory bullee osseze reach 


their greatest size, and the highly sensitive nasal ap- | 


pendages their highest development ; also in the group 
Molossi the ear-conch ; 

is divided by a promi- 
nent keel; and the an- 
titragus is remarkably 
large in those species 
in which the tragus is 
minute (see fig. 66, «). 
In the _ frugivorous 
Bats, as might be ex- 
pected, the form of |S 
the ear-conch is very \ 
simple, and but slight- 
ly variable throughout 
the species. 

Tn all bats the ears 
are extremely mobile, 
each moving indepen- 
dently at the will of the 
animal. This has been 
observed by the writer 
even in the frugivorous Pteropodida, in which the 
peculiar vibratory movements noticed by Mr. Osburn 
in Artibeus perspicillatus may also be seen when the 
animals are alarmed, 

The opening of the mouth is anterior in most spe- 
cies, but in many it is inferior, the extremity of the 
nose being more or less produced beyond the lower lip, 
so much so indeed in the small South-American species 
Rynchonycteris naso as to resemble that of the Shrews. 
The lips exhibit the greatest variety in form, which 
will be specially referred to under each family. The 
absence of a fringe of hairs is very characteristic of all 
fruit-eating bats, and probably always distinguishes 
them from the insectivorous species, which they may 
resemble in the form of their teeth and in other 
respects. 

The oesophagus is narrow in all species, and espe- 
cially so in the sanguivorous Desmodontes. The stom- 
ach presents two principal types of structure, which 
correspond respectively to the two great divisions of 
the order, the Megachiroptera and the Microchiro- 
tera; in the former (with the exception of Harpyia) 
the pyloric extremity is more or less elongated and 
folded upon itself, in the latter it is simple, as in Jnsec- 
tivora vera; a third exceptional type is met with in 
the sanguivorous Desmodontes, where the left or car- 
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Fic. 66.—Head of Molossus glauci- 
nus. Dobson, Proce. Zool. Soc., 
1876. a, antitragus; b, keel of the 
ear-conch; ¢, notch behind anti- 
tragus. 


diac extremity is greatly elongated, forming a long | 


narrow czecum-like appendage. The intestine is com- 
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paratively short, varying from one anda half to four 
times the length of the head and body, being longest 
in the frugivorous, shortest in the insectivorous spe- 
cies. In Rhinopoma microphyllum and Megaderma 
spasma only has a very small czecum been found. 

The liver is characterized by the great size of the 
left lateral lobe, which occasionally equals half the 
size of the whole organ; the right and left lateral fis- 
sures are usually very deep ; in Megachiroptera (Har- 
pyia excepted) the S oieduce lobe is ill-defined or ab- 
sent, and the caudate is generally very large, but in 
Microchiroptera, on the other hand, the Spigelian 
lobe is very large, while the caudate is small, in most 
species forming a ridge only. The gall-bladder is 
generally well developed and attached to the right 
central lobe, except in Rhinolophidce, where it is con- 
nected with the left central. 

In most species the hyoid bones are simple, consist- 
ing of a chain of slender, elongated, cylindrical bones 
connecting the small basi-hyoid with the cranium, 
while the pharynx is short, the larynx shallow with 
feebly developed vocal cords, and guarded by a short 
acutely-pointed epiglottis, which in some genera ( Har- 
pyia, Vampyrus, e. g.) isalmost obsolete. In the Hpo- 
mophori, however, we find aremarkable departure from 
the general type; the pharynx is long and very capa- 
cious, the aperture of the larynx far removed from the 
fauces, and, opposite to it, a canal, leading from the 
narial chambers, and extending along the back of the 
pharynx, opens; the laryngeal cavity is spacious, and 
its walls are ossified; the hyoid bone is quite uncon- 


Fia. 67.—Head and neck of Epomophorus franqueti (adult male, 


natural size). Dobson, Proc. Zool. Soc., 1881. The anterior 
(a.ph.s) and posterior (p.ph.s) pharyngeal sacs are opened from 
without, the dotted lines indicating the points where they 
communicate with the pharynx; s, thin membranous septum 
in middle line between the anterior pharyngeal sacs of oppo- 
site sides; s.m, sternomastoid muscle separating the anterior 
from the posterior sac. 


nected, except by muscle, with the cranium; the 
cerato-hyals and epi-hyals are cartilaginous and greatly 
expanded, entering into the formation of the walls of 
the pharynx, and, in the males of three species at least, 
supporting the orifices of alarge pair of aif-sacs com- 
municating with the pharynx (see fig. 67). 

In extent, peculiar modifications, and sensitiveness, 
the cutaneous system reaches its highest development 
in this order. As a sensory organ its chief modifica- 
tions in connection with the external ear, and with the 
nasal and labial appendages, have been described when 
referring to the nervous system. It remains therefore 
to consider its relative development as part of the or- 
gans of flight. 
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The extent and shape of the volar membranes de- 
pend mainly on the form of the bones of the anterior 
extremities, and on the presence or absence of the tail. 
Certain modifications of these membranes, however, 
are met with, which evidently do not depend on the 
skeleton, but are related to the habits of the animals, 
and to the manner in which the wing is folded in re- 

ose. 

‘ The volar membranes consist of —(1) the ‘‘ante- 
brachial membrane,’’ which extends from the point of 
the shoulder along the humerus and more or less of 
the forearm to the base of the thumb, the metacarpal 
bone of which is partially or wholly included in it; (2) 
the ‘‘ wing-membrane,’’ which is spread out between 
the greatly elongated fingers, and extends along the 
sides of the body to the posterior extremities, gener- 
ally reaching to the feet; and (3) the ‘‘interfemoral 
membrane ”’ the most variable of all, which is sup- 
ported between the extremity of the body, the legs, 
and the caleanea (see fig. 65). 

The antebrachial and wing membranes are most 
developed in those species which are fitted only for 
aerial locomotion, and which when at rest hang with 
the body enveloped in the wings; but in the family 
Emballonuride, especially in the subfamily Molossine 
(the species of which are, of all Bats, the best fitted 
for terrestrial progression), the antebrachial mem- 
brane is reduced to the smallest size, and is 
not developed along the forearm, leaving also the 
thumb quite free, and the wing-membrane is very 
narrow and folded in repose com pletely under the fore- 
arm. ‘The relative development of the interfemoral 
membrane has been referred to above in describing the 
caudal yertebree. Its small size in the frugivorous and 
sanguivorous species, which do not require it, to which 
indeed its 
impeding their 


‘ 


motions when 
searching for 
food as they 


hang suspended 
by their feet, is 


easily — under- 
stood, Odor- 
iferous glands 
and pouches 


] Fia, 68.—Frontal Sac and Nose Leaf in Male 
oes ape f pe and Female of Phyllorhina larvata. Dobson, 
surface of the proc, Zool. Soc., 1873. 
outer skin are 


developed in many species, but in most cases more so 
in males than in females, and so constitute very re- 
markable secondary sexual characters. They will be 
referred to when treating of the peculiarities of certain 
species. (See also the writer’s paper ‘‘On Secondary 
Sexual Characters in Chiroptera,” Proc. Zool. Soe. 
Lond., 1873, pp. 241-252.) 

Space does not admit of entering here upona special 
description of the respiratory, circulatory, digestive, 
urinary, and generative organs, which will be found 
fully treated of in the works noted in the bibliography 
of the order below, and therefore with the above short 
account of the general structure of the species we pro- 
ceed to consider their classification and geographical 
distribution. 

The Chiroptera fall naturally into two subdivisions, which 
may be called suborders. 


SuporpyER Il. MEGACHIROPTERA. 


Frugivorous Bats, generally of large size, haying the 
crowns of the molar teeth smooth, marked with a longi- 
tudinal groove; with the bony palate continued behind the 
Jast molar narrowing slowly backwards; with three pha- 
langes in the index finger, the third phalanx terminated 
generally by a claw; with the sides of the ear-conch form- 
ing acomplete ring at the base; with the tail, when present, 
inferior to (not contained in) the interfemoral membrane; 
with the pyloric extremity of the stomach generally much 
elongated; and with the Spigelian lobe of the liver ill- 
defined or absent, while the caudate is well developed. 


resence would be actually injurious as | 
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Frugivorous; limited to the tropical and subtropical parts 
of the Eastern Hemisphere. 


Family PTEROPODIDA, 


The characters of the single family are those of the sub- 
order, 

Epomophorus, 7 % (or 4), ¢ 4, pm %, m 4; tail very short or 
none, when present quite free from the interfemoral mem- 
brane; second finger with a claw; premaxillary bones 
united in front. The six species include some of the most 
remarkable forms of fruit-eating Bats. They are strictly 
limited to the African continent south of the Sahara, and 
are readily distinguished by their remarkably large and 
long head and very expansible, often peculiarly folded, lips, 
and by the invariable white tuft of hair which adorns the 
margins of the ears; most of the species also are provided 
with peculiar glandular pouches, situated in the integument 
of the side of the neck near the point of the shoulder. 
These pouches are rudimentary or quite absent in females, 
thus presenting an interesting secondary sexual character. 
In the males they are lined with a glandular membrane, 
from which long coarse yellowish hairs arise, and, project- 
ing from the mouth of the pouches, form conspicuous 
epaulet-like tufts on the shoulders, hence the generic name. 
Another and even still more remarkable secondary sexual 
character has been recently discovered by the writer in the 
males of LE. franqueti, comptus, pusillus, and moustrosus. This 
consists in the presence of a pair of large air-sacs extending 
outwards on each side from the pharynx beneath the in- 
tegument of the neck, in the position shown in fig. 67. 
These sacs are evidently capable of being greatly distended 
at the will of the animal, and their inflation probably occurs 
under the same circumstances that the wattles of male gal- 
linaceous birds swell up, namely, when engaged in courting 
the females. Other remarkable conditions in which these 
Bats appear to differ from all other species, as in the pecu- 
liar structure of the hyoid bones and larynx, may be found 
described in detail in the writer’s paper in the Proceedings 
of the Zoological Society for June, 1881. These Bats appear 
to live principally on figs, the juicy contentsof which their 
voluminous lips and capacious mouths enable them to swal- 
low without loss. 

Pteropus, 1 %,¢+, pm 4, m 4%, with forty-one species, in- 
cludes more than half the Pteropodide. All are of large 
size, and the absence of a tail, the long pointed muzzle, and 
the woolly fur 


covering the 
neck render 
their recogni- 


tion easy. They 
are the “ Flying 
Foxes”? of Eu- 
ropeans in In- 
dia, and one of 
the species, Pt. 
edulis, inhabit- 
ing Java, mea- 
sures five feet 
across the fully 
> extended wings, 
and is the larg- 
est known spe- 
cies of the or- 
der. The species 
resemble one an- 
other closely in dentition, and are mainly distinguished 
by the form of the cars and quality of the fur. Pt. scapulatus, 
from northeast Australia, approaches the species of the 
second section of the family, the Mucroglossi, in the remark- 
able narrowness of its molars and premolars. 

The geographical range of the genus is very peculiar, 
extending from Madagascar and its islands through the 
Seychelles to India, Ceylon, Burmah, the Malay Archipel- 
ago, southern Japan, New Guinea, Australia, and Polyne- 
sia (except the Sandwich Islands, Ellice’s Group, Gilbert’s 
Group, Tokelau, and the Low Archipelago). Of the islands 
inhabited some are yery small and remote from any conti- 
nent, such as Savage Island in the South Pacific, and Rod- 
riguez in the Indian Ocean. Although two species inhabit 
the Comoro Islands, which are scarcely 200 miles from the 
African coast, not a single species is found in Africa; yet in 
India, separated by thousands of miles of almost unbroken 
ocean, a species exceedingly closely allied to the common 
Madagascar “Flying Fox” is abundant. The Malay 
Archipelago and Australia are their headquarters, and 
in some places they occur in countless multitudes. Mr. 
Macgillivray remarks of Pt. conspicillatus :—‘ On the wooded 
slope of a hill on Fitzroy Island I one day fell in with this 
Bat in prodigious numbers, looking while flying in the 


\ 


Fria. 69.—Head of Pteropus personatus, Gray, 
Proc. Zool. Soc., 1866. 
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bright sunshine (so unusual for a nocturnal animal) like a 
large flock of rooks. On close approach a strong musty 
odor became apparent, and a loud incessant chattering was 
heard. Many of the branches were bending under their 
load of Bats, some in a state of inactivity, suspended by 
their hind claws, others scrambling along among the boughs, 
and taking to wing when disturbed.” Cynonycteris, denti- 
tion as in Pteropus, but with a short tail, and the fur of 
the back of the neck not differing from that of the back, 
with nine species, extends into Africa, but has not been 
recorded from Australia or Polynesia; otherwise its distri- 
bution accords with that of Pleropus. C. egyptiaca inhab- 
its the chambers of the Great Pyramid and other deserted 
buildings in Egypt, and is probably the species so generally 
figured in Egyptian frescos. Boneia, with one species, B. 
bidens, from Borneo, differs from Cynonycteris in having two 
upper incisors only. 

Cynopterus, i % or %, ¢ 4, pm 4, m %, muzzle shorter and 
grooved like Pteropus in front, tail and fur as in Cynonycteris, 
with seven species, is almost limited to the Oriental region. 
C. marginatus is very common in India, and extremely de- 
structive to ripe fruit of every description. To a specimen 
of this Bat obtained by the writer at Calcutta uninjured 
was given aripe banana, which, with the skin removed, 
weighed exactly 2 ounces. The animal immediately, as if 
famished with hunger, fell upon the fruit, seizing it be- 
tween the thumbs and the index fingers, and took large 
mouthfuls out of it, opening the mouth to the fullest extent 
with extreme voracity. In the space of three hours the 
whole fruit 
was consumed. 
Next morning 
the bat was 


killed, and 
found to 
weigh one 


ounce, half the 
weight of the 
food eaten in 
three hours. 
Indeed the an- 
imal when eat- 
ing seemed to 
be a kind of 
living mill,the 
food passing from it almost as fast as devoured, and appa- 
rently unaltered, eating being, as it were, performed only 
for the pleasure of eating. 

Harpyia, i 4, ¢4, pm 4, m 3, premaxillary bones well devel- 
oped and united in front, facial bones much elevated above 
the margin of the jaw, nostrils tubular, body and limbs as 
in Cynopterus, includes two species of very remarkable phys- 
iognomy (as may be seen from fig. 70), limited to the Aus- 
tro-Malayan subregion. 


Dobson, 


Fie. 70.—Head of Harpyia major. 
Proc. Zool, Soc., 1877. 


Cephulotes,i4, c4, pm $, m %, premaxillary bones not united | 


in front, nostrils simple, muzzle short, index finger without 
a claw, tail short, includes two species, having the same 
distribution as those of Harpyia; in both the wing-mem- 
brane arises from the centre line of the back, to which it 
is attached by a longitudinal very thin process of the in- 
tegument; the wings are quite naked, but the back covered 
by them is well clothed with hair. 

Notopteris, i 4, ¢ +, pm 4, m %, index finger without a claw, 
wings from the spine, tail long. With this genus we enter 
the second division of the family, the Macroglossi, which 
have the facial part of the skull much produced, the molar 
teeth narrow, and scarcely raised above the gum, and the 
tongue exceedingly long, attenuated in the anterior third, 
and armed with long recurved papille near the tip. The 
single representative of the genus, NV. macdonaldii, inhabits 
the Fiji Islands, Aneiteum Island, and New Guinea. It 
is at once distinguished from all other Bats of this family 
by the remarkable length of its tail, which is nearly as 
long as the forearm. 

Eonycteris, i ,c4, pm #, m 4, is also represented by a single 
species, EF. spelea, from the Farm Caves, Moulmein, Bur- 
mah, which has somewhat the appearance of a Cynonycteris, 
but the absence of a claw in the index finger and the pres- 
ence of the characteristic tongue and teeth at once distin- 
guish it. 

Macroglossus and Melonycteris, each with a single species, 
are closely allied ; the index finger in both has a claw, but 
the number of the teeth is the same as in Honycteris. Mac- 


roglossus minimus is the smallest known species of the sub- | 


order; it is much smaller than the common Serotine Bat 
of Europe, and its forearm is scarcely longer than that of 
the JLong-eared Bat. It is nearly as common in certain 
parts of India as Cynopterus margimatus (compared with 
which it is proportionally equally destructive to fruit), and 
extends eastward through the Malay Archipelago as far as 
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New Ireland, where it is associated with Melonycteris mela- 
| nops, distinguished from it by its larger size and by the to- 
_ tal absence of the tail. 


SuporpeER II. MICROCHIROPTERA. 


Insectivorous (rarely frugivorous or sanguiyorous) Bats, 
of comparatively small size, having the crowns of the mo- 
lar teeth acutely tuberculated, marked by transverse 
grooves, with the bony palate narrowing abruptly, not 
continued backwards laterally behind the last molar; 
with one.rudimentary phalanx (rarely two phalanges or 
none) in the index finger, which is never terminated by a 
claw; with the outer and inner sides of the ear-conch com- 
|mencing inferiorly from separate points of origin; with 
the tail, when present, contained in the interfenoral mem- 
brane, or appearing upon its upper surface; with a simple 
stomach (except in Desmodontes); and with the Spigelian 
lobe of the liver very large, the caudate lobe generally 
small. Inhabiting the tropical and temperate regions of 
both hemispheres. 

The Bats included in this suborder are mainly insectiy- 
orous, though some are frugivorous, and two species are 
| known to be sanguivorous. They fall into five natural 
families, which may be arranged in two groups or alliances 
as follows :— 

I. Tail contained within the interfemoral membrane ; 
the middle pair of upper incisors never large, always 
separated from each other by a more or less wide 
space. I. Vespertilionine Alliance. 

a. Middle finger with two osseous phalanges only (ex- 
cept in Myxopoda aurita, Thyroptera tricolor, and 
Mystacina tuberculata). 

a’. First phalanx of the middle finger extended 
(in repose) in a line with the metacarpal 
bone. 

a’, Nostrils opening in a depression on the 
upper surface of the muzzle, surrounded 
by foliaceous cutaneous appendages. 

a’, Tragus none; premaxillary bones ru- 
dimentary, represented by thin os- 
seous laming suspended from the 
nasal cartilages in the centre of the 
space between the canines. Rhino- 
lophide. 

b'’’". Tragus distinct; premaxillary bones 
cartilaginous or small, separated by 
a space in front. Nycteride. 

6’. Nostrils opening by simple ecrescentic or 
circular apertures at the extremity of 
the muzzle, not surrounded by distinct 
foliaceous cutaneous appendages; pre- — 
maxillary bones small, lateral, separated 
by a wide space in front ; tragus distinct. 
Vespertilionide. 

Il. Tail perforating the interfemoral membrane, and ap- 
pearing on its upper surface, or produced considerably 
beyond the truncated membrane; the middle pair of 
upper incisors generally large and close together. 
Il. Enballonurine Alliance. 

b’. First phalanx of the middle finger folded (in 
repose) on the dorsal surface of the meta- 
carpal bone (except in Noctilio and Mysta- 
cina). 

ce’. Nostrils opening by simple circular or 
valvular apertures at the extremity of the 
muzzle, not surrounded or margined by 
foliaceous cutaneous appendages; tragus 
distinct. Wmnballonuride. 

b. Middle finger with three well-developed osseous 
phalanges; first phalanx of the middle finger 
short; nostrils in the front part of the cutaneous 
nasal appendages, or opening by simple apertures 
at the extremity of the muzzle; chin with warts 
or erect cutaneous ridges; premaxillary bones 
well-developed, united in front. Phyllostomide. 


I. VESPERTILIONINE ALLIANCE. 


Family VESPERTILIONIDA. ~ 


In the above synopsis of the families of Microchiroptera 
the Vespertilionide take the central position; and this is, 
indeed the place really occupied by them in the suborder. 
This family includes the common simple-faced Bats of all 
countries, of which the well-known Pipistrelle and the 
| Whiskered Bat (Vespertilio mystacinus) may be taken as fa- 
' miliar types, and its species number about 150, considerably 
more than one-third the total number of the known species 
of Chiroptera, estimated at slightly over 400 (see Introd. to 
| Dobson’s Catal. Chiropt. Brit. Mus., 1878). Besides the char- 
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acters of the family given in the synopsis, it may be added 
that the skull is of moderate size, the nasal and frontal 

_ bones not much extended laterally or vertically, nor fur- 
rowed by deep depressions; the number of incisors varies 
from 3 to 4, rarely (in Antrozous only) 4, premolars % or # or 
4, rarely (in Vesperugo noctivagans of North America) 4; the 
upper incisors are small, separated by a wide space in the 
centre, and placed in pairs or singly near the canines; the 
molars are well developed, with acute W-shaped cusps. The 
family is distributed over the temperate and tropical re- 
gions of both hemispheres. The genera may be conveniently 
divided into four groups :—Plecoti, Vespertiliones, Miniopteri, 
and Thyroptert. 

In the Plecoti, of which the common Long-eared Bat 
(Plecotus awritus) is the type, the crown of the head is but 
slightly raised above the face-line, the upper incisors are 
close to the canines, and the nostrils are margined behind 
by grooves on the upper surface of the muzzle, or by rudi- 
mentary nose-leaves; the ears also are generally very large 
and united. Of the five genera, Plecotus, i 4, pm #, has two 
species :—one the common Long-eared European Bat re- 
ferred to above; the other, P. macrotis, restricted to North 
America, is distinguished by the great size of the glandular 
prominences of the sides of the muzzle, which meet in the 
centre above and behind the nostrils. Synotus, i 4%, pm 4, 
distinguished by dentition and by the outer margin of the 
ear being carried forwards above the mouth and in front 
of the eye, includes the European Barbastelle Bat, S. barbas- 
tellus, and S. darjelingensis from the Himalaya. Otonycteris, 
a 4, pm 4, connecting this group with the Vespertiliones 
through the tropical Scotophili, is represented by a single 
species, O. hemprichit, from North Africa and the Himalaya. 
The next two genera are distinguished by the presence of a 
rudimentary nose-leaf :—Nyctophilus, i 4, pm 4, with one spe- 
cies, V. timoriensis, from the Australian region; and Antrozous, 
44, pm 4, distinguished from all the family besides by having 
but two lower incisors, and from other Plecoti by the separate 
ears; the single species, A. pallidus, inhabits California. 

The group Vespertiliones, with eight genera, includes nine- 
tenths of the species. Of these one-third are contained in 
the genus Vesperugo, which is divisible into six subgenera 
according to the number of premolars and incisors; the 
latter vary from % to 4 in the subgenera Scotozous and Rho- 
geéssa, and the premolars from % to 4 (in the subgenus La- 
sionycteris 4). The Bats of this genus are generally easily 
distinguished by their comparatively thickly formed bodies, 
by their flat broad heads and obtuse muzzles, by their short, 
broad, and triangular, obtusely-pointed ears, by their obtuse 
and usually slightly incurved tragus, by their short legs, 
and by the presence in both species of a well-developed 
post-calcaneal lobule. This lobule (which is supported by 
a cartilaginous process derived from the caleaneum) may 
act as a kind of adhesive disk in securing the animal’s 
grasp when climbing oversmooth surfaces. Vesperugo prob- 


ably contains the greatest number of individuals among the | 


genera of Chiroptera, and, with the exception of Vespertilio, 


its species have also the widest geographical range, being | 
in fact cosmopolitan; and one of the species, the well- | 


known. Serotine, V. (Vesperus) serotinus, is remarkable as 
the only species of Bat known to inhabit both the Old and 
the New World; one, V. borealis, has been found close to 
the limits of the Arctic Circle, and another, V. magellanicus, 
inhabits the cold and desolate shores of the Straits of Ma- 
gellan, doubtless the Bat referred to by Mr. Darwin in the 
Naturalist’s Voyage. Chalinolobus agrees with Vesperugo in the 
dental formula, but is readily distinguished by the presence 
of a well-defined lobe projecting near the angle of the mouth 
from the lower bip, and by the unicuspidate upper inner in- 
cisors. The species fall into two subgenera :—Chalinolobus, 
pm %, with C. tuberculatus from New Zealand, Tasmania, 
and Australia, and three other species from Australia; and 
Glauconycteris, pm +, limited to southern and equatorial 
Africa, with G. argentatus and two other species, the Bats 
. of this subgenus being especially remarkable for their pecu- 
liarly thin membranes traversed by very distinct reticula- 
tions and parallel lines. Scotophilus, i 4, pm 4, includes eight 
species, restricted to the tropi- 
cal and subtropical regions of 
the eastern hemisphere, though 
widely distributed within 
these limits. The Bats of this 
genus, though difficult to de- 
fine, and approaching certain 
of those of Vesperugo in many 
points, are distinguished espe- 
cially by the single pair of INNS 
unicuspidate upper incisors Fie. 71.—Head of Scotophilus 
separated by a wide space and emarginatus. Dobson, Mo- 
placed close to the canines, by  nogr. Asiat. Chiropt. 

the small transverse first lower premolar crushed in he- 
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, 
tween the canine and second premolar, and, generally, by 
their conical, nearly naked muzzles and remarkably thick 
leathery membranes. Sc. temminckii is probably the com- 
monest species of Bat in India, and appears often on the 
wing even before the sun has touched the horizon, espe- 
cially when the white ants are swarming, feeding eagerly 
upon them as they rise in the air. Se. gigas, from equato- 
rial Africa, with the forearm 3.4 inches, is by far the 
largest species. Nycticejus, with the same dental formula as 
Scotophilus, is distinguished by the first lower premolar not 
being crushed in between the adjoining teeth, and by the 
comparatively much greater size of the last upper molar. 
It includes only the common North American species J. 
crepuscularis, a small Bat scarcely larger than the 
Pipistrelle. Atalapha, i 4, pm # or 4, with five spe- 
cies, is also limited to the New World. The Bats 


of this genus are generally characterized by the 
interfemoral membrane being more or _ less coy- 
ered with hair (in the two commonest species, A. 


noveboracensis and A. cinerea wholly thickly covered), and 
by the peculiar form of the tragus, which is expanded above 
and abruptly curved inwards. In these species, which 
have two upper premolars, the first is extremely small and 
quite internal to the tooth-row. The genus Harpyiocepha- 
lus, 7%, pm %, includes eight very remarkable small species, 
distinguished at once by their prominent tube-like nostrils 
and hairy interfemoral membrane. H. swillus from Java 
and neighboring islands is the best-known species, 
and another closely allied, H. hilgendorfi, has been described 
| by Professor Peters from Japan. The remaining six spe- 
cies are known only from the Himalaya and Tibet. All 
appear to be restricted to the hill tracts of the countries in 
which they are found. Next to Vesperugo, the genus Ves- 
pertilio, i 4, pm % includes by far the largest number of spe- 
cies, amounting to forty-three; it has, however, rather a 
wider geographical distribution in both hemispheres, one 
species at least being recorded from the Navigators’ 
Islands. The species are easily recognized by the peculiar 
character of the pairs of upper incisors on each side, the 
cusps of which diverge from each other, by the large num- 
ber of premolars, of which the second upper is always very 
small, and by the oval elongated ear and narrow attenu- 
ated tragus. 
Kerivoula,. 
with the 
same dental 
formula as 
Vespertilio, is 
easily distin- 
guished by 
e the parallel 
Fic, 72.Side and Front View of the Head of Keri- upper incis- 
voula hardwickit. Dobson, Monogr. Asiat. Chiropt. ors, and by 
the compar- 
atively large size of the second upper premolar. Ten spe- 
| cies haye been described from the Ethiopian and Oriental 
regions, of which K. picta, from India and the Indo- 
Malayan subregion, is the best-known, being well charac- 
| terized by its brilliantly colored orange fur and conspicu- 
| ously marked membrane, which are variegated with orange 
| and black. The genus includes the most delicately formed 
{and most truly insectivorous, tropical, forest-haunting 
Bats, which appear to stand as regards the species of Ves- 
pertilio in a position similar to that occupied by Chalinolo- 
bus with respect to Vesperugo. 

The next group, Miniopteri, includes two genera, Natalus . 
and Miniopterus, characterized by the great elevation of the 
crown of the head above the face-line, and by the upper 
incisors being separated from the canines and also in front. 
Natalus, with the same dental formula and general external 
form as Kerivoula, is distinguished by the short triangular 

tragus, and by the 


characters of the 
group enumerated 
above. It includes 


three species, all re- 
stricted to South 
and Central America 

and the West Indies; 
Ee the head of -one, N. 
micropus, lately de- 
scribed by the pres- 
ent writer, is shown 
in fig. 73.  Miniop- 
terus, 1 % pm %, at 
once distinguished by 
the shortness of the 


Fig. 73,—Head of Natalus micropus. X 2. 
Dobson, Proc. Zool. Soc., 1880. 

first phalanx of the middle finger, and by the great length 

of the tail, which is wholly contained within the inter- 

femoral membrane, includes four species, restricted to the 
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eastern hemisphere. Of these the best known, M. schret- 
bersii, is very widely distributed, being found almost every- 
where throughout the tropical and warmer temperate re- 
gions of the eastern hemisphere, specimens from Germany, 
Madagascar, Japan, and Australia differing in no appre- 
ciable respect. 

The last group, Thyropteri, includes also two genera, 
distinguished not only by the presence of an addi- 
tional osseous phalanx in the middle finger and an equal 
number of phalanges in the toes, but also by peculiar acces- 
sory clinging organs attached to the extremities. In 7'hyro- 
ptera tricolor, %, pm %, from Brazil, these organs have the ap- 
pearance of small, circular, pedunculated, hollow disks (fig. 
74), resembling in miniature the sucking cups of cuttle-fishes 
and attached to the inferior surfaces of the thumbs and soles 
of the feet, with which the animal is enabled to maintain its 
hold when ereeping over smooth vertical surfaces (for an 


Fie. 74,—Suctorial Disksin Thyroptera tricolor, a, side, and b, con- 
eave surface, of thumb disk; ¢c, foot with disk, and ealcar with 
projections (all much enlarged). Dobson, Proc. Zool. Soc., 1876. 


account of the minute anatomy of these clinging organs see 
the writer’s paper in the Proc. Zool. Soc., 1876, pp. 531-34 . 
In Myxopoda aurita from Madagascar (type of the second 
genus), with the same dental formula, but differing much 
in the characters of the teeth and the form of the ears, the 
whole inferior surface of the thumb supports a large sessile 
horseshoe-shaped adhesive pad, with the circular margin 
directed forwards and notched along its edge, and a smaller 
pad occupies part of the sole of the foot. 


Family NYCTERID 2. 


_ Thissmall family, defined in the synopsis above, includes 
only two genera of Bats of very peculiar aspect, limited to 
the tropical and subtropical parts of the eastern hemisphere. 


Megaderma, i 3, pm % or 4, with five species, is distin- 
guished by the absence of upper incisors, by the cylindrical 
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narrow muzzle surmounted by an erect naked cutaneous 
process (the nose-leaf), the base of which conceals the nasal 
orifices, by the immense connate ears with large bifid tragi, 
and by the great extent of the interfemoral membrane, in 
the base of which the very short tail is concealed. M. gigas, 
from central Queensland (forearm 4.2 inches), is not only 
the largest species of the genus but also of the suborder. MM. 
lyra, common in India (forearm 2.7 inches), has been caught 
in the act of sucking the blood, while flying, from a small 
species of Vesperugo, which it afterwards devoured (see 
Dobson’s Monograph of the Asiatic Chiroptera, p. 77), so that 
it is probable that the Bats of this genus do not confine 
themselves to insect prey alone, but also feed, when they 
can, upon the smaller species of Bats and other small mam- 
mals, 

Nycteris, i 4, pm 4, with seven species, differs so much 
from Megaderma that it may be considered the type of a 
separate sub-family. As in that genus, the frontal bones 
are deeply hollowed out and expanded laterally, the muz- 
zle presents a similar cylindrical form, and the lower jaw 
also projects, but the single elevated nose-leaf is absent, and 
instead of it the face is marked by a deep longitudinal 
sharp-edged groove extending from the nostrils (which are 
on the upper surface of the muzzle near its extremity) to 
the low band connecting the bases of the large ears; the 
sides of this depression are margined as far back as the eyes 
by small horizontal cutaneous appendages. All the species 
resemble one another closely, and are mainly distinguished 
by the form of the tragus, and the size and relative position 
of the second lower premolar. With the exception of N. 
javanica, all the species are limited to the Ethiopian 
region. 


Family RHINOLOPHIDA. 


In all the species of this family the nasal appendages are 
highly developed, and surround on all sides the nasal aper- 
tures, which are situated in a depression on the upper sur- 
face of the muzzle ; the ears are large and generally separate, 
without trace of a tragus; the premaxillary bones are rudi- 
mentary, are suspended from the nasal cartilages, and sup- 
port a pair of very small incisors; the molars have acute 


W-shaped cusps; the skull is large, and the nasal bones | 


which support the large nasal cutaneous appendages are 
much expanded vertically and laterally ; in females a pair 
ot teat-like appendages are found in front of the pubis; and 
the tail is long and produced to the posterior margin of 
the interfemoral membrane. The family is found in the 
temperate and tropical parts of the eastern hemisphere. 
From whatever point of view the Rhinclophide may be 


considered, they are evidently the most highly organized 


of insectivorous Bats. In them the osseous and cutaneous 
systems reach the most perfect developement. Compared 
with theirs the bones of the extremities and the volar 
membranes of other Bats appear coarsely formed, and even 
their teeth seem less perfectly fitted to crush the hard 
The very complicated nasal appendages, 
which evidently act as delicate organs of special perception 
(vide supra), here reach their highest development, and the 
differences in their form afford valuable characters in the 
discriniination of the species, which resemble one another 
very closely in dentition and in the color of the fur. 

Subfamily I. Rhinolophinze.—First toe with two, other 
toes with three phalanges each ; ilio-pectineal spine not con- 
nected by bone with the antero-inferior surface of the 
ilium. 

Rhinolophus, i 3, ¢ 4, pm%,m %, nose-leaf with a central pro- 
cess behind and between the nasal orifices, posterior ex- 
tremity lanceolate, antitragus 
large, includes twenty-four spe- 
cies. 2. luctus, forearm 3 inches, 
is the largest species, inhabiting 
elevated hill tracts in India and 
Malayana; R. hipposideros of 
Europe, extending into south 
England and Ireland, forearm, 
1.5 inches, is one of the smallest ; 
and R. ferrum-equinum, forearm, 
2.3 inches, represents the aver- 
age size of the species, which 
are mainly distinguished from 
one another by the form of the 
nose-leaf. The last-named spe- 
cies extends from England to 
Japan, and southward to the 
Cape of Good Hope. 

Subfamily IJ. Phyllorhinze.—Toes equal, of two pha- 
langes each; ilio-pectineal spine united by a bony isthmus 
with a process derived from the antero-inferior surface of 
the ilium, 


Fic. 76.—Head of Rhinolo- 
phus mitratus. Dobson, 
Monogr. Aviat. Chiropt. 
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Phyllorhina, with twenty-two species, and Rhinonycteris, 
Triznops, and Celops, with one each, represent this sub- 
family. Phyllorhina, 1 4,¢4, pm } or 4, m 4, differs from 
Rhinolophus in the form of the nose-leaf, which is not lan- 
ceolate behind (see fig. 76), and is unprovided with acentral 
process covering the nostrils; the largest species, Ph. armigera, 
appears to be the most northerly, having been taken at Amoy 
in China, and in the Himalaya at an elevation of 5500 feet. 
Many are provided with a peculiar frontal sac behind the 
nose-leaf, rudimentary in females (see fig. 77), which the 
animal can evert 
at pleasure; the 
sides of this sac 
secrete a waxy 
substance, and its 
extremity  sup- 
ports a pencil 
of straight hairs. 
Rhinonycteris, re- 
presented by R. 


aurantia from 
Australia, ard 
Triznops, by T. 
persicus, from 


Fie. 77—Head of Phyllorhina calcarata, 


Persi ast- 
eae Pant Dobson, Proc. Zool. Soc., 1877. 


ern Africa, are 
closely allied 
genera; the lat- 
ter species is 
characterized by 


the very re- 
markable form 
of its nasal ap- 
pendages and 


ears, and by the 
presence of a pe- 
culiar osseous 
projection from 
the proximal ex- 
tremity of the 
second phalanx 
of the fourth 
finger. Ceelops 
(C. frithii), from 
the Bengal Sun- 
derbunds, Java, 
and Siam (in the : 
roof of the great pagoda at Laos), is distinguished, not only 
by the very peculiar form of its nose-leaf, but also by the 
great length of the metacarpal bone of the index finger, as 
well as by the shortness of the calecanea and interfemoral 
membrane. 


x 2, 


Fic. 78—Head of Trivnops persicus. 
Dobson, Monogr. Asiat, Chiropt. 


II. EMBALLONURINE ALLIANCE. 
Family EMBALLONURID, 


The second group of families (as defined above) into 
which the Microchirontera may be divided includes the 
Emballonuride and Phyllostomide. The former is repre- 
sented by thirteen genera, including sixty-five species. 


' The Emballonwride are generally easily distinguished by the 


peculiar form of the muzzle, which is obliquely truncated, 
the nostrils projecting more or less in front beyond the 
lower lip, by the first phalanx of the middle finger being 
folded in repose forwards, on the upper surface of the 
metacarpal bone, by the tail, which either perforates the 
interfemoral membrane or is produced far beyond it, and 
by the upper incisors, which are generally a single pair 
separated from the canines and also in front. They are 
cosmopolitan like the Vespertilionide but rarely extend 
north or south of the thirtieth parallel of latitude. 

Subfamily I. Bmballonurinze.—The tail slender, per- 
forating the interfemoral membrane, and appearing upon 
its upper surface, or terminating in it; legs long, fibule 
very slender; upper incisors weak. ¢ 
_ Group I. Furiz.—Tail terminating in the interfemoral 
membrane ; crown of the head greatly elevated above the 
face-line; thumb and first phalanx ofthe middle finger 
very short; 7 3, ¢ 4, pm 4, m 4. ‘ ; 

Two genera, Fwria and Amorpkochilus, each including one 
species of very peculiar aspect, the latter distinguished 
from the former by the widely separated nostrils and great 
extension backwards of the bony palate. Habitat South 
America, ‘ 

Group Il. Emballonure.—Part of the tail included in 
the basal half of the interfemoral membrane, the re- 
maining part passing through and appearing upon its 


upper surface; crown of the head slightly elevated; 


Vou. XV.—709 
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thumb and first phalanx of the middle finger moderately 
long; pm %. With five genera. 

Lmballonura, i %, extremity of 
the muzzle more or less pro- 
duced beyond the lower lip, 
forehead flat, contains five spe- 
cies, inhabiting islands from 
Madagascar through the Malay 
Archipelago to the Navigators’ 
Islands. Ooleiira, i 4, extremity 
of the muzzle broad, forehead 
concave, has two species from 
east Africa and Seychelles Isl- 
ands. Rhynchonycteris is distin- 

raffrayana, 2. Dobson, guished from Coleiira by the 

Proc. Zool. Soc. 1878. much produced extremity of the 
muzzle; the single species R. naso from Central and South 
America is very common in the vicinity of streams 
throughout the tropical parts of these countries. It 
is usually found during the day resting on the vertical 
faces of rocks, or on the trunks of trees growing out over 
the water, and, owing to the peculiar grayish color of the 
fur covering the body and growing in small tufts from the 
antebrachial membrane, counterfeiting the weathered sur- 
faces of the rocks and the bark of the trees, easily escapes 
notice. As the shades of evening approach it appears 
early on the wing, flying close to the surface of the water, 
and seizing the minute insects that hover over it. Sacco- 
pteryx, + 4, antebrachial membrane with a pouch opening on 
its upper surface, contains six species from Central and 
South America; the wing-sac varies in position in different 
species. It is developed only in the male; in the female it 
is quite rudimentary. In the adult males of the different 
species a yalyular longitudinal opening is found on the 
upper surface of the membrane. ‘Chis opening leads into 
a small pouch (in some species large enough to hold a pea), 
the interior of which is lined with a glandular membrane 
secreting an unctuous substance of a reddish color with a 
strong ammoniacal odor, The presence of this sac in males 
only indicates that it is a secondary sexual character analo- 
gous to the shoulder pouches of Lpomophorus, the frontal 
sacs of Phyllorhina, etc. 

The next genus Japhozous, including ten species, inhabit- 
ing the tropical and subtropical parts of all the eastern 
hemisphere except Polynesia, forms the second section of 
this group, distinguished by its cartilaginous premaxil- 
laries, deciduous pair of upper incisors, and by the presence 
of four lower incisors only. Most of the species have a 
peculiar glandular sac (see fig. 80) placed between the 


Fie. 79.—Ear of Emballonura 


Fig. 80.—Heads of Taphozous longimanus, showing relative: de- 


velopment of gular sacs in male and female. Dobson, Proc. 


Zool, Soe., 1873. 


angles of the lower jaw, a sexual character; for, while 
always more developed in males than in females, in some 
species, although distinet in the male, it is quite absent in 
the female. An open gular sac is wanting in both sexes in 
T. melanopogon, but about its usual position the openings of 
small pores may be seen, the secretion exuding from which 
probably causes the hairs to grow very long, forming the 
black beard found in many male specimens of this species. 
Group ILL. Diclidwri.—This is represented by a single 
eenus, Diclidurus, including two species. D. albus, from 
Central and South America, 7 4, ¢ 4, pm 3, m 3, resembles the 
species of Taphozous in the form of the head and ears, but 
besides other characters, differs from all other Bats in pos 
sessing a peculiar pouch, opening on the centre of the 
inferior surface of the interfemoral membrane; the ex- 
tremity of the tail enters this, and perforates its fundus. 
Group IY. Noctiliones—This also is represented by a 
single genus and two species, Noctilio leporinus and NN. dor- 
satus, + 4, pm 4, from Central and South America. The 
group connects the family Lmballonwride with the Phyl- 
lostomidz, possessing characters common to both, but also 
so many remarkable special peculiarities as almost to war- 
rant the formation of a separate family for its reception. 


The type N. leporinus of Linnaeus, is a Bat of very curious 
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aspect, with strangely folded lips, erect cutaneous processes 
on the chin, and enor- 
mous feet and claws. 
The two middle inci- 
sors are close together, 
and so large as to con- 
ceal the small outer 
ones, while in the lower 
jaw there are but two 
small incisors. This ap- 
parent resemblance to a 
Rodent actually led the 
great naturalist to re- 
move this species from 
the Bats and place it in 
his order Glues or Rodents. Similarly the next group 
Rhinopomatn, represented by a single species, R. micro- 
phyllum, might also be elevated into the rank of a family, 
for it is very difficult to determine its exact affinities, a 
kind of cross relationship attaching it to the Nycteridz 
on the one hand and to this family, in which it is here 
placed provisionally, on the other. This curious species, 
distinguished from all other Microchiroptera as well by the 
presence of two phalanges in the index finger as by its 
remarkably long and slender tail projecting far beyond the 
narrow interfemoral membrane, inhabits the subterranean 
tombs in Egypt and deserted buildings generally from 
northeast Africa to Burmah. 

Subfamily Il. Molossinee.—Tail thick, produced far 
beyond the posterior margin of the interfemoral membrane 
(except in Mystacina); legs short and strong, with well-de- 
veloped fibulz ; upper incisors strong. This subfamily in- 
cludes all the species of Emballonuride with short and strong 
legs and broad feet—whereof the first toe (and in most 
species the fifth also) is much thicker than the others, and 
furnished with long curved hairs,—with well-developed 
callosities at the base of the thumbs, and with a single pair 
of large upper incisors occupying the centre of the space be- 
tween the canines. In all the species the feet are free from 
the wing-membrane, which folds up very perfectly under 
the forearm and legs; the interfemoral membrane is retrac- 
tile, being movable backwards and forwards along the tail, 
and this power of varying its superficial extent must con- 
fer upon these Bats great dexterity in quickly changing 
the direction of their flight, as when obliged to 
double in pursuing their swiftly-flying insect 
prey, which their extremely expansible lips 
evidently enable them to secure with ease. 

Group I. Molossi,—Tail produced beyond the 
posterior margin of the interfemoral membrane. 

Cheiromeles, 1 ¢, ¢ t, pm 4, m %, hallux much 
larger than the other toes and separable from 
them, ears separate, is represented by a single 
species, C. torquatus, of large size (forearm 3.1 
inches) and very peculiar aspect, inhabiting 
the Indo-Malayan subregion. ‘This species is 
nearly naked, acollar only of thinly spread hairs 
half surrounding the neck, and is further re- 
markable for its enormous throat sac and curious 
nursing pouches. The former consists of a great 
semicircular fold of skin forming a deep pouch 
round the neck beneath, concealing the orifices 
of large subcutaneous pectoral glands which 
discharge an oily fluid of insufferably offensive smell. The 
nursing pouch is formed on each side by an extension of a 
fold of skin from the side of the body to the inferior sur- 
faces of the humerus and femur. In the anterior part of 
this pouch the mamma is placed. For figures of these 
throat sacs and notes on the use of the nursing pouches see 
Catal. Chiroptera, p. 406, pl. xxi. 

Molossus, i + or 4, pm 4 or %, upper incisors close together 
in front, with ten species, is pay. 
restricted to the tropical and 
subtropical regions of the 
New World. The woodcut 
of M. glaucinus (fig. 82) ex-¥ 
hibits the general physiog- \ 
nomy of the Bats of this 
genus. WM. obscurus,a small f 
species, is very common in {jf 
tropical America. It in- & 
habits the hollow trunks of 
palms and other trees, and 
also the roofs of houses. 
The males and females live 
apart (as, indeed, appears to 
be the case in most if not in 
all species of Bats). In the 
hollow trunk of a palm two 
colonies were discovered, one consisting of from 150 to 200 


Fie. 81.—Skull of Rhinopoma micro- 


phylum 
Asiat. Chiropt. 


9 


Dobson, Monogr. 


Fic. 82.—Head of Molossus glauci- 
“en Dobson, Proc. Zool. Soc., 
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individuals, exclusively males, while the other was com- 
posed of females with a male here and there among them. 

Nyctinomus, i 4 or 4, pm % or 3, upper incisors separate in 
front, includes twenty-one 
species, inhabiting the trop- 
ical and subtropical parts of 
both hemispheres. The lips 
of the Bats of this genus 
are even more expansible 
than in Molossus, in many 
of the species (as in the 
woodeut of the head of N. 
macrotis, fig. 83) showing 
vertical wrinkles. NV, ces- 
tonii, one of the largest 
species, alone extends into 
Europe, and has been taken 
as far north as Switzerland. 
N. johorensis, from the Malay 
Peninsula, is remarkable 
from the extraordinary form of its ears. N. brasiliensis is 
nearly as common as M. obsewrus in tropical America, and 
extends farther north (California) and south than that 
species. j 

Group II. Mystacine.—Tail perforating the interfemoral 
membrane, and appearing upon its upper surface. 

This includes a single genus and species, Mystacina tuber- 
culata, a very peculiar form restricted to New Zealand, 
where, with Chalinolobus tuberculatus, it represents the whole 
indigenous mammalian fauna of the islands. There are 
three distinct phalanges in the middle finger; the greater 
part of the wing-membrane is exceedingly thin, but a nar- 
row portion along the forearm, the sides of the body, and 
legs is remarkably thick and leathery ; beneath this thick- 
ened portion the wings are folded, and it is evidently 
analogous to the thickened part of the anterior wings in 
hemipterous insects and to the elytra of the Oboleoptera. 
With the wings thus encased, this species is the most quad- 
rupedal of Bats. Other peculiarities of structure are found 
in the remarkable form of the claws of the thumbs and 
toes, which have each a small talon projecting from its 
concave surface near the base, also in the sole of the foot 
and inferior surface of the leg, as shown in fig. 84. The 


Fic, 83.—Head of Nyctinomus ma- 
crotis. Dobson, Proc. Zool. Soc., 
1876. 


Fig, 84. 


plantar surface, including the toes, is covered with soft and 


—Thumb and Leg and Foot of Mystacina tuberculata (en- 
larged). Dobson, Proc. Zool. Soc., 1876, 


very lax integument deeply wrinkled, and each toe is 
marked by a central longitudinal groove with short grooves 
at right angles to it, as in the genus Hemidactylus (Gecko- 
tide). The lax wrinkled integument is continued along 
the inferior flattened surface of the ankle and leg. These 
peculiarities appear to be related to climbing habits in the 
species. See the writer’s remarks in Proc. Zool. Soc., 1876, 
p. 488. 


Family PHYLLOSTOMIDE. 


The Bats included in this family are readily distinguished 
by the presence of a well-developed third phalanx in the 
middle finger, associated either with distinct cutaneous 
nasal appendages, or with well-developed central upper in- 
cisors. or with both. Unlike the Rhinolophide, their eyes 
are generally large, and the tragus well developed, main- 
taining almost the same form throughout the species, how- 
ever much the outer parts of the body may vary. Their 
fur is of a dull color, and the face and back (in the Steno- 
dermata especially) are often marked with white streaks, as 
in the Pteropodide, of which they take the place in the 
western hemisphere. A few species, probably all those 
with the tail and interfemoral membrane well-developed, 
feed principally on insects, while the greater number of the 
species of the groups Vampyri and Glossophage appear to 
live on a mixed diet of insects and fruits, and the Desmo- 


dontes, of which two species only are known, are true 
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blood-suckers, and have their teeth and intestinal tract 
specially modified in accordance with their habits. Limited 
to the tropical and subtropical parts of Central and South 
America. 

Subfamily 1, Lobostominz.—Nostrils opening by sim- 
ple apertures at the extremity of the muzzle in front, not 
margined by a distinct nose-leaf; chin with expanded leaf- 
like appendages. 

Tt includes two genera. In Chilonycteris (six species) the 
crown of the head is moderately elevated above the face- 


Fria. 85.—Head of Mormops blainvillii. 


Dobson, Catal. Chiropt. Brit. 
Mus. 


line, and the basicranial axis is almost in the same plane 


as the facial, while in Mormops the crown of the head is | 


greatly elevated above the face-line, and the basicranial 


axis is almost at right angles to the facial ; i 3, pm % in both | 


genera. The latter genus contains two species, which, in 
their very peculiar physiognomy, are probably the most 


remarkable among the many strange forms exhibited by | 


the different species of this order. 


Subfamily 2. Phyllostominz.— Nostrils opening on the | 
upper surface of the muzzle, the nasal apertures more or | 


less surrounded or margined by well-developed cutaneous 
appendages, forming a distinct nose-leaf; chin with warts. 

Group I. Vampyri.—Muzzle long and narrow in front, the 
distance between the eyes generally less than, rarely equal 
to, the distance from the eye to the extremity of the muz- 
zle; nose-leaf well-developed, horse-shoe-shaped in front, 
lanceolate behind ; interfemoral membrane well developed ; 
tail generally distinct, rarely absent; inner margin of the 
lips not fringed; i 4 or 7, pm % or #; molars with W-shaped 
cusps, usually well-developed. 

Nearly all the species of Vampyri appear to be insec- 
tivorous, so that the term applied to this group caunot be 
considered indicative of their habits. A few, if not all, 
probably supplement their insect diet with fruit. Vam- 
pyrus spectrum (the largest Bat in the New World, forearm 


4.2 inches) is said to be wholly frugivorous, and Macrotus | 


waterhousti appears to prey occasionally on small species of 
Bats, like Megadermu lyra of the eastern hemisphere, which 
it resembles in many respects. 

The species may be divided into two sections, according 
as the tail is produced to the hinder margin of the inter- 
femoral membrane or perforates it and appears upon its 
upper surface. Those included in the first section fall into 
three genera, Lonchorhina, 
Macrotus, and Macrophyl- 
lum, the first-named in- 
cluding a very remark- 
able species, L. aurita, 
with an extraordinarily 
long nose-leaf and pecu- 
liarly large ears and tragi. 
In the second section are 
included the genera Vam- 
pyrus, Lophostoma, Schizo- 
stoma, Trachyops, Phyllo- 
derma, Phyllostoma, Tylo- 
stoma, Mimon, Carollia, and 
Rhinophylla, all, with the 
exception of the last, 

distinguished from one 
another chiefly by the 
form of the skull and presence or absence of the second 
lower premolar; Trachyops, Phylloderma, and the three last- 
named genera are each represented by a single species. 
Phyllostoma hastatum, forearm 3.2 inches, next in point of 
‘size to Vampyrus spectrum, is a well- known species in South 
America; Ph. elongatwm (see fig. 86) differs in its smaller 
size and much larger nose-leaf. Carollia brevicauda, a small 
species, is generally found represented in collections, and 
externally so closely resembles Glossophaga ‘soricina (of the 


Fia, 86.—Head of Phyllostoma. elon- 
gatum, Proc. Zool. Zoc., 1866. 


next group) that it has often been confounded with that | 


species. It forms a connecting link between this group 
and the next. Rhinophylla pumilio, forearm 1.25 inches, 
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tail none, is the smallest known species of the family; it 
is further distinguished by the narrowness of its molars, 
which do not form W-shaped cusps, and by the very small 
size of the last upper molar, characters connecting it, and 
consequently the group, with the Stenodermata. 


e 
Fic. 87.—Head of Cheronycteris mexicana, showing fibrillated 


tongue. Dobson, Cat. Chiropt. Brit. Mus. 


Group II. Glossophage.—Muzzle long and narrow; tongue 
remarkably long and extensible, much attenuated towards 
the tip, and beset with very long filiform recurved papillee ; 
lower lip with a wide groove above, and in front margined 
by small warts; nose-leaf small; tail short or none; 7 3, 
pm & or 4 or 3, m 4 or $ or %; teeth very narrow; molars 
with narrow W-shaped cusps, sometimes indistinct or 
absent; lower incisors very small or deciduous. 

The ten species included in this group represent seven 
genera, which are distinguished principally by differences 
in the form and number of the teeth, and by the presence 
or absence of the zygomatic arches. The form and position 
of the upper incisors are extremely variable. In Glosso- 
phaga and Phyllonycteris the upper incisors form, as in the 
Vampy7i, a continuous row between the canines; in Mono- 
phylla and Ischnoglossa they are separated into pairs by 
a narrow interval in front; while in Lonchoglossa, Glos- 
sonycteris, and Cheronycteris they are widely separated and 
placed in pairs near the canines; in the first four genera 


| the lower incisors are present (at least up to a certain age), 


in the last three they are deciduous even in youth. The 


| zygomatic arch is wanting in Phyllonycteris, Golossnycteris, 


and Cheronycteris. 

The typical species is Glossophaga soricina, which so 
closely resembles Carollia brevicauda, both in external form 
and dentition, that it has frequently been confounded with 
it. Its long fibrillated tongue (which it possesses in com- 
mon with other species of the group) led Spix to describe 
it as a very cruel blood-sucker (sangwisuga crudelissima), 
believing that it was used to increase the flow of blood. 
This view is, however, altogether without foundation, and 
from the observations of Osburn and others it is evident 
that the peculiarly shaped tongue is used by the animal, 
as in the case of the DMacroglossi among the frugivorous 
Pteropodide, to lick out the pulpy contents of fruits having 
hard rinds. The food of the species of this group appears 
to consist of both fruit and insects, and the long tongue 
may also be used for extracting the latter from the deep 
corolle of certain flowers. 

Group ITI. Stenodermata.—Muzzle very short and generally 
broad in front, the distance between the eyes nearly always 
exceeding (rarely equal to) the distance from the eye to the 
extremity of the muzzle; nose-leaf short, horseshoe-shaped 
in front, lanceolate behind (except in Brachyphylla and 
Centurio) ; interfemoral membrane always concave behind ; 
tail none; inner margin of the lips fringed with conical 
papillee ; i % or %, pm $, m § or % or 3; premolars and molars 
very broad (except in Sturnira), the latter with concave or 
flat crowns margined externally by raised cutting edges. 

Although the Stenodermata are generally easily distin- 
guished from the Vampyri by the peculiar shortness and 
breadth of the muzzle, and by the form of the molar teeth, 
certain species of the latter group closely resemble those of 
the former in external appearance, agreeing almost abso- 
lutely in the form of the nose-leaf, of the ears and tra- 
gus, and of the warts on the chin. These resemblances 
show that, while the form of the teeth and jaws has become 
modified to suit the food of the animals, the external charac- 
ters, being but slightly affected by this cause, have remained 
much the: same, and now indicate their common origin. The 
food of these Bats appears to be wholly or in great part tree 
fruit. The twenty species have been divided into nine genera, 
distinguished by the form of the skull and teeth. Artibeus, 
with five, includes among them the well-known frugivorous 
Bat, A. perspicillatus of Linnzeus, so common in collections. 


' Stenoderma achradophilum, found in Jamaica and Cuba, asso- 
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ciated with the above, and scarcely distinguishable exter- 
nally except by its very 
much smaller size, differs 
altogether in the absence 
of the horizontal plate of 
the palate bones, Sturnira 
lium, while agreeing with 
the above in the form of 
the nose-leaf and ears, dif- 
ers from all the species of 
the family in its longi- 
tudinally-grooved molars, 
which resemble those of 
the frugivorous Pteropo- 
dide more closely than 
those of any other Bats; 
and the presence of 
tufts of long differently-colored hairs over glands in the 
sides of the neck shows yet another character in common 
still more remarkable, which can scarcely be considered, 
like the teeth, the result of adaptive change. Centurio senex 
is the type of a genus distinguished from Stenoderma and 
other genera of this group by the absence of a distinet nose- 
leaf. This most remarkable form stands alone among the 
species of Chiroptera, and, indeed, in its peculiar and gro- 
tesque physiognomy is unrivalled among known mainmals, 

Group IV. Desmodontes.—Muzzle short and conical; nose- 
leaf distinct; interfemoral membrane very short; tail 
none; i$, pm #,m4or ®; upper incisors very large, tren- 
chant, occupying the whole space between the canines ; pre- 
molars very narrow, with sharp-edged longitudinal crowns; 
molars rudimentary or none; stomach greatly elongated, 
intestiniform, 

There are two genera, Desmodus, without caleaneum or 
true molars, and Diphylla, witha short caleaneum and with 
a single rudimentary molar on each side,—restricted to 
Central and South America. Desmodus rufus, the commoner 
species, is a little larger than the Noctule Bat of Europe, 
and abundant in certain parts of South America, where it 
is very troublesome owing to its attacks upon domestic 
animals, sucking their blood and often leaving them much 
weakened from repeated bleedings. See VAMPIRE. 


Fic. 88.—Head of Centurio senex. 
Dobson, Cat. Chiropt. Brit. Mus. 


FosstL CHIROPTERA. 


Fossil remains of Chiroptera extend as far back as the 
Upper Eocene of Europe and America, if, indeed, the beds 
in which they have been found are rightly considered as 
belonging to that age. Of these Vesperugo (Nyctitheriwm) 
parisiensis, described by Cuvier from the gypsum of Mont- 
martre, is very like a small specimen of the widely-dis- 
tributed V. serotinus: V. velox and priscus of the same sub- 
section, and Nyctilestes serotinus, have been characterized by 
Marsh from the Eocene of the United States, and Vespertilio 
morloti, Pictet, from that of Switzerland. From the Quercy 
lacustrine deposits comes Rhinolophus antiquus, Filhol, but 
these are very doubtfully of Eocene age. Palxonycteris 
(allied to Rhinolophus), with P. robustus, Vesperugo, with V. 
noctuloides and murinoides, Verspertilio, with V. aquensis, pre- 
cox, and insignis, have been found in Miocene beds of France 
and Germany. Pliocene bone caves have also yielded re- 
mains, in all cases closely allied to species now inhabiting 
the same countries. All these forms, however, exhibit as 
much specialization in their general structure as any ex- 
isting species of the same families, indicating (if the age 
assigned to the deposits can be trusted) that the first appear- 
ance of Chiroptera must be referred to a very remote period. 

Bibliography of Chiroptera.—G. E. Dobson, Catalogue of the Chirop- 
tera in the Collection of the British Museum, 1878, including descrip- 
tions of all the species of Bats then known; subsequent papers by 
the same author in Rep. Brit. Assoc. Adv. Science, Proc. Zool. Soc., 
Ann. Mag. Nat, Hist., and Bullet. Soc. Zool. d- France, by Peters in 
Monatsb. Akad. Wissensch. Berlin, and by Oldfield Thomas and J. 
Scully in Ann. Mag. Nat. Hist.; H.A. Robin, Recherches Anato- 
miques sur les Mammiferes dev Ordre des Chiropteres, Paris, 1881. 


OrpER RODENTIA. 


Terrestrial, rarely arboreal or natatorial, diphyodont 
placental mammals of small size; with plantigrade or 
semiplantigrade, generally pentadactyle, unguiculate, 
rarely subungulate, feet; with clavicles (sometimes 
imperfect or rudimentary); with never more than two 
incisors in the mandible, and without canines. 

The upper incisors resemble the lower in growing 
uninterruptedly from persistent pulps, and (except in 
Lagomorpha) agree with them in number; the pre- 
molars and molars are rooted or rootless, with tubercu- 
lated or laminated crowns, and arranged in an unbroken 
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series; the orbits are not circumscribed by bone; the 
mandibular condyle is antero-posteriorly elongated ; 
the intestine (except in Myoxidiw) has a large caecum ; 
the testes are inguinal or abdominal; the uterus is 
two-horned, the cornua opening separately into the 
vagina or uniting to forma corpus uteri; the placenta 
is discoidal and deciduate; and the smooth cerebral 
hemispheres do not extend backwards so as to cover 
any part of the cerebellum. 

The Rodents form a very compact order, readily dis- 
tinguished by their large chisel-shaped incisors, and 
by the absence of canines. They include by far the 
greatest number of species (over 900), and have the 
widest distribution, of any of the orders of terrestrial 
mammals, being in fact cosmopolitan, although more 
abundant in some parts, as in South America, which 
may be considered their headquarters, than in others, 
as in Australasia and Madagascar, where representa- 
tives of a few genera of one family (Muride) only are 
found, thus contrasting remarkably with the Jnsectiv- 
ora, Which constitute at least half the mammalian 
fauna of Madagascar, but are without living represen- 


| tatives in South America. 


If, as we have seen, the term entomophagous is 
applicable to most Jnsectivora, much more so, on the 
other hand, may the species of this great order be de- 
fined as phytophagous, and this uniformity in their 
food and in the mode of obtaining it, namely, by gnaw- 
ing, has evidently led to such corresponding general 
uniformity in structure, which is observable throughout 
the species, that with difficulty we obtain characters 
sufficiently salient for dividing them into genera and 
families. Although, like the /nsectivora, they present 
much diversity of habit,—some being arboreal, as the 
Squirrels, many species of which are provided with 
cutaneous parachutes on which they glide from tree to 
tree ; some cursorial, as the Hares; some agile jump- 
ers, as the Jerboas; some fossorial, as the great Mole- 
Rats; and some natatorial, as the Beavers and 
Water-Rats,—yet we do not find corresponding struc- 
tural modifications comparable with those noticed in 
that order. 


Fic. 89.—Side View of Skull of Cape Jumping Hare (Pedetes caffer). 
x 3. PM, premaxilla; Mz, maxilla; Ma, malar; Ir, frontal ; 
L, lachrymal; Pa, parietal; Na, nasal; Sq, squamosal; Ty, 
tympanic; x0, exoccipital; AS, alisphenoid; OS, orbito- 
sphenoid; Per, mastoid bulla. Flower, Osteol. Mammal. 


The Rodent skull is characterized by the great size 
of the premaxillary bones, which completely separate 
the nasals from the maxillaries, by the invariable pres- 
ence of zygomatic arches, and by the wide unoccupied 
space existing between the alveoli of the incisors and 
the molar teeth, and (except in Lagomorpha) by the 
antero-posteriorly elongated glenoid cavity. Post- 
orbital processes of the frontals exist only in the Squir- 
rels, Marmots, and Hares; in all other genera they are 
rudimentary or altogether absent; the zygoma never 
sends upwards a corresponding prea and the orbit 
in all is freely continuous with the temporal fossa; the 
lachrymal foramen is always within the orbital margin ; 
in many species the infra-orbital foramen is very large 
(in some as large as the orbit), and transmits part of 
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the masseter muscle; the zygomatic arch is variously 


developed, and the position of the malar in it is used as | 


a distinguishing character for grouping the families ; 


the nasals are, with few exceptions, large, and extend | r 
long, and in the Hares there are large compressed 


far forwards; the parietals are moderate, and there is 
generally a distinct interparietal ; the palate is narrow 
from before backwards,—this is especially pronounced 


Fic. 90.—Skull of Hystrix evistata(juv.). t, temporal muscle; m, 
masseter; 7/, portion of masseter transmitted through the infra- 
o"bital foramen, the superior maxillary nerve passing outwards 
between it and the maxillary bone. 

in the Haves, where it is reduced to a mere bridge be- 
tween the premolars,—in others, as in the great Rodent 
Moles (Bathyergine), it is extremely narrow trans- 
versely, its width being less than that of one of the 
molar teeth ; tympanic bulla ossez are always present 
and generally large; in some genera, as in the Ger- 
billes (Gerbillince) and Jerboas (Dipodine), there are 
supplemental mastoid bullee which form great hemi- 
spherical bony swellings at the back of the skull (see fig. 
89, Per) ; in these genera, and in the true Hares, the 
meatus auditorius is tubular and directed upwards 
and backwards. The mandible is characterized by its 
abruptly narrowed and rounded symphysial part sup- 
porting the pair of large incisors, as well as by the 
small size of the coronoid process and great develop- 
ment of the angular portion. 

The dental formula varies from 7 %, ¢ 9, pm $, m 3, 
(total 28) in the Hares and Rabbits to 74, ¢ 9, pm 8, 
m % (total 12) in the Australian Water-Rats; but in 
the vast majority of the species it presents striking 


uniformity, and may be set down typically as 7 4, ¢ ®, | 


pm ¢ or %, m 3. In Lagomorpha only are there more 
than a single pair of incisors, and in them the addi- 
tional pair are small and placed quite behind the mid- 
dle pair,‘ and in this group alone does the enamel 


extend even partially to the back of the tooth; in| 


all others it is restricted to its front surface, and 
so, by the faster wearing away of the softer struc- 
tures behind, a chisel-shaped edge is always main- 
tained. Both the upper and lower incisors are regu- 
larly curved, the upperslightly more so than the lower, 
and, their growth being continuous, should anything 
prevent the normal attrition by which their length is 
regulated, as by the loss of one of them, or by dis- 
placement owing to a broken jaw or other cause, the 
unopposed unused incisor may gradually curve upon 
itself until a complete circle or more has been formed, 
the tooth, perhaps, passing during its growth through 
some part of the animal’s head. ‘The molar teeth may 
be rooted or rootless, tuberculated or laminated; and 
this diversity of structure may be noticed even in the 
same family. When there are more than three back 
teeth those which precede the last three have succeeded 
milk teeth, and must therefore be considered premo- 
lars. In some species, as in the Agoutis (Dasyproc- 
tide), the milk teeth are long retained, while in the 
allied Cavies (Caviide), they are shed before birth. 

1 Professor Huxley remarks (Proc. Zool. Soc., 1880, p. 655) :—“* The 
deciduous molars and the posterior deciduous upper incisors of 
the Rabbit have long been known, But I have recently found 
that unborn Rabbits possess, in addition, two anterior upper and 
two lower deciduous incisors. Both are simple conical teeth, the 


sacs of which are merely imbedded in the gum. The upper is 
not more than one-hundredth of an inch long, the lower rather 


larger.” : 
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There are generally nineteen dorso-lumbar vertebrae 
(13 thoracic and 6 lumbar), and their forms vary in the 
different genera; in the cursorial and leaping species 
the lumbar transverse processes are generally very 


hypapophyses. he caudal vertebrae exhibit as much 
variety as in Jnsectivora, from their rudimentary con- 
dition in the Guinea-Pig to their great size in the 
Jumping Hares and prehensile-tailed Poreupines. The 
scapula is usually narrow, with a long acromion; the 
clavicles may be altogether absent or imperfect, as in 
the Porcupines, Cavies, and Hares, but in most species 
they are well-developed; the humerus has no supra- 
condylar foramen, and the forearm bones are distinct ; 
in most species the manus has five digits with pha- 
langes normally developed, the pollex rarely rudimen- 
tary or absent. In contrast to the normal condition 
of the pelvis in Jnsectivora, we find here largely de- 
veloped ischiatie and pubie bones, with a long usually 
osseous symphysis; the femur varies considerably in 
form, and there is generally a well-defined third tro- 
chanter; in the Sciurine and Hystricine Rodents the 
tibia and fibula are distinct, but in the Rats and other 
Murines, and in the Hares, these bones are united, 
often high up; the pes is much more variable than 


Fig. 91.—Vertical and Longitudinal Section through Skull of 
Castor fiber, showing the cerebral cavity, the greatly-developed 
turbinal lamelle, the mode of implantation of the large ever- 
growing, chisel-edged incisor, and the curved rootless molars. 


the manus, the digits varying in number from five, as 


in the Squirrels and Rats, to four, as in the Hares, or 


even three, as in the Capybara, Viscacha, and Agouti; 
in the Dipodidu: the metatarsals are greatly elongated, 
and in some of the species, as in the Jerboas, they are 
ankylosed together. 

The mouth is divided into two cavities communicating 
by a constricted orifice, an anterior containing the large 
incisors and a posterior in which the molars are placed, 
the hairy integument of the face being continued 
inwards behind the incisors. This evidently prevents 
substances not intended for food getting into the mouth, 
as when the animal is engaged in gnawing through:an 
obstacle. In the Hares and Pacas the inside of the 
cheeks is hairy, and in some species, as in the Pouched 
Rats and Hamsters, there are large internal cheek 
pouches lined with the hairy integument, which open 
near the angles of the mouth and extend backwards 
behind the ears; in the New-World Pouched Rats 
( Geomyide) the pouches open externally on the cheeks. 
The tongue presents little of that variability in length 
observable in the preceding orders ; it is characteristi- 
cally short and compressed, with an obtuse apex never 
protruded beyond the incisors ; in most species there 
are, as in /nsectivora, three papille circumvallate at 
the base; and the apical portion is generally covered 
with small filiform papillae, some of which in the Por- 
cupines ( Uystrix hota greatly enlarged, forming 
toothed spines. ‘The stomach varies in form from the 
simple oval sac of the Squirrel to the complex rumi- 
nant-like organ of the Lemming. In the Water-Vole 
(Arvicol amphibius) and in the Agouti (Dasyprocta 
agouti) it is strongly constricted between the cesopha- 
gus and pylorus; in the common Dormouse the ceso- 
phagus immediately before entering the stomach is 
much dilated, forming a large egg-shaped sac with 
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thickened glandular walls, andin some other species, 
as in Lophiomys ¢mhausi and inthe Beaver, glandu- 
lar masses are attached to and open into the cardiac or 
pyloric pouches. All Rodents, with the exception only 
of the species of Dormice (Myowide) have a cecum, 
often of great length and sacculated, as in the Hares, 
Water-Voles, and Poreupines, and the long colon is in 
some, as in the Hamster and Water-Vole, spirally 
twisted upon itself near its commencement. The liver 
is typically divided in all, but the lobes are variously 
subdivided in the different species (in Capromys they 
are divided into minute lobules) ; and the gall-bladder, 
though present in most, is absent in afew. In most 
species, as in many Jnsectivora, the penis (which is gen- 
erally provided with a bone) may be more or less com- 
pletely retracted within the fold of integument sur- 
rounding the anus, and lie curved backwards upon it- 
self under cover of the integument, or it may be car- 
ried forward some distance in front of the anal orifice, 
from which in the breeding season, as in the Voles 
and Marmots, the prominent testicular mass separates 
it. The testes in the rut form projections in the groins, 
but (except in Lagomorpha) do not completely leave 
the cavity of the abdomen. Prostatic glands and, ex- 
cept in Lagomorpha, vesiculee seminales are present in 
all. The uterus may be double, each division opening 
by a separate os uteri into a common vagina, as in 
Leporide, Sciwride and Hydrocherus, or two-hornea, 
as in most species. ‘I'he mammary teats vary in num- 
ber from the single abdominal pair of the Guinea-Pig 
to the six thoracico-abdominal pairs in the Rats. In 
the Octodontide the teats are placed high up on the 
sides of the body. 

The peculiar odor evolved by many Rodents is due, 
as in the /nsectivora, to the secretions of special glands, 
which may open intothe prepuce, as in Mus, Arvicola, 
Cricetus, ete., or into the rectum, as in Arctomys and 
Aulacodus, or into the passage common to both, as in 
the Beaver, or into pouches opening near the anus, as 
in the Hare, Agouti, and Jerboa. 

The integument is' generally thin, and the pannicu- 
lus -carnosus rarely much developed. The fur varies 
exceedingly in character,—in some very fine and soft, 
as in the Chinchillas and Hares, in others more or less 
replaced by spines on the upper surface, as in the 
Spiny Rats and Porcupines; in several genera, as in 
Xerus, Acomys, Platacanthomys, Echiothrix, Lon- 
cheres and Echinomys, the spines are flattened. In 
the muscular structures the chief peculiarities are no- 
ticeable in the comparatively small size of the tempo- 
ral muscles, generally so largely developed in Jnsectivora, 
and in the great double masseters, which are the prin- 
cipal agents in gnawing ; the digastrics also are remark- 
able for their well-defined central tendon, and in many 
species their anterior bellies are united between the man- 
dibular rami; the cleidomastoid generally arises from 
the basi-occipital, and the pectoralis major is connected 
with the latissimus dorsi; in the Poreupines and Hares 
the tendons of the flexor digitorum longus and flexor 
hallucis longus are connected in the foot, while in the 
Rats and Squirrels they are separate, and the flexor 
digitorum longus is generally inserted into the hallu- 
ceal metatarsal. (See Dobson, Journ. Anat. Phys., 
vol. xvii.) 


SuBoRDER I. RODENTIA SIMPLICIDENTATA. 


Rodents with two incisors only in the upper jaw, having 
their enamel confined to their front surfaces. The incisive 
foramina are moderate and distinct; the fibula does not 
articulate with the os calcis; and the testes are abdominal, 
and descend periodically only into the inguinal canal. 


Section I. ScruRoMORPHA. 


Zygomatie arch slender, chiefly formed by the malar, 
which is not supported by along maxillary process extend- 
ing backwards beneath it; post-orbital processes present or 
absent ; infra-orbital opening small (except in Anomalurus) ; 
mandible with the angular part arising from the inferior 
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surface of the bony socket of the lower incisor: clavicles 
well-developed ; fibula distinct. 


Fie. 92.—Skull of Arctomys monaa. 


Family 1.. ANOMALURIDZ. 


Arboreal Rodents, having their limbs connected by a 
cutaneous expansion supported by a cartilaginous proc. ss 
arising from the olecranon ; with a long hairy tail haviug 
large scales on its inferior surface near its roots; with six- 
teen pairs of ribs, and without post-orbital processes of the 
frontals ; pm 4; molars not tuberculate, with transverse 
Ethiopian. 


enamel folds. 


Fic. 938.—Anomalurus fulgens (reduced). Alston, Proc. Zool. Soc., 1875, 


Anomalurus, with (?) five species from West Africa, alone 
represents the family. The peculiar caudal scales, which 
evidently assist the animal in climbing, and the position 
of the cartilaginous support of the parachute, are well 
shown in the above wood cut (fig. 93). 


Family 2. ScruRLDm 


Arboreal or terrestrial Rodents, with cylindrical hairy 
tails, without scales, and with twelve or thirteen pairs of 
ribs. Skull with distinct post-orbital procésses; infra-or- 
bital opening small; palate broad; pm 4; first upper pre- 
molar very small or deciduous; molars rooted, tubercular. 

Subfamily 1. Sciurinee.—Incisors compressed, form slen- 
der, tail long and hairy (True Squirrels). Cosmopolitan 
(excluding Australian region). 

There are four genera. Pteromys,—limbs united by a cu- 
taneous expansion forming a parachute, the supporting car- 
tilage of which springs from the carpus,—includes the 
Flying Squirrels of both hemispheres. Sciwrus, with more 
than eighty species, comprises the true Tree Squirrels. To 
this group also belong the Short-eared Squirrels of the 
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genera Xerus and Tamias; the first-named, distinguished 
from Sciwrus by possessing only two pairs of mammary teats, 
by the comparatively short tail, and by the fur being mixed 
with flattened spines, includes a few African species which 
live in burrows; Lamias, separated by the presence of large 
internal cheek-pouches, includes the well-known Ground 
Squirrels of North America, of which one species (7. asiati- 
cus) extends into North Europe and Asia. See SQUIRREL, 

Subfamily 2. Arctomyinze.—Incisors not compressed ; 
form stout ; tailshort (Marmots). Palearctic and Nearc- 
tic. 

Spermophilus, distinguished by its large cheek-pouches 
and by the absence or rudimentary condition of the pollex 
claw, resembles Tamias in the slender form of the body, and 
connects the Marmots with the true Squirrels. The distri- 
bution and habits of the species are similar to those of Ta- 
mias. Cynomys, with shallow cheek-pouches, long pollex 
claw and stout form, includes the well-known Prairie Dogs 
peculiar to North America, which live together in large com- 
munities, inhabiting burrows which they excavate at short 
distances apart; they feed on the buffalo-grass which covers 
the plains. The small burrowing Owl (Athene cunicularia) 
and the Rattlesnake are often found inhabiting their bur- 
rows, the former probably availing itself of the convenience 
of a ready-made habitation, the latter coming there to feed 
on the young Marmots. Arctomys, distinguished by its 
rudimentary pollex, includes the true Marmots. See Mar- 
MOT. 

Family 3. HAPLODONTIDZ. 


Terrestrial Rodents, distinguished from Sciuride by the 
absence of post-orbital processes, the depressed form of the 
skull, and the rootless molars. Premolars 7, the first upper 
one small. 

Haplydon, with H. rufus, from North America west of the 
Rocky Mountains, alone represents the family. The habits 
of the single species are similar to those of the Prairie Dog. 


Family 4. Castoripz&. 


Natatorial Rodents, with massive skulls, without post-or- 
bital processes, with mandibular angle rounded, and with 
semi-rooted or rootless molars with re-entering enamel 
folds ; pm 4. 

Castor, with one species only, C. fiber, the Beaver of the 
northern parts of Asia, Europe, and America. The upper 
molars are subequal, each with one internal and two exter- 
nal enamel folds; the stomach has a large glandular mass 
situated to the right of the esophageal orifice ; the anal and 
urethro-genital orifices open within a common cloaca; the 
tail is broad, horizontally flattened, and naked; and the 
hind feet are webbed. See BEAVER. 


Section II. MyomorpuHa. 


Zygomatic arch slender, the malar rarely extending far 
forwards, and usually supported below by the long zygo- 


= so. 


Fie. 94,—Skull of Fiber zibethicus, Natural size. 


matic process of the maxillary ; no post-orbital processes: 
infra-orbital opening variable; mandible with the angular 
part arising from the inferior surfacs of the bony socket of 


the lower incisor (except in Bathyergine); clavicles well- 


developed (except in Lophiomys) ; tibia and fibula united. 


Family 1. Myoxrp2. 


Arboreal Rodents, with long hairy tails, large eyes and 
ears, and short fore limbs. The intestine is without a 
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cecum ; the skull has contracted frontals; the infra-orbital 
foramen is moderate, high, and narrow ; and the mandible 
has a long and slender coronoid process. pm +; molars 
rooted, with transverse enamel plates. Palearctic and 
Ethiopian. 

There are four genera:—Myoxus, with M. glis of Europe, 
with bushy, distichous tail, simple stomach, and large 
molars with well-marked enamel folds; Muscardinus, with 
M. avellanarius, the common Dormouse, distinguished by the 
cylindrical bushy tail and thickened glandular walls of the 
cardiac extremity of the esophagus; DLliomys, with about 
six species, with tufted and distichous tail, simple stomach 
and smaller molar teeth with concave crowns and faintly 
marked enamel folds; and Graphiwrus, with two species, 
with short cylindrical tail ending in a pencil of hairs, and 
very small molars almost without trace of enamel folds. 
The Dormice form a very natural family, distinguished 
from all other Rodents by the absence of acecum. In their 
raph and forms they evidently closely approach the Squir- 
rels, 

Family 2. LoraiomMy1pz. 


Arboreal Rodents, with rudimentary clavicles and rooted 
tuberculate molars. Premolars none. Skull murine in 
form, but the temporal fossee are completely arched over by 
thin plates arising from the temporal ridge and malar bone. 
Intestine with a small cecum. 


Fic. 95.—Lophiomys imhausi (reduced). A, Milne-Edwards. 

Lophiomys, with L.imhausi (fig. 95)., alone represents the 
family. This very extraordinary species from northeast 
Africa differs from all other Rodents in the peculiar granu- 
lated plates which cover the temporal fosse, and from all 
the species of the section in the rudimentary condition of 
the clayicles as well as in the possession of an opposable 
hallux. The hair is very peculiar in structure, and forms 
a crest along the back and tail. For full description see A, 
Milne-Edwards, L’' Institut, xxxyv. p. 46. 


Family 3. Murip2. 


Rodents of various habit, but generally terrestrial; with 
contracted frontals, with the lower root of the maxillary 
zygomatic process more or less flattened into a perpendicu- 
lar plate; with a short and slender malar, generally reduced 
to a splint between the maxillary and squamosal processes ; 
with (in typical forms) a high, perpendicular infra-orbital 
foramen, wide above and narrow below; with compressed 
lower incisors and rooted or rootless molars, tuberculate 
or with angular enamel folds. Premolars none (except in 
Sminthine ; pollex rudimentary ; tail generally sub-naked 
and scaly. 

This large family includes more than one-third of all 
the species of Rodents, and is represented by thirty-five 
genera of cosmopolitan distribution, These fall into two 
sections corresponding to the rooted or rootless condition 
of the molars. 


I. Molars rooted. 


Subfamily 1, Sminthine.— Pm 4, m 3; infra-orbital 
opening subtriangular, widest below; incisive foramina 
long. : 

Sminthus, with one species, S. vag::s, a Rat-like Rodent in- 
habiting northern Asia and Europe. 

Subfamily 2. Hydromyinee. IM 3, divided into trans- 
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verse lobes; infra-orbital opening crescentic, scarcely nar- 
rowed above; incisive foramina very small. 

Hydromys, with two species from Australia, Tasmania, 
and New Guinea, includes the Water-Rats of the Australian 
region, with partially webbed toes, They are distinguished 
from all other Rodents by the small number of their 
molars. 

Subfamily 3. Platacanthomyine.—M 3, with trans- 
verse lamine ; fur mixed with flattened spines; tail dense- 
ly hairy. 

Platacanthomys, with P. lasiurus, a small Dormouse-like 
species from western India, inhabiting the rocky mountains 
of Travancore. 

Subfamily 4. Gerbillinze.—Incisors narrow, molars with 
transverse lamine; auditory bulle ossee usually large; 
hind limbs elongated; tail generally long and_ hairy. 
Palearctic, Indian, and Ethiopian. 

Gerbillus, with nearly fifty species, has a range coexten- 
sive with that of the subfamily. Pachyuromys is distin- 
guished by the enormous size of the auditory bulle, as well 
as by the short fleshy club-shaped tail. Mystromys, Otomys 
and Dasymys differ in the form of the molars, and are repre- 
sented by a few species, all from South Africa. 

Subfamily 5. Phleomyinz.—Incisors broad, molars 
with transverse lamine; claws large. Indian. 

Phlxomys, with P. cumingii from the Philippines, and 
Nesokia, with eight species widely distributed throughout 
the Indian Region. The latter (distinguished from the 
former genus by the short, subnaked, scaly tail) includes 
the Great Bandicoot Rat of India (N. bandicota). 

Subfamily 6. Dendromyinee.—Incisors convex in front, 
molars tuberculate; ears hairy; claws long. Ethiopian. 

Three genera, Dendromys, Steatomys, and Lophuromys, in- 
clude several species of small Mouse-like Rodents with the 
habits of Dormice generally, though some burrow in corn- 
fields. 

Subfamily 7. Cricetinee.—Molars tuberculate. 
internal cheek-pouches, Palearctic and Ethiopian. 

Of the three genera, Cricetus, Saccostomus, and Cricetomys, 
the last is distinguished from the others by the grooved 
upper incisors, while Saccostomus is separated from Cricetus 
by the tubercles of the molar teeth being arranged in 
threes. The cheek-pouches in Cricetus are very large, and 
their walls are connected with muscles arising from the 
Jumbar vertebrae. The best-known species is C. frumentarius. 
See HAMSTER. 

Subfamily 8. Murinze.—Molars tuberculate, at least in 
youth. Cheek-pouches absent. Tail scaly, more or less 
naked. Cosmopolitan. 

This includes the typical murine forms, divided into 
fifteen genera with over three hundred species, of which 
nearly half, however, are contained in the genus Mus. M. 
decumanus, the common Gray Rat, and M. musculus (see 
Mousk) are familiar examples which have been introduced 
in ships into almost every part of the habitable world. In 
Acomys the skull and teeth are as in Mus, but the fur is 
mixed with sharp flattened spines. A. dimidiatus presents 
the appearance of a little Hedgehog when its spines are 
erected; it inhabits the stony deserts of Arabia Petreea 
and Palestine, and feeds on bulbs. Lchiothrix, Uromys, and 
Hapalotis, the latter with about a dozen species, are limited 
to the Australian region. Brachytarsomys, Nesomys, Hallo- 
mys, and Hypogeomys, each with one or two species, are 
peculiar to Madagascar, where they alone represent the 
order. Drymomys, Holocheilus, Ochetodon, and Hesperomys are 
New-World genera, the last-named including many species 
representing the Old-World Mice, but distinguished by the 
indenting enamel folds of the molars. Of the remaining 
genera, Reithrodon, with grooved incisors, includes two very 
remarkable Rabbit-like species, one inhabiting Patagonia, 
the other Tierra del Fuego. 


Large 


II. Molars Semi-Rooted or Rootless. 


Subfamily 9. Arvicolinze.—Molars composed of tri- 
angular prisms placed alternately; limbs moderate; tail 
moderate or short, hairy. Palearctic and Nearctic. 

Arvicola, with over thirty species, includes the Voles, of 
which the Field- Vole (A. agrestis) and the Water-Vole (A. 
amphibius) are well-known examples (see VOLE). Myodes, 
distinguished by the hairy foot-sole, includes two species, 
of which M.lemmus, of the Scandinavian Peninsula, is re- 
markable for its extraordinary migrations (see LEMMING). 
Fiber is represented by a single large species F. zibethicus 
(see fig. 94), the Musk-Rat or Musquash, a Beaver-like 
Water-Rat with webbed toes, but a laterally flattened tail, 
inhabiting the banks of rivers and lakes in North America, 
and constructing dome-roofed dwellings like those of the 
Beaver; it is much hunted for its fur. 
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Subfamily 10. Siphneinze.—Molars as in Arvicoline , 
form cylindrical; ear-conch rudimentary; limbs and tail 
very short. Palearctic. 

Lllobius, with short claws, connects the species of this 
subfamily of fossorial Mole-like Rodents with the Arvicoline. 
Stphneus, on the other hand, leads to the next family, which 
includes the true Mole-Rats; the species, which chiefly in- 
habit northern Asia, closely resemble the Golden Moles 
(Chrysochloris) in general form and in the great develop- 
ment of the claws of the fore feet (compare fig. 96 with fig. 
64, p. 409). 


Family 4. SPALACID A. 


Rodent Moles, with very small or rudimentary eyes and 
ear-conchs, large claws, and short or rudimentary tail. 
Form cylindrical. Incisors large; molars rooted, with re- 
entering enamel folds; palate narrow. 

Subfamily 1. Spalacineze.—Angular part of the mandible 
arising from the lower edge of the socket of the lower 
incisor. Palearctic, Indian, and Ethiopian. 

Spalax, with 8S. typhlus of southeast Europe, agrees with 
the insectivorous Golden Moles in the complete external 
absence of the eye, which is covered by the hairy skin, 
showing similar adaptive modification in widely removed 


Fia. 96.—Siphneus armandii (reduced). A. Milne-Edwards, 
Mammif. Tibet. 


species. In Rhizomys, including several species from China, 
Tibet, Malay Peninsula, and eastern Africa, the eye is very 
small. 

Subfamily 2. Bathyerginee.—Angular part of the man- 
dible arising from the side of the socket of the lower 
incisor. Ethiopian. 

Bathyergus, with B. maritimus, the Great Rodent-Mole, 
inhabiting the sand-dunes along the coast in the vicinity 
of the Cape of Good Hope, is distinguished chiefly by its 
grooved incisors from the other species included in the 
genera Georychus and Heliophobius, the former with several, 
the latter with one species, and differing from both in the 
presence of two or three premolars. 


Family 5. GEOMYID2. 


Terrestrial or fossorial Rodents, with large cheek-pouches 
opening on the cheeks outside the mouth. The squamosal 
bones are much expanded,and the malars extend forwards 
to thelachrymals. Pm +; molars rooted or rootless. Nearctic 
and Neotropical. 

Subfamily 1. Geomyinze.—Incisors broad ; mastoid not 
appearing on the top of the skull; eyes small; ear-conch 
rudimentary; limbs short, subequal. Fossorial. 

Geomys bursarius, the common Pouched Rat of North 
America, with deeply-grooved incisors, inhabits the plains 
of the Mississippi, living in burrows like the Mole. Four 
other species from the Southern States, Mexico, and Central 
America are recognized. Thomomys talpoides, with plain 
incisors, extends all over Canada and North America west 
of the Rocky Mountains. 

Subfamily 2, Heteromyinze.—Incisors narrow ; mastoid 
appearing largely on the top of the skull; eyes and 
ears moderate or large; hind limbs and tail elongated. 
Terrestrial. 

Dipodomys has the molars rootless; D. phillipsi is the 
Kangaroo-Rat of the desert regions east of the Rocky 
Mountains. Perognathusand Heteromys have rooted molars ; 
the latter genus is distinguished by the presence of flattened 
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spines among the fur, with species extending into South 
America, 


Family 6. Dipopipa. 


Terrestrial leaping Rodents, of slender form, with elon- 
gated hind limbs. The incisors are compressed, the molars 
have transverse enamel folds, the infra-orbital opening is 
rounded and very large, the malar ascends in front to the 
lachrymal in a flattened perpendicular plate (see fig. 89, p. 
420), and the mastoid part of the auditory bulla is usually 
greatly developed. 

Subfamily 1. Zapodinz.-—Molars rooted ; cervical ver- 
tebre free; metatarsals separate; hind feet with five digits. 
Nearctic. 

Zapus hudsonius, the American Jumping-Mouse, extends 
over almost the whole North-American continent from 
Labrador to Mexico. 

Subfamily 2. Dipodinz.—Molars rooted; cervical ver- 
tebre more or less ankylosed; metatarsals united; hind 
feet with three functional digits only. Palearctic and 
Ethiopian. 

This includes the true Jerboas. It contains three genera; 
Dipus with three toes, and Alactaga and Platycercomys with 
five, the last-named distinguished by the total absence of 
premolars, comprising many species extending from Siberia 
to Nubia. 

Subfamily 3. Pedetinze.—Molars rootless; cervical ver- | 
tebre free; metatarsals separate; hind feet with four | 
digits. Ethiopian. 

Pedetes caffer, the Cape Jumping Hare, by far the largest | 
species of the family, extends from Mozambique and Angola 
to the Cape of Good Hope. See JERBOA, 


Section III, HysrricomorpHa. 


Zygomatic arch stout; malar not supported below by a 
continuation of the maxillary zygomatic process; infra- | 
orbital opening large; mandible with the angular part | 


Fra. 97.—Skull of Hydrocherus capybara (reduced). 


arising from the outer side of the bony socket of the lower | 
incisor; clavicles perfect or imperfect; fibula distinct. 


Family 1. OCTODONTID&. 


Terrestrial, rarely fossorial or natatorial Rodents, with 
perfect clavicles and long incisive foramina extending into | 
the maxillaries. Malar with an inferior angle; molars with 
external and internal enamel folds; mammary teats placed 
high on the sides of the body. 

Subfamily 1. Ctenodactylinze.—Molars semi-rooted ; 
malar as in Dipodidez ; the two inner toes of the hind feet 
with a horny comb and rigid bristles. Ethiopian, 

Ctenodactylus gundi and Pectinator spekei, both. from North 
Africa, alone represent the subfamily; the peculiar comb-_ 
like inner toes are used in dressing the soft fur. 

Subfamily 2. Octodontinze.—Molars semi-rooted or 
rootless, with simple enamel folds; fur soft. Ethiopian and 
Neotropical. 

There are six genera, including several species of Rat- 
like Rodents. Octodon cumingti, common in Chili and Peru, | 
about the size of a Rat, lives like Rabbits in large com- 
munities. Petromys typicus is the only African repre- 
sentative. 

Subfamily 3. Hchiomyinze-—Molars semi-rooted or 
rooted, with deep, curved enamel folds; fur more or less 


| 
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harsh, often mixed with spines. Neotropical and Ethiopian. 
Aulacodus, with A. swinderianus, the Ground-Rat of west- 


425 


ern Africa; the remaining nine genera are all Neotropical. 
Of these Myopotamus includes M. coypu, about 2 feet in 
length, the largest species of the family, common in South 
America, living in burrows near water, and feeding on 
aquatic plants. Capromys pilorides, nearly as large, is arbo- 
real in habits, and inhabits Cubaand Hayti, where it is the 
largest indigenous mammal; the species of this genus are 
remarkable for the manner in which the liver is divided 
into minutelobules. Plagiodontia edium is peculiar to Hayti 
and Jamaica, and in the latter island (besides Bats and 
Mice, the latter probably introduced) appears to be the only 
indigenous mammal. In Loncheres and Echinomys most of 
the species have the fur mixed with flattened lanceolate 
spines. 


Family 2. HysTricipz. 


Terrestrial or arboreal Rodents, of stout form, with sub- 
equal limbs and more or less spiny integument. Malar 
without an inferior angle; the facial part of the skull 
short and broad; molars with external and internal enamel 
folds. 

Subfamily 1. Spingurinee.—Molars rooted; clayicles 
perfect ; soles of feet tuberculated; teats four; tail generally 
prehensile. Arboreal. Nearctic and Neotropical. 

There are three genera, including several species. Of 
these Frethizon dorsatus, the Urson, is distributed all over 
the forest regions of North America ; Synetheres (= Cercolabes) 
prehensilis, the well-known prehensile-tailed Porcupine of 
South America (fig. 98), has the whole upper surface of the 
body protected by long white-tipped spines; Chietomys sub- 
spinosus is clothed with strong wavy bristles; in the last 
two genera the feet have four digits only. 

Subfamily 2. Hystricinze.—Molars semi-rooted ; clavi- 
eles imperfect ; soles of the feet smooth; teats six; tail not 
prehensile. Terrestrial. Palearctic, Indian and Ethio- 
pian. 

* Hystrix cristata, the Common Poreupine of southern Europe 
and northern Africa, is typical of this genus, which in- 


Fie. 98.—Synetheres prehensilis. 


cludes several other species from the Indian region. The 
spines are cylindrical, the tail short and covered with spines 
and slender stalked open quills. In Atherura fasciculata of 
the Malay Peninsula the spines are flattened, and the tail 
is long and scaly, with a tuft of compressed bristles. A 
closely allied species, A. africana, inhabits western Africa. 
See PORCUPINE. 


Family 3. CHINCHILLID A. 


Terrestrial Rodents, with elongated hind limbs, bushy 
tails, very soft fur, and perfect clavicles. The malar is 
without an inferior angle, and extends forwards to the 
lachrymal; the palate is contracted in front and deeply 
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emarginate behind; the incisors are short, and the molars 
divided by continuous folds into transverse laminze. Neo- 
tropical. 

This small family includes only three species, divided 
into as many genera. Chinchilla lanigera and Lagidiwm per- 
uanum are restricted to the alpine zones of the Andes from 
the northern boundary of Peru to the southern parts of 
Chili, and Lagostomus trichodactylus, the Viscacha, to the 
pampas from the Uruguay river to the Rio Negro. In 
Chinchilla the fore feet have five and the hind four 
digits, the tail is long and bushy, and the auditory bulle 
are enormous, appearing on the top of the skull; Lagidiwm 
has four digits in both fore and hind feet, and Lagostomus 
three only in the hind feet, while the auditory bulle are 
much smaller. See CHINCHILLA. 


Family 4. DASYPROCTID®, 


Terrestrial Rodents with subequal limbs, hoof-like claws, 
short or obsolete tail, and rudimentary clavicles. Mandibu- 
lar masseteric ridge obsolete; palate broad; incisors Jong ; 
molars semi-rooted, with external and internal enamel 
folds. Neotropical. 

With two genera :—Dasyprocta, including several species 
of slender-limbed, subungulate Rodents with three hind 
toes, inhabiting Central and South America, one (D. cristata) 
extending into the West-Indian Islands; and Celogenys, 
with five hind toes, remarkable for the extraordinary 
development of its zygomatic arches, which are enormously 
expanded vertically, forming great convex bony capsules 
on the sides of the face, enclosing on each side a large 
cavity lined with mucous membrane internally, and com- 
municating by a small opening with the mouth; C. paca is 
about 2 feet long, and, like the species of Dasyprocta, lives 
generally in the forests or along the banks of rivers. 


Family 5. DINOMYIDA. 


* 

Terrestrial Rodents, distinguished from Dasyproctide by 
the cleft upper lip and rather long and bushy tail, and by 
the presence of four digits in the fore and hind feet. The 
manubrium is broad; the optic foramina are confluent, the 
incisors broad and the molars rootless, with folds dividing 
them into transverse lobes. 

This family includes but a single species, Dinomys bra- 
nickvi, known only from a single specimen obtained in Peru, 
which resembles Celogenys puca in the general form of its 
body and in size. It is regarded by its describer, Professor 
Peters, as a connecting link between the families Octodon- 
tide, Chinchillide, Dasyproctide, and Caviide. 


Family 6. CAVIIDz&. 


Terrestrial or natatorial Rodents, with short incisors, 
strong mandibular masseteric ridges, long and curved par- 
occipitals, and palate contracted in front. Fore feet with 
four digits, hind feet with three ; clavicles imperfect ; mo- 
lars divided by enamel folds into transverse lobes; milk 
teeth shed before birth. Other characters as in Dasyprocti- 
dx. Neotropical. 

Cavia, limbs and ears short, subequal, tail none, includes 
several species widely distributed throughout South Ameri- 
ca, extending even to the Straits of Magellan, from one of 
which (C. aperea, probably) the common Guinea-Pig is de- 
rived. Dolichotis has the limbs and ears long, tail very 
short, with D. patagonica, a large species, nearly 3 feet long, 
inhabiting the gravelly plains of Patagonia. The palate is 
so much contracted in front that the premolars of opposite 
sides touch by their antero-internal edges. Hydrocherus, 
with all the feet fully webbed, also includes a single spe- 
cies, which is the largest of living Rodents. The skull (fig. 
97) is distinguished, not only by its great size, but also by 
the enormous development of the paroccipital processes. 
See Cavy and CAPYBARA, 


SUBORDER II. RODENTIA DUPLICIDENTATA. 


Rodents with four incisors in the upper jaw (two of them 
very small, and placed directly behind the large middle 
pair), the enamel of which extends round to their posterior 
surfaces. At birth there are six of these incisors, but the 
outer one on each side is soon lost. The incisive foramina 
are large and usually confluent; the bony palate is very 
narrow from before backwards; there is no true alisphenoid 
canal; the fibula is ankylosed to the tibia, and articulates 
with the os calcis; and the testes are permanently exter- 
nal. 


Section IV. LAGomoRPHA. 


Characters those of the suborder. 
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Family 1. LAGomMy1p2m, 


Terrestrial Rodents, with complete clavicles, subequal 
limbs, no external tail, and short ears. Skull depressed, 
frontals contracted and without post-orbital processes ; pm 
+ or $; molars rootless, with transverse enamel folds, Pal- 
eearctic and Nearctic. 

Lagomys, with about a dozen species of small Guinea-Pig- 
like animals, inhabiting chiefly the mountainous parts of 
northern Asia (from 11,000 to 14,000 feet), one species only 
being known from southeast Europe and one from the 
Rocky Mountains. 


Family 2. Leroripz. 


Terrestrial Rodents, with imperfect clavicles, elongated 
hind limbs, short recurved tail, and long ears. Skull com- 


Fia. 99.—Skull of Lepus timidus. 


pressed, frontals with large wing-shaped post-orbital pro- 
cesses (fig. 99); pm 3; molars as in Lagomyidse. Cosmopoli- 
tan (except Australasia). 

Lepus includes about twenty species, which all resemble 
one another in general external characters. In all the fore 
limbs have five and the hind only four digits, and the soles 
of the feet are densely clothed with hairs similar to those 
covering the legs; the inner surface of the cheeks also is 
hairy. Although the family has such a wide distribution, 
the greater number of the species are restricted to the Pal- 
eearctic and Nearctic regions, and a single species only (L. 
brasiliensis) extends into South America, See HARE and 
RABBIT. 


Fosstt RopENTIA. 


Fossil representatives of all the above-defined families, 
with the exception only of the small groups included under 
Anomaluride, Haplodontide, Lophiomyide, Spalacide, and 
Dinomyidez, have been described from various deposits. Of 
these the earliest have been found in the Upper Eocene of 
Europe and America, and belong to the family Sciwride, of 
which the genera Colonomys, Taxymys, Tillomys, Paramys, 
Heliscomys, and Mysyops have been characterized from the 
Eocene of North America, and Plesiarctomys from that of 
both America and France, while examples of even the 
recent genus Sciwrus have been found in beds of the same 
age in the latter country. Other recent families have 
representatives in later deposits, as Castoride with Steneo- 
Jjiber and Paleomys from the Miocene of Europe and North 
America, Trogonotherium from that of India, Chalicomys from 
that of Germany, and Lucastor from North America, 
Myoxide with Myoxus and Muride with Llomys, Decticus, 
Oreomys, and Cricetodon from the European Miocene, Hystri- 
cide with DPrethizon extending back to the Miocene of 
India, Geomyide with Entoptychus and Plewrolicus and Dasy- 
proctide with Paciculus from the Miocene of North America, 
Lagomyide with Titanomys and Myolagus from the European 
Miocene, and Leporide with Palzxolagus from corresponding 
North American beds. Later Tertiary strata have yielded 
Rodent remains more abundantly ; many of them referable 
to recent genera, or even closely allied to or undistinguish- 
able from existing species, have been described from 
Brazilian bone-caves. 

Besides those referable to existing families, several fossil 
remains have been discovered which cannot be so classed. 
These have been included in three families: — Ischro- 
myide with Pseudotomus from the Eocene, and Ischromys 
and Gymnoptychus from the Miocene of North America; 
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Theridomyide with Theridomys extending from the Eo- 
cene to the Pliocene of France, and Archeomys, Issidio- 
romys, and Dipoides from the Miocene; and Castoroidide 
with Castoroides from post-Pliocene deposits of North 
America, and Amblyrhiza and Loxomylus from the bone- 
breccias of the island of Anguilla. The first-named family 
appears tobe intermediate between the Sciwridw and Cus- 
toridx ; the second is allied to Geomyide and Dipodide ; and 
the last, connected with Chinchillide, includes Castoroides 
ohioensis, a species vastly exceeding in size the largest of ex- 
isting Rodents. A fourth family, Mesothertide, including a 
single fossil form, Mesotherium cristatum, also of large size, 
from the Pliocene of South America, has been referred to 
this order, but it is evident that an animal which, besides 
presenting many other structural differences, possesses four 
lower incisors completely surrounded by enamel, and in 
which the mandibular condyle is transversely extended 
and the maxillaries articulate freely with the nasals, can- 
not be considered as coming under the definition of a Ro- 
dent, 

Thus, like the Insectivora and Chiroptera, fossil remains 
of Rodentia are found as far back as the Eocene period, and 
of these some are even referable to one or more recent gene- 
ra, and differ but slightly from existing species, while all 
others are either capable of being classed in recent families 
or are more or less closely related to them. It follows 
therefore (if the age of the beds in which these remains 
were found has been correctly determined) that, as in the 
case of these orders also, the first appearance of true Ro- 
dents must be sought for much farther back in time, and 
the question of their descent must be deferred till the dis- 
covery of sufficient material admits of reliable generaliza- 
tions. 

eee enhy of Rodentia,—G. R. Waterhouse, ‘ Observations on 
the Rodentia,” Mag. Nat. Hist., iii. (1839); Id., Ann. Nat. Hist., 
viii. and x. (1839-42); Id., “On the Geographical Distribution of 
the Rodentia,” Proe. Zool. Soc., 1839, pp. 162-174; Id., Natural His- 
tory of the Mammalia, vol. ii., “Rodentia” (1848); Gervais, Dict, 
Univ. d' Hist. Nat., xi. p. 202 (1848); Brandt, “ Untersuchungen 
uber die craniologischen Entwickelungsstufen und Classification 
der Nager der Jetzwelt,” Mém. de U Acad. Imper. de St. Pétersbourg 
(1855); Lilljeborg, Systematisk CUifversight af de Gnagande Diiggdju- 
ren, Upsala, 1866; Alston, “On the Classification of the Grier 
Glires,” Proc. Zool. Soc., 1876, pp. 61-98: Trouessart, Catal. de 
Rongeurs, Vivants et Fossiles,” Bullet. Soc. d’ Btudes Scient. d' An- 
gers, 1880-1; various papers by Peters in Monatsb, Akad, Wissensch, 
‘Berlin, and by Alston, Anderson, Blandford, A. Milne-Edwards, 
Thomas, and others, in Proc. Zool. Soc., Jour. Asiat. Soc, Beng., 
Ann. Mag. Nat, Hist., ete. 

{For the above sections on the Insectivora, Chiroptera, and 
Rodentia we are indebted to Dr. G. E. Dobson. ] 


Orper UNGULATA. 


Under this term may be included provisionally a 
large and rather heterogeneous group of mammals, 
the existing members of which form the Pecora and 
Bellue of Linneeus, the Ruminantia and Pachyder- 
mata of Cuvier. A few years ago it was found con- 
venient to restrict the order to a well-marked and 
distinctly circumscribed group, comprising the two 
sections known as Pertssodactyla and Artiodactyla, 
and to leave out such isolated forms as the Hlephant 
and Hyrax; but the discovery of a vast number of 
extinct species, which could not be brought under the 
definition of either Perissodactyle or Artiodactyle Un- 
gulates, and yet are evidently allied to both, and which 
to a certain extent bridge over the interval between 
these and the isolated groups just mentioned, makes it 
necessary either to introduce a number of new and ill- 
defined ordinal divisions, or to widen the scope of the 
original order so as to embrace them all. 

hey are all animals eminently adapted for a terres- 
trial life, and in the main fora vegetable diet. Though 
a few are more or less omnivorous, and may under 
some circumstances kill living creatures smaller and 
weaker than themselves for food, none are distinctly 
and habitually predaceous. Their teeth are markedly 
heterodont ae diphyodont,—the milk set being well 
developed and not completely changed until the animal 
attains its full stature. ‘The molars have broad crowns 
with tuberculated or ridged surfaces. They have no 
clavicles. Their toes are provided with blunt, broad 
nails, or in the majority of cases with hoofs, more or 
Jess inclosing the ungual phalanges. The scaphoid 
and lunar bones of the carpus are always distinct. 


The whole group may be divided into the Ungulata | 


MAMMALIA, 


427 


Vera, containing the suborders Perissodactyla and Ar- 
tiodactyla, and a less well-known assemblage of ani- 
mals which may 
be called Sub- 
ungulata or Un- 
gulata Polydac- 
tyla. Cope has 
pointed out a 
character in the 
structure of 
the carpus by 
which the latter 
are differentia- 
ted from the for- 
mer. In all 
the  Subungu- 
luta the bones 
of the proxi- 
mal and distal 
row retain the 
primitive or 
more typical re- 


lation to each 
other (see fig. 
100). The os 


magnum of the 
second row ar- 
ticulates mainly 
with the lunar 
of the first, or 
with the cunel- 
form, but not with the scaphoid, while in the group 
to which the vast majority of modern Ungulates be- 
long the second or distal row has been shifted altogether 
towards the inner side of the limb (see figs. 107 and 
109), so that the magnum is brought considerably in 
relation with the scaphoid, and is entirely removed 
from the cuneiform, as in the great majority of exist- 
ing mammals. 


Fie, 100.—Right Fore Foot of Indian Ele- 
hant, x 4. U, ulna; R, radius; c, cunei- 
form; /, lunar; sc, scaphoid; wu, unciform ; 
m, Iagnurm ; td, ct a tm, trapezium ; 
I to V, first to fifth digit, 


SUBUNGULATA. 


By far the greater number of the Subungulata are 
extinct, and of many of those whose former existence 
has been revealed, chiefly by the labors of the Amer- 
ican paleontologists, our knowledge is at present neces- 
sarily imperfect, though daily extending. It will only 
be possible here to give any details of some of the 
more interesting or best known forms. 


Sunorper HYRACOIDEA. 


This division is constituted to receive a single family 
of mammals, the affinities of which have long consti- 
tuted a puzzle to zoologists. They were first placed 
among the Rodents, to which animals their small size 


and general appearance and habits give them 
: : aeN es ! 
much superficial resemblance. Cuvier’s  investi- 


gations into their anatomical structure, and es- 
pecially their dental characters, led him to place 
them among the Ungulates, near the genus Jhi- 
noceros, a position still accepted by many zoologists. 
Further knowledge of their organization and mode of 
development has caused Milne-Mdwards, Huxley, and 
others to disassociate them from this connection, and, 
failing to find any agreement with any other known 
forms, to place them ina group entirely apart. Palee- 
ontology has thrown no light upon the affinities of 
this anomalous and isolated group, as no extinct ani- 
mals possessing their distinctive characters have as yet 
been discovered. 

The dentition consists only of incisors and molars, 
the formula in all known species being 7 4, ¢ 8, p 4, m 
3, The upper incisors have persistent pulps, and are 
curved longitudinally, forming a semicircle as in Ro- 
dents. They are, however, not flattened from before 
backwards as in that order, but prismatic, with an an- 
tero-external, an antero-internal, and a posterior sur- 
face, the first two only being covered with enamel ; 
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their apices are consequently not chisel-shaped, but 
sharp-pointed. They are preceded by functional, 
rooted milk teeth. The lower incisors have long 
tapering roots, but not of persistent growth. They 
are straight, procumbent, with awl-shaped, trilobed 
crowns. Behind the incisors is a considerable dia- 
stema or interval. he molars and premolars are all 
contiguous, and formed almost exactly on the pattern 
of some of the Perissodactyle Ungulates. The hyoid 
arch is unlike that of any known mammal. ‘The dor 
sal and lumbar vertebrae are very numerous, 28 to 30, 
of which 21 or 22 bear ribs. The tail is extremely 
short. ‘There are no clavicles. In the fore foot, the 
three middle toes are subequally developed, the fifth 
is present but smaller, and the hallux is rudimentary, 
although, in one species at least, all its normal bones 
are present. ‘he ungual phalanges of the four outer 
digits are small, somewhat conical, and flattened in 
form. The carpus has a distinct os centrale. ‘There 
is a slight ridge on the femur in the place of a third 
trochanter. The fibula is complete, thickest at. its 


upper end, where it generally ankyloses with the tibia. 


Fira. 101.—Skull and Dentition of Dendrohyrax dorsalis. X 3. 


The articulation between the tibia and astragalus is 
more complex than in other mammals, the end of the 
malleolus entering into it. The hind foot is very like 
that of Rhinoceros, having three well-developed toes. 
There is no trace of a hallux, and the fifth metatarsal 
is represented by a small nodule only. The ungual 
phalanx of the inner (or second) digit is deeply cleft, 
and has a peculiar long curved claw, the others haying 
short broad nails. The stomach is formed upon much 
the same principle as that of the Horse or Rhinoceros, 
but is more elongated transversely and divided by a 
constriction into two cavities—a large left en/-de-sac, 
lined by a very dense white epithelium, and a right 
pyloric cavity, with a very thick, soft, vascular lining. 
The intestinal canal is long, and has an arrangement 
perfectly unique among mammals, indeed among ver- 
tebrated animals, for, in addition to the ordinary short, 
but capacious and sacculated caecum at the commence- 
ment of the colon, there is, lower down, an additional 
pair of large, conical, pointed caeca. The liver is much 
subdivided, and there is no gall-bladder. The brain 
resembles that of the typical Ungulates far more than 
the Rodents. The testes are permanently abdominal. 
The ureters open into the fundus of the bladder as in 
some Rodents. The female has six teats, of which 
four are inguinal and two axillary, and the placenta 
is zonary, as in the Elephant and Carnivora. 


There are two distinct forms of Hyrax, differing both in 
structure and habits, and which may well be accorded 
generic rank. 

1. Hyrax.—Molar teeth haying the same pattern as those 
of Rhinoceros. Interval between upper incisors less than 
the width of the teeth. Lower incisors slightly notched at 
the cutting edge. Vertebre: C7, D 22,L8,86,C6. Of 
this form the earliest known species, H. capensis, is the 
type. There are several other species, as H. syriacus and 
habessinicus, from eastern Africa and Syria. They inhabit 
mountainous and rocky regions, and live on the ground. 

.. 2. Dendrohyrax.—Molar teeth having the same pattern 
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as Palzotherium (except that the third lower molar has but 
two lobes). Interval between upper incisors exceeding the 
width of the teeth. Lower incisors with very distinctly 
trilobed crowns. Vertebre: C7, D21,L7,85,C10. The 
members of this section frequent the trunks and large 
branches of trees, sleeping in holes. There are several 
species, not distinctly defined, from western and south 
Africa, as D. arboreus and D. dorsalis. The members of both 
groups appear to have a power like that possessed by the 
Lizards called Geckos of clinging to vertical surfaces of 
rocks and trees by the soles of their feet. See HyRax. 

The anatomy of Hyrax was first described by Pallas (Spicilegia 
Zoologica). Besides minor memoirs, two very detailed accounts ~ 
of its structure have recently appeared—one by Brandt, in Mém. 
Acad, Nat, Scien. St. Pétersbourg, series vii. vol. xiv., No. 2, 1869; 
and another by George, in Annales des Sciences Natwrelles, series vi. 
tom. i., 1874, in which references to all the previous literature will 
be found. The mechanism by which the sole of the foot is en- 
abled to adhere to smooth surfaces is fully described by G. E. 
Dobson, Proc. Zool. Soc., 1876, p. 526. 


SuBporDER PROBOSCIDIA. 


This name has been appropriated to a well-marked 
group of animals, presenting some very anomalous 
characters, allied in many respects to the Ungulata, 
but belonging neither to the Artiodactyle nor Perisso- 
dactyle type of that order. It has been thought that 
they possess some, though certainly not very close, 
athinities with the Rodentia, and also with the Sirenia. 
Itis certain, however, that the two species of Elephant 
which are the sole living representatives of the group, 
stand quite alone among existing mammals, differing 
widely from all others in many points of their struc- 
ture. In some respects, as the skull, proboscis, and 
dentition, they are highly specialized, but in others, 
as in the presence of two anterior vense cayee, and in 
the structure of the limbs, they retain a low or 
A considerable series of extinct 
forms, extending back through the Pliocene and Mio- 
cene epochs, show the same type under different modi- 
fications, and in still more generalized outlines; and 
certain recently discovered forms from the Hocene of 
North America, if their affinities are rightly interpreted, 
appear to link the true Proboscidea to some unknown 
primitive type of Perissodactyle Ungulata. 

The following are the principal characters common 
to existing, and, by inference, to the extinct, Probos- . 
cidea. The nose extended into a long, muscular, very 
flexible and prehensile proboscis, at the end of which 
the nostrils are situated, and from which the name 
given to the group is derived. The teeth consisting of 
ever-growing incisors of very great size, but never ex- 
ceeding one pair in each jaw, and often present in one 
jaw only; no canines; large and transversely ridged 
molars. No clavicles. Limbs strong, the upper seg- 
ment, especially in the hind limb, the longest. Radius 
and ulna distinct, the latter articulating extensively 
with the carpus. Fibulaand tibia distinct. Astragalus 
very flat on both surfaces. Manus and pes short, 
broad, and massive, each with five toes, though the 
outer pair may be more or less rudimentary, all en- 
cased in a common integument, though with distinct, 
broad, short, hoofs. Third digit the largest. ‘Two 
anterior vene cave entering the right auricle. 
Stomach simple. A capacious cecum. ‘Testes per- 
manently abdominal. terus bicornuate. Placenta 
non-deciduate and zonary. Mammee two, pectoral. 

With regard to the teeth, the incisors,’ which project 
largely out of the mouth, and are commonly called 
‘“‘tusks,’’ are of an elongated conical form, and 
generally curved. They are composed mainly of 
solid dentine, the fine elastic quality and large 
mass of which renders it invaluable as ‘‘ivory”’ 
for commerce and the arts. A peculiarity 
of the dentine of the Proboscidea is that it 

1 These teeth are by some writers classed as canines, as their 
roots are implanted in the maxille: but, as in Rodents, they are 
originally developed in the gum covering the premaxill, in 
which bones their primitive alveoli are sunk. As growth pro- 
ceeds, however, firm support for such massive and weighty Beales 
ean only be obtained by their roots gradually sinking through 
the premaxille into the great and specially modified alveolar 


processes of the maxiilee, but this does not vitiate their homology 
with the incisors of other mammals, : 
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shows, in transverse fractures or sections, striae pro- 
ceeding in the are of a circle from the centre to the 
circumference in opposite directions, and forming by 
their decussations curvilinear lozenges, as in the ‘‘ en- 
gine-turning’’ of the case of a watch. The enamel 


covering in existing species is confined to the extreme 
apex, and very soon wears off, but in some extinct 
species it forms persistent longitudinal bands of limited 


Fre. 102.—Longitudinal Sections of the Crown of a Molar Tooth of 
yarious Proboscideans, showing stages in the gradual modifica- 
tion from the simple to the complex form. I, Mastodon ohioticus ; 
Il, Stegodon insignis; III, Loxodon africanus; LV, Elephas primi- 
genius, The dentine is indicated by transverse lines, the cemen- 
tum by a dotted surface, and the enamel is black. 


breadth. The tusks have small milk predecessors, shed 
at an early age. 

The molar teeth present a remarkable series of modi- 
fications from the comparatively simple form in Dino- 
therium, with two or brea strongly pronounced trans- 
verse ridges and a normal mode of succession, to the 
extremely complex structure and anomalous mode of 
replacement found in the true Elephants. The interme- 
diate conditions occur in the various species of Mas- 
todon. Inthis genus the enamel-covered transverse 
ridges of each tooth are generally more numerous 
than in Dinctherium, and often complicated by 
notches dividing their edge or by accessory columns at- 
tached to them, but in the unworn tooth they stand out 
freely on the surface of the crown, with deep valleys be- 
tween (fig. 102, 1). In the Elephants the ridges are still 
further increased in number, and consequently nar- 

_rower from before backwards, and are greatly extended 
in vertical height, so that, in order to give solidity to 
what would otherwise be a laminated or pectinated 
tooth, it becomes necessary to envelop and unite the 
whole in a large mass of cementum, which completely 
fills up the valleys, and gives a general smooth appear- 
ance to the organ when unworn; but as the wear eon- 
sequent upon the masticating process proceeds, the al- 
ternate layers of tissue of different hardness—cemen- 
tum, dentine, and enamel—which are disclosed upon 
the surface form a fine and very efficient triturating in- 
strument. The modification of the tooth of a Mastodon 
into that of an Elephant is therefore precisely the same 
in principle as that of the molar of a Palzotherium 
into that of a Horse (see vol. xii. p. 177), or of the 
corresponding tooth of one of the primitive Artio- 
dactyles into that of an Ox. The intermediate stages, 
moreover, even in the present state of our knowledge, 
are so numerous that it is not possible to draw a definite 
line between the two types of tooth structure (see fig. 
FO2a01, 111; TV). 
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As regards the mode of succession, that of modern 
Elephants is, as before mentioned, very peculiar. Dur- 
ing the complete lifetime of the animal there are but 
six molar teeth on each side of each jaw, with occasion- 
ally a rudimentary one in front completing the typical 
number of seven. The last three represent the true 
molars of ordinary mammals; those in front appear to 
bemilk molars, which are never replaced by permanent 
successors, but the whole series gradually moves for- 
wards in the jaw, and the teeth become worn away 
and their remnants cast out in front, while development 
of others proceeds behind. The individual teeth are 
so large, and the processes of growth and destruction by 
wear take place so slowly, that not more than one, or 
portions of two, teeth are ever in place and in use on 
each side of each jaw at one time, and the whole series 
of changes coincides with the usual duration of the 
animal’s life. On the other hand, the Dinotherium, 
the opposite extreme of the Proboscidean series, has 
the whole of the molar teeth in place and use at one 
time, and the milk molars are vertically displaced by 
premolars in the ordinary fashion. Among Masto- 
dons transitional forms occur in the mode of succession 
as well as instructure, many species showing a vertical 
displacement of one or more of the milk molars, and 
the same has been observed in one extinct species of 
Elephant (4. planifrons) as regards ‘the posterior of 
these teeth. 

All known Proboscideans are animals of large dimen- 


| sions, and some are the most colossal of Jand mammals. 


; ae Le : A 
The head is of great proportionate size; and as the 
brain-case increases but little in bulk during growth, 


“pn 


Fic. 103,—A Section of the Skull of the African Elephant (Elephas 
africanus) taken to the left of the middle line, and ineluding 


the vomer(Vo) and the mesethmoid (MZ). an, anterior, and pn, 
posterior narial aperture. yy nat. size. Flower's Osteology 


of Mammalia. 


while the exterior wall of the skull is required to be of 
great superficial extent to support the trunk and the 
huge and ponderous tusks, and to afford space for 
the attachment of muscles of sufficient size and 
strength to wield the skull thus heavily weighted, an 
extraordinary development of air-cells takes place in 
the cancellous tissue of nearly all the bones of the 
cranium. ‘These cells are not only formed in the walls 
of the cranium proper, but are also largely developed 
in the nasal bones and upper part of the premaxillee 
and maxillee, the bones forming the palate and the basi- 
cranial axis, and even extend into the interior of the 
ossified mesethmoid and vomer. Where two originally 
distinct bones come into contact, the cells pass freely 
from one to the other, and almost all the sutures be- 
come obliterated in old animals. The intercellular 
lamellze in the great mass which surrounds the brain 
cavity superiorly and laterally mostly radiate from the 
inner to the outer table, but in the other bones their 
direction is more irregular. Like the similar but less 
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developed air-cells in the skulls of many other mam- 
mals, they all communicate with the nasal passages, 
and they are entirely secondary to the original growth 
of the bones, their development having scarcely com- 
menced in the new-born animal, and they gradually 
enlarge as the growth of the creature proceeds towards 
maturity. The nasal bones are very short, and the 
anterior narial aperture situated high in the face. The 
zygomatic arch is slender and straight, the malar bones 
being small, and forming only the middle part of the 
arch, the anterior part of which (unlike that of all 
true Ungulates) is formed only by the maxilla. The 
maxillo-turbinals are but rudimentary, the elongated 
proboscis supplying their place functionally in warming 
and clearing from dust the inspired air. 

The neck is very short. The limbs are long and 
stout, and remarkable for the great length of the upper 
segment (especially the femur) as compared with the 
distal segment, the manus and pes. Itis owing to this 
and the vertical position of the femur that the knee- 
joint in the hind lee is placed much lower, and is more 
conspicuous externally than in most quadrupedal mam- 
mals, and, this having been erroneously compared with 
the hock-joint or ankle of Ungulates, the popular fal- 
lacy that the joints of the Elephant’s leg bend ina 
contrary direction to that of other mammals has arisen. 
There is no round ligament in the hip-joint, or third 
trochanter to the femur. The radius and ulna are dis- 
tinct, though fixed in a crossed or prone position. The 
fibula also is quite distinct from the tibia. The feet 
are short and broad, the carpal and tarsal bones being 
very square, with flattened surfaces for articulation ; 
the astragalus especially differs from that of true Un- 
gulates in its flatness, in the absence Of a distinct pulley- 
like articular surface at either extremity, and in bate 
no articular facet for the cuboid. The fibula articulates 
with the calcaneum, as in Artiodactyles. Of the five 
toes present on each extremity (see fig. 100), the middle 
one is somewhat the largest, and the lateral ones 
smallest, and generally wanting (especially in the hind 
foot) the complete number of phalanges. The ungual 
phalanges are all small, irregular in form, and Jate in 
ossification. The whole are encased in a common in- 
tegument, with a flat, subcireular, truncated sole, the 
only external indication of the toes being the broad 
oval nails or hoofs arranged in a semicircle around the 
front edge of the sole. The hind foot is smaller and 
narrower than the, front. The liver is small and simple, 
and there is no gall-bladder. In form the brain re- 
sembles that of the Rodents and other lower orders of 
mammals, the cerebellum being entirely behind and 
uncovered by the cerebrum, but the hemispheres of 
the latter are richly convoluted. 

The Proboscidea are exclusively vegetable feeders, 
living chiefly on leaves and young branches of forest 
trees and various kinds of herbage, which they gather 
and convey to their mouth by the very mobile proboscis, 
an organ which combines in a maryellous manner 
strength with dexterity of application, and isa necessary 
compensation for the shortness and inflexibility of the 
neck, as by it many of the functions of the lips of other 
animals are performed. By its means the Elephant 
is enabled to drink without bending the head or limbs; 
the end of the trunk being dipped into the stream or 
pool, a forcible inspiration fills the two capacious air- 
passages in its interior with water, which, on the tip 
of the trunk being turned upwards and inserted into 
the mouth, is ejected by a blowing action, and swal- 
lowed; or if the animal wishes to refresh and cool its 
skin, it can throw the water in a copious stream over 
any part of its surface. Elephants can also throw 
dust and sand over their bodies by the same means 
and for the same purpose, and wild animals have been 
frequently observed fanning themselves with leafy 
boughs held in the trunk. The’ species are at present 
limited in their geographical distribution to the Ethi- 
opean and Oriental regions, but they formerly had a 
far more extensive range. 
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Elephas.—Dentition : i 3, ¢ 8, m § = 26. The incisors vari- 
able, but usually of very large size, especially in the male 
sex, directed somewhat outwards, and curved upwards, 
without enamel except on the apex before it is worn; pre- 
ceded by small milk incisors, The molars succeed each other 
by horizontal replacement from before backwards, never 
more than one or part of two being in use on each side of 
each jaw at the same time; each composed of numerous 
flattened enamel-covered plates or ridges of dentine, pro- 
jecting from a common many-rooted base, surrounded and 
united together by cementum. The number of plates in- 
creases from the anterior to the posterior molar in regular 
succession, varying in the different species, but the third - 
and fourth (or the last milk molar and the first true molar), 
and these only, have the same number of ridges, which 
always exceeds five. Skull of adult very high and globu- 
Mandible ending in front in a prolonged, deflected 
and spout-like symphysis. Vertebre : C7, D 19-21, L 3-4, 
S 4, C 26-33. 

The existing species of the genus differ so much that 
they must be placed in two distinct sections, considered 
by some zoologists as distinct genera. 

1. Hlephas proper. Hlasmodon, F. Cuy.; Huelephas, Fale. 
—Average number of plates of the six successive molar 
teeth expressed by the ‘‘ridge formula” 4, 8, 12, 12, 16, 24. 
The plates compressed from before backwards, the anterior 
and posterior surfaces (as seen in the worn grinding face 
of the tooth) being nearly parallel. Ears of moderate size. 
Upper margin of the end of the proboscis developed into a 
distinct finger-like process, much longer than the lower 
margin. Five nails on the fore feet, and four (occasionally 
five) on the hind feet, 

The well-known Asiatic Elephant, F. indicus, inhabits in 
a wild state the forest lands of India, Burmah, the Malay 
Peninsula, Cochin China, Ceylon, and Sumatra. Those 
from the last-named islands, presenting some variations 
from those of the mainland, have been separated under the 
name of LF. swnatranus, but the distinction has not been 
satisfactorily established. The appearance of the Asiatic 
Elephant is familiar to all. Though rarely breeding in 
captivity, it has been domesticated from the most remote 
antiquity, and is still extensively used in the [ast as a 
beast of burden. In the wild state it is gregarious, asso- 
ciating in herds of ten, twenty, or more individuals, and, 
though it may under certain circumstances become dan- 
gerous, it is generally inoffensive and even timid, fond of 
shade and solitude and the neighborhood of water. The 
height of the male at the shoulder when full grown is 
usually from 8 to 10 feet, occasionally as much as11. The 
female is somewhat smaller. See ELEPHANT. ; 

2. Loxodon.—Molar teeth of coarse construction, with 
fewer and larger plates and thicker enamel. Ridge for- 
mula: 3, 6, 7, 7, 8,10. The plates not flattened, but thicker 
in the middle than at the edges, so that their worn grind- 
ing surfaces are lozenge-shaped. Ears very large. The 
upper and lower margins of the end of the trunk forming 
two nearly equal prehensile lips. But three hoofs on the 
hind foot. The one species, &. africanus, now inhabits the 
wooded districts of the whole of Africa south of the Sahara, 
except where it has been driven away by human settle- 
ments. Fossil remains of Pleistocene age, undistinguish- 
able specifically, have been found in Algeria, Spain, and 
Sicily. It was trained for war and show by the ancient 
Carthaginians and Romans, and recent experience of the 
species in captivity in England shows that it is as intelli- 
gent as its Asiatic relative, if not more so, while surpassing 
it in courage, activity, and obstinacy. Nevertheless, in 
modern times, no people in Africa have been sufficiently 
civilized or enterprising to care to train it for domestic 
purposes. It is hunted chiefly for the sake of the ivory of 
its immense tusks, of which it yields the principal source 
of supply to the European market, and the desire to obtain 
which is rapidly leading to the extermination of the 
species. In size the male African elephant often surpasses 
that of Asia, but the female is usually smaller. The cir- 
cumference of the forefoot is half the height at the shoul- 
der, a circumstance which enables the hunters to judge 
from the footprints the exact size of the animals of which 
they are in pursuit. 4 

Extinct Species of Elephant—Abundant remains of Ele- 
phants are found embedded in alluvial gravels, or secreted 
in the recesses of caves, into which they have been washed 
by streams and floods, or dragged as food by Hyzenas and 
other carnivorous inhabitants of these subterranean dens. 
Such remains belonging to the Pleistocene and Pliocene 
periods have been found in many parts of Europe, includ- 
ing the British Isles, in North Africa, throughout the North 
American continent from Alaska to Mexico, and exten- 
sively distributed in Asia, where the deposits of the sub- 
Himalayan or Sivalik hills, belonging to the earliest 
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Pliocene, are rich in the remains of Elephants of varied 
form. These species are chiefly known and characterized 
at present by the teeth, some of which resemble the exist- 
ing Indian and some the African type, but the majority 
are between the two,and make the distinction between 
Elephas and Loxodon as different genera quite impractica- 
ble. Others again approach so closely in the breadth and 
coarseness of the ridges and paucity of cementum to Masto- 
don as to have been placed by some zoologists in that 
genus. ‘These form the group or subgenus called Stegodon 
by Falconer. 

Among the best known extinct Elephants are E. primi- 
genius, the Mammoth, very closely resembling the existing 


Indian species, and one of the most recently extinct and |. 


extensively distributed (see MAMMOTH); FZ. antiquus and 
£. meridionalis, also found in Britain, as well as in Europe 
generally, of rather earlier date, and inclining more to the 
Loxodon type, as also do two species found in the island 
of Malta, EH. mnaidiensis and LE. melitensis, the latter the 
smallest known species of the suborder, sometimes not ex- 
ceeding 3 feet in height when adult. The Stegodon forms, 
E. clifti, bombifrons, insignis, and ganesa, are all from India, 
which locality would appear, from the abundance of re- 
mains and variety of forms, as well as the generalized 
character of some and the geological horizon (Plio-Mio- 
cene) in which the remains are found, to be the earliest 
habitation of the true Elephants yet discovered. Remains 
of Elephants of the last-named group have also lately been 
found in China and Japan. A tusk the dentine of which 
presents the characters hitherto considered peculiar to the 
Proboscidea, from Australia, has been lately described by 
Professor Owen under the name of Notelephas. 


Mastodon.—Dentition: i raz 8, p and m §. Upper 
incisors very large, as in Llephas ; sometimes with longi- 
tudinal bands of enamel, more or less spirally disposed. 
Lower incisors variable; when present comparatively small 
and straight, sometimes persistent, sometimes early decidu- 
ous, and in some species never present. Grinding surface 
of molars with transverse ridges, the summits of which are 
divided more or less into conical or mammillary cusps, 
and often with secondary or additional cusps between and 
clustering against the principal ridges; enamel thick; 
cementum very scanty, never filling up the interspaces be- 
tween the ridges. The third, fourth, and fifth molars 
having the same number of ridges,! which never exceeds 
five. In some species (JL. ohioticus) no vertical succession 
has been observed, but in others, as M. angustidens, the two 
posterior premolars, and in the American M. productus ap- 
parently all three, are preceded by milk molars. There is 
also a horizontal succession as in Elephants, the anterior 
teeth being lost before the posterior ones are fully de- 
veloped, but not so complete as in the former genus, for as 
many as three teeth may be in place in one jaw at one time. 
The skull generally is less elevated and less cellular than in 
Elephas ; otherwise the remainder of the skeleton is similar. 

All known Mastodons are gigantic animals, equalling or 
exceeding the recent Elephants in size. Their remains 
have been found in Europe and southern Asia and America, 
from the Miocene to the Pleistocene epochs. 

Dinotherium.—Dentition of Adult: i 7 ¢ 8, p 4, m §= 22; 
all present at the same time, there being no horizontal suc- 
cession, but the premolars replace milk teeth in the ordi- 
nary manner. The presence or absence of upper incisors 
has not yet been clearly ascertained. Lower incisors, 
large, conical, descending and slightly curved backwards, 
implanted in a greatly thickened and deflected beak or 
prolongation of the symphysis. In section they do not 
show the decussating strie characteristic of Mastodons and 
Elephants. Crowns of molars with strong, transverse, 
crenulated ridges, with deep valleys between, much re- 
sembling those of the Tapirs. Ridge formula of the perma- 
nent molar series: 2,2, 3, 2,2. Thethree ridges of the first 
true molar appear to be constant in both upper and lower 
jaws, although it is quite an anomalous character among 
Proboscideans for this molar to have more ridges than those 
which come behind it. The last milk molar has also three 
ridges, the penultimate but two. The cranium is much 
depressed, with comparatively little development of air- 
cells. The remainder of the skeleton is imperfectly known, 
but apparently agrees in its general characters with that of 
the other Proboscideans. ; 

Remains of Dinotheriwm giganteum, an animal of elephan- 


1 This, and the larger number of ridges in the latter, are the 
only absolute distinctions which Falconer could find between 
Mastodon and Hlephas (Palxont. Memoirs, ii. p. 9), and it is clear that 
they are somewhat arbitrary. The line between the two genera 
is drawn at this point more as a matter of convenience for de- 
scriptive purposes than as indicating any great natural break in 
the sequence of modifications of the same type. 
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| tine proportions, strikingly characterized by the pair of 
| huge tusks descending nearly vertically from the front of 
the lower jaw, were first discovered at Eppelsheim, near 
Darmstadt, and described by Kaup. They have since been 
met with in various Middle and Upper Miocene formations 


Fic. 104.—Skull of Dinotherium giganteum (Miocene, Eppelsheim), 


in the south of Germany, France, Greece, and Asia Minor. 
Three species, D. pentapotamiz, D. indicum and D. sindiense, 
have been described by Falconer and Lydekker from 
northwestern India. The genus has hitherto not been 
found in England or in America. 

The genus Phenocodus, from the Lower Eocene of Wyo- 
ming, lately described by Cope (Am. Naturalist, December, 
1881 and June, 1882), is placed by that zoologist in a special 
group called Condylarthra, allied to the Proboscidea, but dis- 
tinguished by ‘“‘a post-glenoid process, and a third tro- 
chanter of the femur, and no calcaneal facet for the 
fibula.” This and the Proboscidea are united by Cope to 
form the order Taxeopoda, one of his primary divisions of the 
Ungulata, 

In all the preceding forms the astragalus articulates only 
with the navicular bone, in those that follow with both 
nayicular and cuboid. 


SuBsorDER AMBLYPODA. 


Among the most remarkable of the recent. discove- 
ries in the Kocene formations of the western States of 
North America has been that of a group of animals of 
huge size, approaching if not equalling that of the lar- 
gest existing Elephants, presenting a combination of 
characters quite unlike those known among either re- 
cent or extinct creatures, and of which there were evi- 
dently many species living contemporaneously, but all 
of which became extinct before the close of the Hocene 
period. ‘'I'o form some idea of their appearance, we 
must imagine animals very elephantine in general pro- 

ortions and in the structure of their limbs. The 
ore foot had five, and the hind foot four toes. The 
tail, as in the Elephants, was long and slender, but 
the neck, though still short, was not so much abbre- 
viated as in modern Proboscideans, and there is no 
evidence that they possessed a trunk. The head dif- 
fered greatly from that of the Elephants, being long 
and narrow, more like that of a Rhinoceros, and, as in 
that animal, was elevated behind into a great occipital 
crest, and it had developed upon its upper surface 
three pairs of conspicuous, laterally diverging protube- 
rances, one pairin the parietal region, one on the 
maxillaries in front of the orbits, and one (much 


432 


smaller) near the fore part of the elongated nasal 
bones. Whether these were merely covered by bosses 
of callous skin, as the rounded form and ruggedness 
of their extremities would indicate, or whether they 
formed the bases of attachment for horns of still 
greater extent, like those of the Rhinoceros or of the 
Cayicorn Ruminants, can only be a matter of con- 
jecture. There were no upper incisors, but three on 
each side below, of comparatively small size, as was 
also the lower canine. <A huge, compressed, curved, 
sharp-pointed canine tusk, very similar in form and 
position to that of the Musk-Deer, descended from 
each side of the upper jaw. These were present in 
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both sexes, but very much smaller in the female, as 
was also the flange-like process of the lower jaw, by 
which they were guarded. Behind these, and at some 
distance from them, were on each side above and be- 
low six molar teeth, of comparatively small size, placed 
in continuous series, each with a pair of oblique ridges 
conjoined internally and diverging externally in V- 
like manner, and provided with a stout basal cingu- 
lum. The dental formula was therefore 7$, ¢ 4, Ph, 
m %== 34; and the dentition had thus already attained 
a remarkable degree of specialization, although the 


brain was smaller and more rudimentary in characters 
than in almost any other known mammal. 
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Fic. 105.—Restoration of Dinoceras mirabile. 


gy nat. size. 


From Marsh (Am. Jour. Sci., vol. xii. pl. 2). 


The first-discovered evidences of the existence of animals | panic, firmly fixed in between the squamosal and the ex-oc- 
of this group were described by Leidy in 1872, under the  cipital, ankylosed to both, and forming the floor of a long 


name of Uintatherium (from the Uintah mountains, near 
which they are found). Other nearly allied forms have 
been named Dinoceras (restoration of which is shown in 
fig. 105), Tinoceras, and Loxolophodon. They constitute the 
order Dinocerata of Marsh, but are included by Cope in the 
Amblypoda, 

Another interesting form referred to this suborder is 
Coryphodon, which appears to connect the Proboscidea 
with the most primitive Perissodactyla, especially Lophio- 
don. It was first described by Owen in 1846 from a frag- 
ment of a jaw from the London Clay. More perfect 
remains were afterwards discovered in France, and 
lately in great abundance, indicating many species from . 
the size of a Tapir to that of a Rhinoceros, in the lowest 
Eocenes of New Mexico and Wyoming, in the United 
States. It had forty-four teeth; the canines of both 
jaws were large and sharp-pointed, and the molars had 
strongly pronounced oblique ridges. The general pro- 
portions were those of a Bear, but the tail was of moderate 
length, and the feet short and wide, with five toes on each. 

The Tertiaries of South America have yielded some 
very remarkable forms of mammalian life, the nature 
and affinities of which have greatly puzzled all zoologists 
who have attempted to unravel them. Macrauchenia, an 
animal with a camel-like neck, is now known to be a 
Perissodactyle, though in some characters somewhat 
aberrant. The articulation of the fibula with the calca- 
neum is an Artiodactyle or perhaps generalized charac- 
ter. The teeth ally it to Paleotherium and Rhinoceros. 
Homalodontotherium, from the banks of the river Galle- 
gos, southeast Patagonia, is known by the teeth alone, 
which, though very generalized, are on the whole rhi- 
nocerotic. Nesodon, from the same locality, also only 
known by the dentition and some parts of the skull, 
connects the last and Macrauchenia with Toxodon. These 
three genera have the typical dental formula of 4 4, ¢ 4, 
pt,m%=44, Toxodon is an animal about the size of a 
Hippopotamus; it was first discovered by Darwin, and 
many specimens have since been found in Pleistocene de- 
posits near Buenos Ayres, and described by Owen, Gervais, 
and Burmeister. The teeth consist of large incisors, very 
small lower canines, and strongly curved molars, all with 
persistent roots, the formula being apparently i 4, ¢ %, p 4, 
m %=38. The cranial characters exhibit a combination of 
those found in both Perissodactyles and Artiodactyles, but 
the form of the hinder part of the palate and the absence 
of an alisphenoid canal belong to the latter; and the tym- 


upward-directed meatus auditorius, is so exactly like that 
of the Suina that it is difficult to believe it does not indicate 
some real affinity to that group. These characters seem to 
outweigh in importance those by which some zoologists have 


Fic. 106.—Cranium and Lower Jaw of Mesotheriwm cristatum. 


4 nat. size. From Gervais, 


linked Tozodon to the Perissodactyla, and the absence of the 
third trochanter and the articulation of the fibula with 
the calcaneum tell in the same direction. The structure 
of the feet is not completely known, but Cope has shown 
that the tarsal bones differ altogether from those of either 
Artiodactyles or Perissodactyles, and more nearly resemble 
those of the Proboscidea than any ether known Ungulates. 

Mesotherium, also called Typotherinm, from the same lo- 
cality, was an animal rather larger than a Capybara, and 
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of much the same general appearance. Its skeleton is 
completely known, and shows a singular combination of 
characters, resembling Toxodon or a generalized Ungulate 
on the one hand, and the Rodents, especially the Leporide, 
on the other. In the presence of clavicles it differs from 
all known Ungulates, and in having four lower incisors 
from all Rodents. The teeth are i 4, ¢ 8 p 2, m % = 24. 

It will thus be seen that, although our knowledge of many 
of these forms is still very limited, we may trace among 
them a curious chain of aflinities, which would seem to 
unite the Ungulates on the one hand with the Rodents on 
the other; but further materials are required before we can 

‘establish with certainty so important a relationship, one 
which, if true, would alter materially some of the prevail- 
ing views upon the classification of mammals. 


UNGULATA VERA. 


In the typical Ungulata the feet are never plantigrade, 
and the functional toes do not exceed four,—the inner 
digit being suppressed, at all events in all forms 
which have existed since the early Hocene period. The 
os magnum of the carpus articulates freely with the 
scaphoid. The allantois is largely developed, and the 
placenta, so far as is known, is non-deciduate, the 
chorionic villi being either evenly diffused or collected 
in groups or cotyledons (in Pecora). The testes de- 
scend into a scrotum. ‘I‘here is never an os penis. 
The uterus is bicornuate. The mamme are usually 
few and inguinal, or may be numerous and abdominal 
(as in Swing), but are never solely pectoral. The 
cerebral hemispheres in existing Ungulates are well 
convoluted. 

The group is now, and has been throughout the 
whole of the Tertiary period, composed of two per- 
fectly distinct sections, differing from each other not 
only in the obvious characters of the structure of the 
limbs, but in so many other parts of their organization 
that they must be considered as of the rank at least of 
suborders. ‘The characters of these divisions, first in- 
dicated by Cuvier, were thoroughly established by 
Owen, by whom the names whereby they are now 
generally known were proposed. 


SUBORDER PERISSODACTYLA. 


This is a perfectly well-defined group of Ungulate 
mammals, represented in the actual fauna of the world 
by only three distinct types or families—the 'T'apirs, 


A, Ta- 
pir anes indicus) X 4; B, Rhinoceros (Rhinoceros sumatrensis), 
xt ’ 


Fr¢. 107.—Bones of Fore Foot of existing Perissodactyles. 


Horse (Equus caballus), * 4. U, ulna; R, radius; 
neiform; /, lunar; s, scaphoid; uw, unciform; m, magnum; 
trapezoid; tm, trapezium. Osteology of Mammalia. 

the Rhinoceroses, and the Horses—poor in genera and 
species, and (except in the case of the two domesti- 
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cated species of Mquus, which have been largely mul- 
tiplied and diffused by man’s agency) not generally 
numerous in individuals, though widely scattered over 
the earth’s surface. Paleeontological records show 
very clearly that these are but the surviving fragments 
of avery extensive and much varied assemblage of 
animals which flourished upon the earth throughout 
the whole of the Tertiary geological period, and which, 
if it could be reconstructed in its entirety, would not 
only show members filling up structurally the inter- 
vals between the existing apparently isolated forms, 
but would show several marked lines of’ specialization 
which have become extinct without leaving any direct 
successors. 

The following are the principal characters distinguish- 
ing them from the Artioductyla. Premolar and molar 
teeth in continuous series, with massive, quadrate, 
transversely ridged or complex crowns,—the posterior 
premolars resembling the true molars in size and 
structure. Crown of the last lower molar commonly 
bilobed.'| Dorso-lumbar vertebrae never fewer than 
twenty-two, usually twenty-three in the existing spe- 
cies. Nasal bones expanded posteriorly. An alisphe- 
noid canal. Femur with a third trochanter. The 
middle or third digit on both fore and hind feet larger 
than any of the others, and symmetrical in itself, the 
free border of the ungual phalanx being evenly rounded 
(see fig. 107). This may be the only functional toe, or 
the second and fourth may be subequally developed on 
each side of it. Inthe Tapirs and many extinct forms, 
the fifth toe also remains on the fore limb, but its 
presence does not interfere with the symmetrical ar- 
rangement of the remainder of the foot around the 
median line of the third or middle digit. ‘Traces of a 
hallux have only been found in some extremely ancient 
and primitive forms. The astragalus has a pulley-like 
surface above for articulation into the tibia, but its dis- 
tal surface is flattened and unites toa much greater 
extent with the navicular than with the cuboid, which 
bone is of comparatively less importance than in the 
Artiodactyles. The caleaneum does not articulate 
with the lower end of the fibula. The stomach is 
simple, the caecum large and capacious, the placenta 
diffused, and the mammee inguinal. 


The very distinct minor groups into which the Perisso- 
dactyles are divided in the later periods of the earth’s 
history are, even by the knowledge already gained of the 
aucient members of the suborder, so closely united by 
connected forms that it is difficult to make any satisfac- 
tory classification of the whole. This is of course what 
might be expected, and would probably be the case with 
all other groups if we knew as much of their past history 
as we do of that of the Perissodactyles. It is necessary, 
® however, for descriptive purposes to have some arrange- 
td ment; and perhaps, if not the most natural, the most con- 
‘m venient division (especially as it is chiefly or only by these 
organs that many are known) is one founded upon the 
structure of the lower molar teeth. By this character we 
may make three primary divisions, each of which has a 
representative at the present time:—(A) those in which 
the crowns of the lower molars are disposed in transverse 
ridges, as in the Tapirs; (B) those in which the crowns 
of the lower molars are formed by a pair of crescents, as 
in Rhinoceros; (C) those in which the crowns of the lower 
molars are formed of a pair of crescents, with the addition 
of inner lobes or columns, as in the Horses. As these 
forms are all modifications of the same essential pattern, 
transitions in certain or all of the teeth must be expected 
in many cases. and, as before implied, the grouping of the 
Perissodactyles into Tapiroid, Rhinocerotic, and Equine 
sections according to the pattern of their molar teeth 
may not be a true exposition of the real affinities of the 
genera, but must be looked upon rather as a convenient 
provisional arrangement. 


A, TAPIROID SECTION, 
Lower molars bilophodont. 


Family LOPHIODONTID&. 
Both upper and lower true molars bilophodont. Premo- 


1 These dental characters are not strictly applicable to the 
most ancient forms, 
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lars smaller and simpler than the true molars. Four toes 
on the anterior and three on the posterior feet. This fam- 
ily includes a large number of more or less imperfectly 
known forms, all extinct, ranging from the size of a Rabbit 
to that of an Ox. They are the earliest in time and most 
generalized in structure of the known Perissodactyles. It 
is possible that from some either of the known or the still 
undiscovered members of this group most of the other types 
of the order have been derived. Their remains haye been 
found in Europe only in the Lower and Middle Eocene, 
though in North America they appear to have lingered to 
a somewhat later date. The genus Hyracotheriwm was es- 
tablished in 1839 by Owen for a small animal, no larger 
than a Hare, the skull of which was found in the London 
Clay at Herne Bay. A more perfect specimen apparently 
of the same species was afterwards (in 1857) described un- 
der the name of Philophus vulpiceps. Closely allied forms 
from the European continent have been named Pachynolo- 
phus and Lophiotherium. These have all the complete den- 
tition, viz., 7 $,¢4,p 4, m%—=—44. The posterior lower molar 
has three lobes. The genus Lophiodon (Cuvier, 1822), contains 
animals of much larger size and later geological period (Mid- 
dle or Upper Eocene), in which the dentition was so far spe- 
cialized as to have lost the anterior premolar of both jaws, 
the formula being 7 %,c4, p 3,m%3—40. The transverse 
ridges of the upper molars are placed obliquely, the 
posterior is smaller than the anterior, and they are united 
by their external borders; those of the mandible are dis- 
tinct and only connected by a feeble diagonal crest, the 
last bearing a talon or rudiment of a third lobe. On the 
premolars the anterior ridge only is developed. Nearly 
allied was the American genus Hyrachyus, the structure of 
which is now very completely known from well-preserved 
remains. Theskeleton closely resembles that of the Tapir, 
though the dentition is more like that of Lophiodon, except 
that the last lower molar has but two lobes. As many as 
nine species have been already described, all from the Up- 
per Eocene. Another form from the same deposits, Colono- 
ceras of Marsh, is said to have had an attachment fora der- 
mal horn on each nasalbone. Triplopus, otherwise closely 
similar to Hyrachyus, wants the fifth digit of the manus, 
and hence is placed by Cope ina distinct family, Triplopide. 


Family TAPIRID®. 


Both upper and lower true molars bilophodont. Poste- 
rior premolars above and below resembling the true mo- 
lars. This family is connected with the last by the Mid- 
dle Miocene genus Listriodon. The genus Tapirus, in which 
as many as three premolars resemble the true molars, and in 
which the last lower molar has no talon, appears first in the 
Upper Miocene of Europe, and has continued with scarcely 
any appreciable change until the present time, being rep- 
resented by several species in Central and South America, 
and one in the Malay Peninsula and adjacent islands. It 
is therefore probably the oldest existing genus of mam- 
mals. One of the American species differs from all the 
others in the great anterior prolongation of the ossification 
of the mesethmoid cartilage, and has been separated gen- 
erically by Gill under the name of Hlasmognathus. See 
TAPIR. 


B. RHINOCEROTIC SECTION. 


Lower molar teeth with the ridges, instead of being 
transverse, curved in a crescentic manner. The outer 
extremity of each ridge is curved forwards so that the 
hinder ridge abuts against the external surface of the 
ridge in front of it. An unworn lower molar of a Rhi- 
noceros has thus externally two convex areas separated by 
a vertical groove, and internally two principal sinuses, cor- 
responding to the projections externally. The entrances 
to these sinuses are bordered by three conical pillars—the 
first of comparatively little importance, representing the 
anterior talcn of the Tapir’s tooth, the second, the largest, 
representing the antero-internal principal cusp, and the 
third the postero-internal principal cusp. The upper mo- 
lars of all the animals of this se¢tion resemble those of 
Lophwdon in principle, the transverse ridges being joined 
by an outer wall and placed obliquely, their inner ends in- 
clining backwards and their posterior surfaces being more 
or less concave. There are two further chief modifica- 
tions of this type:—(1) that in which the free edge of the 
outer wall acquires a strongly zigzag or bi-crescentic char- 
acter, being deviated inwards opposite each of the prin- 
cipal outer cusps, and outwards at the anterior and poste- 
rier angles of the tooth and in the middle between the 
cusps, as in Palxotherium; and (2) that in which the outer 
wall is greatly developed, and in the main flat or smoothly 
convex, though with slight elevations and depressions cor- 
responding with those so regular and well-marked in the 
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last section; this is the character of the teeth of Rhi- 
noceros and itsallies. 


Family HyRACODONTIDA. 


Separated by Cope from the next, and containing the 
genus Hyracodon of Leidy, a primitive orsimple Rhi- 
noceros-like type, from the Lower Miocene of North 
America, with the full number of teeth, but only three 
digits on each foot. 


Family RHINOCERONTIDE. 


A very extensive group, of which many modifications, . 
forming a gradual series, showing increasing specialization 
from primitive Lophiodon-like animals, have been discoy- 
ered both in North America and in the Old World. One 
of the most remarkable of these specializations has been ~ 
the development of dermal horns over the nasal bones, 
either in laterally placed pairs as in some of the early 
forms, or in the median line, either single or double. In 
America they all became extinct before the close of the 
Pliocene period; but in the Old World, although their geo- 
graphical distribution has become greatly restricted, at 
least five well-marked species survive. See RHINOCEROS. 


Family MACRAUCHENID 2. 


This contains one extinct genus, Macrauchenia, with two 
species M. patachonica and WM. boliviensis, both from South 
America, and apparently from Pliocene formations. They 
are very singular and specialized forms, quite out of the 
line of descent of any of the existing Perissodactyles, and 
the steps by which they are connected with the rest of the 
group have not yet been discovered. Of the larger species, 
M. patachonica, the skeleton is completely known. It had 
the full number of forty-four teeth, forming an uninter- 
rupted series. The cervical vertebrae resemble those of the 
Camels in the position of the vertebrarterial canal, but the 
ends of the centra are flat, and not opisthocelous as in the 
allied forms. Insome of the limb characters it resembles the 
Equide, but in the articulation of the fibula with the cal- 
caneum it agrees with the Artiodactyles. The structure of 
the feet is, however, distinctly Perissodactyle, there being 
three toes on each. 


Families CHALICOTHERIID® and MENODONTID&. 


These families, with not very distinctly defined bounda- 
ries, contain a large number of extinct forms from Eocene 
and Miocene formations of both the Old and the New 
World. Among the latter the most remarkable is a group 
of animals of gigantic size, to the first known fragment of 
which the name of Menodus was given in 1849 by Pomel, 
but of which more perfect remains have since been de- 
scribed by Leidy as Titanotherium and Megacerops, by Marsh 
as Brontotheriwm, and by Cope as Symborodon, some of which 
appear to represent distinct generic modifications, but the 
synonymy of the group is at present much confused. The 
head was large and much elongated, as in the Rhinoceros; 
but they had a pair of stout, diverging osseous protube- 
rances like horn-cores on the maxillaries in front of the 
orbits. Their molar teeth were of a simple paleotheroid. 
type, and the incisors and canines were very much reduced. 
Their fore feet had four and their hind feet three short, 
stout toes. Their remains abound in the Lower Miocene 
strata of North America. 


Family PALHZOTHERIIDZ. 


The structure of the type of this family, Paleotheriwm, 
was made known by Cuvier, from specimens found in the 
Paris gypsum beds (Upper Eocene). Fig.108 gives an idea 
of its general appearance, not unlike that of a tapir, which 
also it resembled in size. It had, however, but three toes 
on the fore feet. The dentition was 7 %, ¢4, p 4, m 3 = 44. 
Many species and allied genera (as Palaplotherium, an earlier 
form from the Middle Eocene, and Anchitherium, a later one 
from the Miocene) have been discovered both in Europe 
and North America. To some of these the ancestral form 
of the modern horses may be traced, the’ transition from 
this to the next family being formed by almost impercepti- 
ble gradations, 


C. EQuINE SECTION. 


Lower molars formed of a pair of crescents complicated by 
the addition of columns or lobes at the inner extremities. 
Upper molars a modification of the paleotheroid type, but 
gradually passing as time advanced from the brachyodont 


to the hypsodont form. Outer digits becoming gradually 
reduced, until, as in the modern Horses, there is but one 
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(the third) functional digit on each foot. To these alone 
the family Hquide is restricted by some authors, but in few 
groups is the artificial nature of the boundaries placed be- 
tween such divisions so apparent as in the Perissodactyles, 


Cuvier. 


Fic. 108.—Restoration of Palxotherium (Upper Eocene). 


for the simple reason that their paleontological history is 
better known than that of most others, and so many of the 
intermediate forms have been preserved. For the history, 
characters, and present distribution of the Equidez, see the 
article Hors®, vol. xii. p. 176 sq. 


SuporpDER ARTIODACTYLA. 


This is an equally well-defined group, traceable from 
the early Kocene period, though then apparently b¥ no 
means so numerous as the Perissodactyles. Some of 
its types, as that represented in the existing Swine, 
haye retained to the present time much of the primi- 
tive character of the group; but others have 
been gradually becoming more specialized and 
more perfected in structure, and_ its latest 
modification, the Cavicorn Ruminants or Bovide 
(Antelopes, Sheep, and Oxen), are now the dominat- 
ing members of the great Ungulate order, widespread 
in geographical range, rich in generic and specific 
variation, and numerous in individuals,—forming in 
all these respects a great contrast to such decadent 
types as those represented by the Tapirs and Rhino- 
ceroses. 

The principal anatomical characters by which they 
are distinguished from the Perissodactyles are as 
follows. The premolar and molar teeth not alike, the 
former being single and the latter two-lobed. The 
last lower molar of both first and second dentition 
almost invariably three-lobed. Nasal bones not ex- 
panded posteriorly. No alisphenoid canal. Dorsal 
and lumbar vertebrae together always nineteen, though 
the former may vary from twelve to fifteen. Femur 
without third trochanter. Third and fourth digits of 
both feet almost equally developed, and their ungual 

halanges flattened on their inner or contiguous sur- 
faces, so that each is not symmetrical in itself, but 
when the two are placed together they form a figure 
symmetrically disposed to a line drawn between them. 

r, in other words, the axis or median line of the 
whole foot is a line drawn between the third and fourth 
digits, while in the Perissodactyles it is a line drawn 
down the centre of the third digit. Distal articular 
surface of the astragalus divided into two nearly equal 
facets, one for the navicular and one for the cuboid 
bone. ‘The caleaneum with an articular facet for the 
lower end of the fibula. Stomach almost always more 
or less Complex. Colon convoluted. Caecum small. 
Placenta diffused or cotyledonary. Mammez few and 
inguinal, or numerous and abdominal. 


In treating of many sections of mammals, it is only from 
the existing species that our characters and classification 
can be derived, and to these chiefly our observations upon 
the group must be directed, the extinct forms being so little 
known that they can only be referred to incidentally. 
With the Ungulata, however, it is quite otherwise. As with 
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| the last section, the history of the Artiodactyla throughout 


the Tertiary period is now well known, and throws 
great light upon the position and relations of the existing 
groups. 

The principal modifications which have taken place in 
the type from its earliest known and most generalized 
manifestation have been the following :— 

1. As regards the teeth. Assumption of the grinding 
surfaces of the molar teeth either of a distinctly tubercular 


Ill 
A, Pig 
(Sus serofa), X 4; B, Red Deer (Cervus elaphus), X 4; C, Camel, 


Fic. 109.—Bones of Fore Foot of existing Artiodactyles. 


(Camelus bactrianus), X %. U, ulna; R, radius; ec, cuneiform; /, 
lunar; s, secaphoid ; wu, unciform ; m, magnum ; td, trapezoid; tm, 
trapezium, From Osteology of Mammalia. 


(bunodont) of of a crescentic ridged (selenodont) form. Modi- 
fication of the latter from a brachyodont to a hypsodont 
type. Loss of upper incisors. Development of canines into 
projecting tusks. Loss of anterior premolars. 

2. As regards the limbs. Reduction of the ulna from a 
complete and distinct bone to a comparatively rudimentary 
state in which it coalesces more or less firmly with the 
radius. Reduction of the fibula till nothing but its lower 
extremity remains. Reduction and final loss of outer pair 
of digits (second and fifth), with coalescence of the meta- 
podial bones of the two middle digits. Union of the navi- 
cular and cuboid, and sometimes the ectocuneiform bone, 
of the tarsus. 

3. Change of form of the odontoid process of the axis 
from a cone to a hollow half-cylinder. 

4. Development of horns or antlers on the frontal bones, 
and gradual complication of form of antlers. 

5. By inferenee only, increasing complication of stomach 
with ruminating function superadded. Modification of 
placenta from simple diffused to cotyledonary form. 

The primitive Artiodactyles, with the typical number 
(44) of incisor, canine, and molar teeth, brachyodont 
molars, conical odontoid process, four distinct toes on each 
foot, with metapodium and all carpal bones discrete, no 
frontal appendages, and (in all probability) simple stomach 
and diffused placenta, were separated eyen in the earliest 
known forms into Bunodonta and Selenodonta. 


A. Bunodonta. 


This, the most primitive group, with various offsets 
which became partially specialized and then extinet, un- 
able apparently to adapt themselves to new conditions, has 
been continued to the present day with comparatively little 
change in the section of the suborder called Swina, contain- 
ing the families Hippopotumide and Suide. See H1ppo- 
POTAMUS, PECCARY, and SWINE, 


B. Selenodonta. 


Members of this group having the complete typical den- 
tition as regards number, but with various modifications 
in the details of the form of the teeth, and also in the struc- 
ture of the feet, abounded in the Middle and Upper Eocene 
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and Lower Miocene of Europe and Ameria. One of the 
earliest known, Anoplotherium, was fully described by 
Cuvier from remains found in the Paris gypsum beds 
(Upper Eocene). Its teeth formed aseries unbroken by a 
gap or diastema, and were of uniform height (as in Man 
alone of existing mammals). Its tail was long, with large 


Fiv. 110.—Restoration of Anoplotherium commune (Upper Eocene). 
Cuvier, 


cheyron bones underneath, not usually found in Ungulates, 
and there were but two toes on each foot. It was in many 
respects a much specialized form, apparently not on the 
line of descent of any of the existing groups. Cheropotamus, 
Anthracotherium, ITyopotamus, Xiphodon, Dichodon, Dichobune, 
Cainotherium, the American Oreodon, and numerous others 
were forms more or less intermediate in character between 
the three distinct sections into which, by their extinction, 
the Selenodont Artiodactyles can now be divided,—the 
Tylopoda, also called Phalangigrada, the Tragulina, and the 
Pecora or Cotylophora. 


I. TyLopopa. 


Represented at the present time by the two species of 
Camels of the Old World and the Llamas of America. For 
their special distinguishing characters see articles LLAMA 
and CAMEL. 


II. TRAGULINA. 


No teeth in premaxille. Upper canines well-developed, 
especially in the males; narrow and pointed. Lower 
canines incisiform. No caniniform premolars in either 
jaw. Molariform teeth in a continuous series consisting of 
p 4,m 4%. Odontoid process of axis conical. Fibula com- 
plete. Four complete toes on each foot. The middle meta- 
podials generally confluent, the outer ones (second and 
fifth) very slender but complete, i.e., extending from the 
carpus or tarsus to the digit. Navicular, cuboid, and ecto- 
euneiform bones of tarsus united. Tympanic bulle of skull 
filled with cancellar tissue. No frontal appendages. Ru- 
minating, but the stomach with only three distinct com- 
partments, the maniplies or third cavity of the stomach of 
the Pecora being rudimentary. Placenta diffused. 

This section contains the single family Tragulide, con- 
taining a few animals of small size, commonly known as 
Chevrotains, intermediate in their structure between the 
Deer and the Pigs. The large size of the canines of the 
male and the absence of horns caused them to be associated 
formerly with Moschus, one of the true Deer; hence 
they are often spoken of as “‘ Pigmy Musk-Deer,” although 
they have no musk-secreting gland, or, except in the above- 
named trivial external characters, no special affinities with 
the true Musk. There has searcely been a more trouble- 
some and obdurate error in zoology than in this association 
of animals so really distinct. It has been troublesome, not 
only as preventing a just conception of the relations of ex- 
isting Artiodactyles, but also in causing great confusion 
and hindrance in paleontological researches among allied 
forms; and most obdurate, inasmuch as all that has been 
recently done in advancing our knowledge of both groups 
has not succeeded in eradicating it, not only from nearly 
every one of our zoological text-books, whether British or 
Continental, but even from works of the highest scientific 
pretensions. 

The family is now generally divided into two genera. 

Tragulus, containing the smallest of the existing Ungu- 
lates, animals having more of the general aspects and 
habits of some Rodents, as the Agoutis, than of the rest of 
their own order. The best-known species are 7’. javanicus, 
T. napu, T. kanchil, T. stanleyanus, and T.memmina. The first 
four are from the Malay Peninsula, or the islands of the 
Indo-Malayan Archipelago, the last from Ceylon and Hin- 
dustan. 

Hyomoschus is distinguished chiefly by the feet being 
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stouter and shorter, the outer toes better developed, and the 
two middle metacarpals not ankylosed together. Its dental 
formula (as that of Tragulus) is i 9, ¢ 4, p #,m 8—=34. Ver- 
tebree: C7, D 13, L6,S 5, C 12-13. The only existing spe- 


cies, H. aquaticus (fig. 111), from the west coast of Africa, 
is rather larger than any of the Asiatic Cheyrotains, which 


Fig, 111.—African Water Chevrotain (Zyomoschus aquaticus,) 


it otherwise much resembles, but it is said to frequent the 
banks of streams, and have much the habits of Pigs. It is 
of a rich brown color, with back and sides spotted and 
striped with white. It is evidently the surviver of a very 
ancient form, as remains of a species only differing in size 
(H. crassus) have been found in Miocene deposits at Sansan, 
department of Gers, France. 


III. Prcora or CoTyLOPHORA. 


No premaxillary teeth or caniniform premolars. Upper 
canines generally absent, though sometimes largely devel- 
oped. Inferior incisors, three on each side with an incisi- 
form canine in contact with them. Molariform teeth con- 
sisting of p 4, m 4, in continuous series. Auditory bull 
simple and hollow within. Odontoid process in the form 
of a crescent, hollow above. Distal extremity of the fibula 
represented by a distinct malleolar bone of peculiar shape, 
articulating with the outer surface of the lower end of the 
tibia. Third and fourth metacarpals and metatarsals con- 
fluent. Outer toes small and rudimentary, or in some 
cases entirely suppressed; their metapodial bones never 
Navicular and cuboid bones of tarsus united. 
Horns or antlers usually present, at least in the male sex. 
Left brachial artery arising from a common innominate 
trunk, instead of coming off separately from the aortic 
arch as in the preceding sections. Stomach with four com- 
plete cavities. Placenta cotyledonous, 

The Pecora or true Ruminants form at the present time 
an extremely homogeneous group, one of the best-defined 
and most closely united of any of the Mammulia. But, 
though the original or common type has never been de- 
parted from in essentials, variation has been very active 
among them within certain limits; and the great difficulty 
which all zoologists have felt in subdividing them into nat- 
ural minor groups arises from the fact that the changes in 
different organs (fect, skull, frontal appendages, teeth, cu- 
taneous glands, etc.) have proceeded with such apparent 
irregularity and absence of correlation that the different 
modifications of these parts are most variously combined 
in different members of the group. It appears, however, 
extremely probable that they soon branched into two main 
types, represented in the present day by the Cervide and 
the Bovide,—otherwise the Antlered and Horned Rumi- 
nants. Intermediate smaller branches produced the exist- 
ing Musk-Deer and Giraffe, as well as the extinet Hellado- 
therium inclining to the first-named group and the extinct 
Sivatherium, Brahnatherium, Hydaspitherium and others more 


allied to the latter, although upon the true relationship of 
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these forms there is a difference of opinian between the 


two paleontologists who have paid most attention to the 
group, Rutimeyer and Lydekker, but the materials forth- 
coming at present are scarcely sufficient for forming a de- 
cided opinion. 

The earliest forms of true Pecora, as Gelocus and Dremothe- 
riwm (Miocene), had no frontal appendages, and some few 
forms (Moschus and Hydropotes) continue to the present day 
in a similar case. In the very large majority, however, 
either in both sexes or in the male only, a pair, or occa- 
sionally two pairs (Tetraceros and the extinct Sivatherium) 
of processes are developed as weapons of offence and de- 


‘ fence from the frontal bones, these being almost always 


formed on one or other of two types. 

1. “Antlers” are an outgrowth of true bone, covered du- 
ting their growth with vascular, sensitive integument 
coated with short hair. In this state they remain perma- 
nently in the Giraffe, but in the true Cervide, when the 
growth of the antler is complete, the supply of blood to it 
ceases, the skin dies and peels off, leaving the bone bare and 
insensible, and after a time, by a process of absorption near 
the base it becomes detached from the skull and is “ shed.” 
A more or less elongated portion or “pedicle” always re- 
mains on the skull from the summit of which a new antler 
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Fic, 112.—Head of Deer (Cervus schomburghkii), showing Antlers. 
From Sclater, Proc. Zool. Soc., 1877, p. 682. 


is developed. In the greater number of existing species 


of Deer this process is repeated with great regularity at the 


same period of each year. The antler may be simple, straight, 
subeylindrical, tapering and pointed, but more often it 
sends off one or more branches called “tynes” or “snags.” 
In this case the main stem is termed the “beam.’”’ Com- 
monly all the branches of the antler are cylindrical 
and gradually tapering: Sometimes they are more or less 
expanded and flattened, the antler being then said to be “pal- 
mated.” In young animals the antlers are always small 
and simple, and in those species in which they are variously 


“branched or palmated, this condition is only gradually 


acquired in several successive annual growths. An inter- 
esting parallel has been observed here, asin so many other 
eases, between the development of the race and that of the 
individual. The earliest known forms of Deer, those of the 


_ Lower Miocene, have no antlers, as in the young of the 


existing species. The Deer of the Middle Miocene have 
simple antlers, with not more than two branches, as in 
existing Deer of the second year. Species occur in the 
Upper Miocene with three branches to the antlers, but it is 
not until the Upper Pliocene and Pleistocene times that 
Deer occur with amtlers developed with that luxuriance of 
growth and beauty of form characteristic of some of the 
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existing species in a perfectly adult state. Among recent 
Cervidz, antlers are wanting in the genera Moschus and 
Hydropotes ; they are present in both sexesin Tarandus (the 
Reindeer), and in the male sex only in ail others. 

2. The “ horns” of the Bovide consist of permanent, con- 
ical, usually curved, bony processes, into which air-cells 
continued from the frontal sinuses often extend, called 
“horn-cores,” ensheathed in a case of true horn, an epi- 
dermic development of fibrous structure, which grows con- 
tinuously, though slowly, from the base, and wears away 
at the apex, but is very rarely shedentire. The only exist- 
ing species in which such a process occurs regularly and 


Fig, 113.—Head of Antelope (Gazella granti), showing Horns. From 
Sir V. Brooke, Proc. Zool. Soc., 1878, p. 724. 


periodically is the American Prong-Buck (Antilocapra), in 
which the horns also differ from those of all others in being 
bifurcated. Horns are not present at birth, but begin to 
grow very soon afterwards. The males of all existing Bo- 
vide possess them, and they are also present (though usually 
not so fully developed) in the females of all except the 
genera Portax, Tragelaphus, Procapra, Antilope, Mpyceros, 
Saiya, Kobus, Cervicapra, Pelea, Nanotragus, Neotragus, and 
Tetraceros.! 

Another character by which the different members of 
the Pecora can be distinguished is derived from the charac- 
ters of the molar teeth. Although there is nothing in the 
general mode and arrangement of the enamel folds, or in 
the accessory columns, absolutely distinctive between the 
two principal families, existing species may generally be 
distinguished inasmuch as the true molars of the Cervide# 
are “brachyodont,”’ and those of the Bovide ‘ hypsodont,” 
i.e., the teeth of the former have comparatively short crowns, 
which, as in most mammals, take their place at once with 
the neck (or point where the crown and root join) ona level 
with ora little above the alveolar border, and remain in 
this position throughout the animal’s life; whereas in the 
other forms, the crown being lengthened and the root small, 
the neck does not come up to the alveolar level until a con- 
siderable part of the surface has worn away, and the crown 
of the tooth thus appears for the greater part of the ani- 
mal’s life partially buried inthe socket. In this form of 
tooth (which is almost always most developed in the pos- 


1 Sir Victor Brooke, Proc. Zool. Soc., 1878, p. 884. 
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terior molars of the permanent series), the constituent col- Family Bovip a. 
umns of the crown are necessarily nearly parallel, whereas 
in the first-described they diverge from the neck towards 
the free or grinding surface of the tooth. In the more com- 
plete hypsodont form the interstices of the lengthened 
columnar folds of enamel and dentine are filled up with 
cementum, which gives stability to the whole organ, and 
which is entirely or nearly wanting in the short-crowned 
teeth. The same modification from low to high crowns 
without essential alteration of pattern is seen in an even 
still more marked manner in some of the Perissodactyle 
Ungulates, the tooth of the Horse bearing to that of Anchi- 
therium (see Horsk, vol. xii. p. 177) the same relation as 
that of an Ox does to the early Selenodont Artiodactyles. 
A parallel modification has been also shown to have taken 
place in the molar teeth of the Proboscidea (see p. 428). 

As the hypsodont tooth is essentially a modification of, 
and, as it were, an improvement upon the brachyodont, it 
is but natural to expect thatall intermediate forms may be 
met with. Even among the Deer themselves, as pointed 
out by Lartet, the most ancient have very short molars, and 
the depressions on the grinding surface are so shallow that 
the bottom is always visible, while in the Cervide of the 
more recent Tertiary periods, and especially the Pleistocene 
and living species, these same cavities are so deep that 
whatever be the state of the dentition the bottom cannot 
be seen. Some existing Deer, as the Avis, are far more hyp- 
sodount than the majority of the family ; and, on the other 
hand, many of the Antelopes (as Tragelaphus) retain much 


Frontal appendages, when present, in the form of horns. 
Molars usually hypsodont. Usually only one orifice to the 
lachrymal canal, situated inside the rim of the orbit. La- 
chrymal bone almost always articulating with the nasal. 
Canines absent in both sexes. The lateral toes may be 
completely absent, but more often they are represented by 
the hoofs alone, supported sometimes by a very rudimentary 
skeleton, consisting of mere irregular nodules of bone. 
Distal ends of the lateral metapodals never present. Gall- 
bladder almost always present. Placenta with many co- 
tyledons. ‘ 

The Bovide, or hollow-horned Ruminants (Cavicornia), 
form a most extensive family, with members widely dis- 
tributed througbout the Old World, with the exception of 
the Australian region; but in America they are less nu- . 
merous, and confined to the arctic and northern temperate 
regions, no species being indigenous either to South or 
Central America. There is scarcely any natural and well- 
defined group in the whole class which presents greater 
difficulties of subdivision than this; consequently zoologists 
are as yet very little agreed as to the extent and boundaries 
of the genera into which it should be divided. The prin- 
cipal species will be found more particularly described un- 
der the headings ANTELOPE, BISON, BUFFALO, CATTLE, 
CHAMOIS, ELAND, GNU, GOAT, HARTEBEEST, IBpx, MusKk- 
Ox, NYLGHAU, OX, SAIGA, and SHEEP. 


ofthe brachyodont character, which is, however, complete- Group TILLODONTIA. 
st i re der 1 highl ecialized Shee . . 
Soe Sp eas more modern and highly specialized Sheep} tror9 may be noticed a remarkable group of animals, 


Family Crrvipm. called by Marsh 7illodontia, the remains of which are 
ifound abundantly in the Lower and Middle Hocene 


Frontal appendages, when present, in the form of antlers. 


First molar at least in both jaws brachyodont. Two orifices beds of North America. They seem to combine the 
to the lachrymal duct, situated on or inside the rim of the | characters of the Ungulata, Rodentia, and Carnivora. 
orbit. An ante-orbital vacuity of such dimensions as to In the genus Zillotheriwm of Marsh (probably identi- 
exclude the lachrymal bone from articulation with the na-| cal with the previously described Anchippodus of 


sal. Upper canines usually present in both sexes, and | Veidy) the skull resembled that of the Bears, but the 
sometimes attaining a very great size in the male (see fig. : 2 


114). Lateral digits of both fore and hind feet almost 


molar teeth were of the Ungulate type, while the large 
incisors were very similar to those of the 
Rodents. The skeleton resembled that of 
the Carnivores, but the scaphoid and lunar 
bones were distinct, and there was a third 
trochanter on the femur. ‘The feet were 
plantigrade, and each had five digits, all 
with long pointed claws. In the allied genus 
Stylinodon all the teeth were rootless. Some 
were as large as a T'apir. 


Fig. 114.—Skull of Hydropotes inermis (adult male) a Deer without 
Antlers, but with largely developed upper canine teeth. X 4. 
From Sir VY. Brooke, Proc. Zool. Soc., 1872, p. 524. 


always present, and frequently the distal ends of the meta- 
podals. Placenta with few cotyledons. Gall-bladder 
absent (except in Moschus). This family contains numer- 
ous species, having a wide geographical distribution, rang- 
ing in the New World from the Arctie Circle as far south 
as Chili, and. in the Old World throughout the whole of 
Europe and Asia, but absentin the Ethiopian and Austra- 


lian regions. For the characters of the generic subdivi- | mg 115skull of Tillotherium fodiens, } nat. size. From Marsh. 
sions and their distribution, see Srac, also Dempr, MuNtT- 


JAC, and Musk-DrErEr. These, with other similar animals, cone 
: group called Tceniodonta, are included by Cope in his 
Family CAMELOPARDALIDHE. large order Bunotheria, to which also the existing Jn- 


Frontal appendages consisting of a pair of short, erect, | sectivora are referred. The constantly increasing knowl- 
permanent bony processes, ossified from distinct centres, edge of these annectant forms adds to the difficulty so 
and for atime suturally connected with the frontals, though | often referred to in this article of establishing anything 


afterwards ankylosed to them, covered externally with 4 | like a definite classification of the heterodont mammals. 
hairy skin, present in both sexes, and even in the new-born 


animal. Anterior to these is a median protuberance on the 
frontal and contiguous parts of the nasal bones, which in- OrpeR CARNIVORA. 
creases with age, and is sometimes spoken of as a third Th } alan 7 1 

: b ages ough the Carnivora as at present restricted’ form 
horn. -No upper canines. Molars brachyodont. Lateral a very natural and well-defined order among the Mam- 


digits entirely absent on both fore and hind feet, even the ee erate ‘ : 
hoot not dorolbved: malia, it is difficult to find any important common 


This family contains buta single species, the well-known | diagnostic characters by which they can be absolutely 


and very remarkable animal the Giraffe, or Camelopard| 1 phe vere of Linneus included all the then known species of 
Camelopardalis giraffa). See GIRAFFE, . the modern orders Carnivora, Insectivora, and Marsupiaka, 
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separated ; but, as in the case of so many other natu- 
ral groups, it is by the possession of a combination of 
various characters that they must be distinguished. 
They are unguiculate, and have never less than 
four well-developed toes on each foot, with nails more 
or less pointed, rarely rudimentary or absent. The 
pollex and hallux are never opposable to the other 
digits. They are regularly diphyodont and heterodont, 
and their teeth are always rooted.! Their dentition 
consists of small pointed incisors, usually three in num- 
ber, on each side of each jaw, of which the first is al- 
ways the smallest and the third the largest, the differ- 
ence being most marked in the upper jaw; strong coni- 
cal, pointed, recurved canines; molars variable, but 
generally, especially in the anterior part of the series, 
more or less compressed, pointed, and trenchant; if 
the crowns are flat and tuberculated they are never 
complex or divided into lobes by deep inflexions of 
enamel. he condyle of the lower jaw isa transversely 
placed half-cylinder working in a deep glenoid fossa of 
corresponding form. The brain varies much in relative 
size and form, but the hemispheres are never destitute 
of well marked convolutions. The stomach is always 
simple and pyriform. The caecum is either absent or 
short and simple, and the colon is not sacculated or 
greatly wider than the small intestine. Vesicule 
seminales are never present. Cowper’s glands are 
present in some, absent in other groups. The uterus 
1s bicornuate. The mammz are abdominal, and very 
variable in number. The placenta is deciduate, and 
almost always zonary. The clavicle is often entirely 
absent, and when present is never complete. The 
radius and ulna are distinct. The scaphoid and lunar 
bones are always united into one and there is never a 
distinct os centrale in the adult. The fibula is always 
a distinct slender bone. 

The large majority of the species composing this 
order subsist chiefly upon some variety of animal food, 
though many are omnivorous, and some few chiefly, 
though not entirely, vegetable eaters. ‘The more typi- 
cal forms live altogether on recently-killed warm- 
blooded animals, and their whole organization is thor- 
oughly adapted to a predaceous mode of life. In con- 
formity mith this manner of obtaining their subsistence 
they are generally bold and savage in disposition, though 
some species are capable of being domesticated, and 
when placed under favorable circumstances for the de- 
velopment of such qualities exhibit a very high degree 
of intelligence and fidelity. The order is naturally 
divided into two suborders, the members of one being 
the more typical, and mainly terrestrial in their mode 
of life, while those of the other are aberrant, having 
the whole of their organization specially modified for 
living habitually in water. These are called respectively 
the True or Hissiped and the Pinniped Carnivora. 


SuporDER CARNIVORA VERA oR FISSIPEDIA. 


Generally adapted for terrestrial progression and 
mode of life, though some may be partially aquatic in 
their habits. The fore limbs never have the first digit, 
or the hind limbs the first and fifth digits, longer than 
the others. Incisors $ on each side, with very rare ex- 
ceptions. Cerebral hemispheres more or less elongated ; 
always with three or four gyri on the outer surface 
forming arches above each other, the lowest surround- 
ing the Sylvian fissure. The molar series of teeth 
have not the uniform characters of those of the Pinne- 
pedia. There is always one tooth in each jaw which is 
specially modified, and to which the name of ‘* secto- 
rial’? or ‘‘carnassial’’ tooth has been applied. The 
teeth in front of this are more or less sharp-pointed and 
compressed ; the teeth behind it are broad and tubercu- 
lated. ‘The characters of the sectorial teeth deserve 


1 The tusks of the Walrus, altogether so aberrant in its denti- 
tion, are partial exceptions to this statement, but in old individ- 
uals the pulp cavity fills up, and they cease to grow. 
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| special attention, as though fundamentally the same 


throughout the suborder, they are greatly modified in 
different genera. The upper sectorial is the most 
posterior of the teeth which have predecessors, and is 
therefore reckoned as the last premolar (p 4 of the 


typical dentition). It consists essentially of a more 
or less compressed blade supported on two roots and 


FG. 116.—Upper Sectorial Teeth of Carnivora. I, Felis; II, Canis: 
III, Ursus, 1, anterior, 2, middle, and 8, posterior cusp of blade; 
4, inner lobe supported on distinct root; 5, inner lobe, posterior 
in postion, and without distinct root, characteristic of the 
Ursidx. 


an inner lobe supported by a distinct root (see fig. 116). 
The blade when fully developed has three cusps (1, 2, 
and 3), but the anterior is always small, and often 
absent. The middle lobe is conical, high, and pointed ; 
the posterior lobe has a compressed straight knife-like 
edge. The inner lobe (4) varies very: much in extent, 
but it is generally placed near the anterior end of the 
blade, though sometimes it is median in position. 


Fra. 117.—Modifications of the Lower Sectorial Tooth Mm Carnivora. 
I, Felis; Il, Canis; 111, Herpestes; 1V, Lutra; V, Meles ; VI, Ursus. 
1, anterior lobe of blade; 2, posterior lobe of blade; 3, inner 
tubercle; 4, heel. It will be seen that the relative size of the 
two roots varies according to the development of the portion 
of the crown they have respectively to support. 


In the Uside alone both inner lobe and root are want- 
ing, and there is often a small internal and posterior 
cusp (5) without root. In this aberrant family also 
the sectorial is relatively to the other teeth much 
smaller than in the rest of the Carnivora. The lower 
sectorial (see fig. 117) is the most anterior of the 
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teeth without predecessors in the milk series; it is) 


therefore reckoned the first true molar (m1). It has 
two roots supporting a crown, consisting when fully 
developed of a compressed bilobed blade (1 and 2), a 
heel (4), and an inner tubercle (3). The lobes of the 
blade, of which the hinder (2) is the larger, are sepa- 
rated by a notch, generally prolonged into a linear 
fissure. In the most specialized Carnivora, as the 
Felide (1.), the blade alone is developed, both heel 
and inner tubercle being absent or rudimentary. In 
others, as Meles (V.) and Ursus (VI.), the heel is 
greatly developed, broad, and tuberculated. The blade 
in these cases is generally placed obliquely, its flat or 
convex (outer) side looking forwards, so that the two 
lobes are almost side by side, instead of anterior and 
posterior. ‘The inner tubercle (3) is generally a conical 
pointed cusp, placed to the inner side of the hinder 
lobe of the blade. The special characters of these 
teeth are more disguised in the Sea Otter (Auhydira) 
than in any other form, but even in it they can be 
traced. 

The toes are nearly always armed with large, strong, 
curved, and tolerably sharp claws, ensheathing the 
ungual phalanges, and held more firmly in their places 
by broad laminze of bone reflected over their attached 
ends from the bases of the phalanges. In some forms, 
most notably the hdc, these claws are ‘‘retractile.’’ 
The ungual phalanx, with the claw attached, folds 
back in the fore foot into a sheath by the outer or 
ulnar side of the middle phalanx of the digit, being 
retained in this position when the animal is at rest by 
a strong elastic ligament. In the hind foot the ungual 
phalanx is retracted on to the top, and not the side of 
the middle phalanx. By the action of the deep flexor 
muscles, the ungual phalanges are straightened out, 
the claws protruded from their sheath, and the soft 
‘‘Velvety’’ paw becomes suddenly converted into a 
most formidable weapon of offence. The habitual 
retraction of the claws preserves their points from 
wear in ordinary progression. 

The Fissipedal Carnivora were divided ‘by Cuvier 
into two groups, according to the position of the feet 
in walking,—the Plantigrada, or those that place 
the whole of the soles to the ground, and the Digiti- 
grada, or those that walk only on the toes; and the 
difference between these groups was considered of 
equal importance to that which separated from them 
both the Pinuigrada or Seals. The distinction is, 
however, quite an artificial one, and every interme- 
diate condition exists between the extreme typical 
plantigrade gait of the Bears and the truly digiti- 
grade walk of the Cats and Dogs; in fact, the greater 
number of the Carnivora belong to neither one form 
nor the other, but may be called ‘‘ subplantigrade,”’ 
often when at rest applying the whole of the sole to 
the ground, but keeping the heel raised to a greater 
or less extent when walking. 

A more natural classification is into three distinct 
sections, of which the Cats, the Dogs, and the Bears 
may be respectively taken as representatives, and 
which are hence called Alwroidea, Cynoider, and 
Arctoidea. This division is founded mainly on char- 
acters exhibited by the base of the skull, but is cor- 
roborated by the structure of other parts.1 The 
presence or absence of a bridge of bone, covering the 
external carotid artery in a part of its course by the 
side of the alisphenoid bone, and enclosing the 
‘Calisphenoid canal,’’ a character to which the late 
Mr. H. N. Turner first drew attention, might seem 
unimportant at first sight, but it is curiously constant 
‘in certain groups, which we have other reasons, de- 
rived often from a combination of less easily definable 


1 See W. H. Flower, “On the Value of the Characters of the 
Base of the Cranium in the Classification of the order Carnivora,” 
Proc. Zool. Soc., 1869, p. 4; St. George Mivart, “On the Classifica- 
tion and Distribution of the ’uroidea,” ibid., 1882, p. 135; and 
Ya., The Cat, an Introduction to the Study of Backboned Animais, 
especially Mammuls, 1881. ‘ 
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characters, to regard as natural. It is therefore 
generally mentioned in the following family definitions. 


Section ASLUROIDBA. 


The Aluroidea or Cat-like forms include the Felide, Viver- 
ridx, Protelide, and Hyxnide. 


Family FELIDA. 


True molars reduced to one above and below, that of the 
upper jaw very small and transversely extended. Only 
two inferior premolars. Auditory bulla not externally 
constricted, but internally divided by a septum. No ali- 
sphenoid canal. Carotid canal very minute, Digits 5-4. 
Dorsal vertebree 13. 

Felis—The whole structure of the animals of this genus 
type in its fullest perfection. 
44,4, p 3, m 4=—$; total 30. The upper an- 
terior premolar, always small, may sometimes be absent 
without any other modification in the dental or other 
structures. Such a variation should not therefore be con- 
sidered as of generic importance. Incisors very small. 
Canines large, strong, slightly recurved, with trenchant 
edges and sharp points, and placed wide apart. Premolars 
compressed and sharp-pointed. The most posterior in the 
upper jaw (the sectorial) a very large tooth, consisting of a 
subcompressed blade, divided into three unequal cusps sup- 
ported by two roots, with a very small inner lobe placed near 
the front end of the tooth and supported by a distinct root. 
The upper true molar a very small tubercular tooth placed 
more or less transversely at the inner side of the hinder 
end of the last. In the lower jaw the true molar (sec- 
torial) reduced to the blade alone, which is very large, 
trenchant and much compressed, divided into two subequal 
lobes. Occasionally it has a rudimentary heel, but never 
an inner tubercle. The skull generally is short and rounded, 
though proportionally more elongated in the larger forms. 
The facial portion is especially short and broad, and the 
zygomatic arches very wide and strong. The auditory 
bulle are large, rounded, and smooth. Vertebree: C 7, 
D 13, L7, 8 38, C 13-29. Clavicles better developed than in 
other Carnivora, but not articulating with either the 
shoulder bones or sternum. Limbs digitigrade. Anterior 
feet with five toes, the third and fourth nearly equal and 
longest, the second slightly and the fifth considerably 
shorter ; the pollex still shorter, not reaching as far as the 
metacarpo-phalangeal articulation of the second. Hind feet 
with only four toes. The third and fourth the longest, . 
the second and fifth somewhat shorter and nearly equal ; 
the hallux represented only by the rudimentary metatar- 
sal bone, The claws all very large, strongly curved, com- 
pressed, very sharp, and exhibiting the retractile condition 
in the highest degree. The tail varies greatly in length, 
being in some a mere stump, in others nearly as long as 
the body. Ears of moderate size, more or less triangular 
and pointed. Eyes rather large. Iris very mobile, and 
with a pupillary aperture which contracts under the influ- 
ence of light in some species to a narrow vertical slit, in 
others to an oval, and in some to a circular aperture. 
Tongue thickly covered with sharp-pointed, recurved horny 
papille. Czecum small and simple. 

As in structure so in habits, the Cats may be considered 
the most specialized of all the Carnivora. All the known 
members of the genus feed, in the natural state, almost 
exclusively on warm-blooded animals which they have 
themselves killed. One Indian species (Ff. viverrina) is said 
to prey on fish and even freshwater molluscs. Unlike the 
Dogs, they never associate in packs, and rarely hunt their 
prey in open ground, but from some place of concealment 
wait until the unsuspecting victim comes within reach, or 
with noiseless and stealthy tread, crouching close to the 
ground for concealment, approach near enough to make 
the fatal spring. In this manner they frequently attack 
and kill animals considerably exceeding their own size. 
They are mostly nocturnal, and the greater number, 
especially the smaller species, more or less arboreal. None 
are aquatic, and all take to the water with reluctance, 
though some may habitually haunt the banks of rivers or 
pools, because they more easily obtain their prey in such 
situations. The numerous species of the genus are very 
widely diffused over the greater part of the habitable world, 
though most abundant in the warm latitudes of both 
hemispheres. No species are, however, found in the Aus- 
tralian region, or in Madagascar. Although the Old- 
World and New-World Cats (except perhaps the Northern 
Lynx) are all specifically distinct, no common structural 
character has been pointed out by which the former can 
be separated from the latter. On the contrary most of 


as far as Texas, and southwards nearly to Patagonia. 
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the minor groups into which the genus has been divided 
have representatives in both hemispheres. 

Notwithstanding the considerable diversity in external 
appearance and size between the different members of this 
extensive genus, the structural differences are but slight, 
and so variously combined in different species that the 
numerous attempts hitherto made to subdivide it are all 
unsatisfactory and artificial. The principal differences are 
to be found in the form of the cranium, especially of the 
nasal and adjoining bones, the completeness of the bony 
orbit posteriorily, the development of the first upper pre- 
molar and of the inner lobe ef the upper sectorial, the 
length of the tail, the form of the pupil, and the condition 
and coloration of the fur, especially the presence or absence 
of tufts or pencils ef hair on the external ears. There is 
one decidedly aberrant form, which enables us to divide 
the genus into two sections, to which the rank of genera is 
sometimes accorded. 

1. Felis proper.—A distinetly cusped inner lobe to the 
upper sectorial tooth. Claws completely retractile. There 
are about fifty species of which the following are the most 
important and best known. 


A. Old-World Species. 

For F. leo, see Lion; and for F. tigris,see Trager. With 
regard to I’. pardus, the Leopard or Panther, it is still a 
matter of uncertainty whether the large spotted Cats to 
which these names are given, found chiefly in wooded dis- 
tricts through nearly the whole of Africaand the warmer 
parts of Asia as far as Japan, belong to one or several spe- 
cies, See LEoPARD. JF. uncia, the Ounce, inhabits the 
highlands of Central Asia, from the snowy mountains of 
Tibet to the southern parts of Siberia, at altitudes of from 
9000 to 18,000 feet above the sea. It is about the size of 
the common Leopard, but lighter in color, with longer fur 
and less distinct spots. Its skull differs in shape from that 
of all the other Felide, the facial portion being very broad, 
the nasal bones especially being wide and depressed, and 
the zygomatic arches very strong and deep. Ff. macrocelis, 
the Clouded Tiger, is a beautifully marked species, with 
elongated head and body, long tail, and rather short limbs. 
The canine teeth are proportionally longer than in any 
existing member of the genus. It is thoroughly arboreal, 
and is found in the forests of southeast Asia and the 
islands of Sumatra, Java, Borneo, and Formosa, fF. serval, 
the Serval, from South Africa, is yellow with black spots, 
and has a short tail and large ears. Numerous smaller spe- 
cies called Tiger Cats and Wild Cats, many of them by no 
means clearly defined zoologically, are found throughout 
the warmer parts of Asia and Africa. The Wild Cat of 


Europe, F. catus, still inhabits the mountainous and wooded | 


parts of Great Britain. The Domestic Cat is an introduced 
species, and generally supposed to be derived from F. 
maniculata of Egypt and Syria. Moderate-sized Cats, with 
short tails, rather long limbs, especially the hinder ones, 
and tufts or pencils of hair on their ears, are called 
Lynxes. See Lynx. 


B. New- World Species. 

F. concolor, the Puma or Couguar, commonly called 
“Panther” in the United States, is about the size of a 
Leopard, but of an uniform brown color, spotted only when 
young, and is extensively distributed in both North and 
South America, ranging between the parallels of 60° N. and 
50°S. F. onca, the Jaguar, is a larger and more powerful 
animal than the last, and more resembles the Leopard in its 
colors. It is also found in both North and South America, 
but with less extensive range, reaching northwards only 
See 
JAGuAR. JF. pardalis, and several allied smaller elegantly- 
spotted species inhabiting the intratropical regions of 
America, are commonly confounded under the name of 
Ocelot or Tiger Cat. F. yaguarundi, rather larger than the 
Domestic Cat, with an elongated head and body, and of a 
uniform brownish-grey color, ranges from Matamoras to 
Paraguay. 7. eyrais a small Cat, very Musteline in form, 
having an elongated head, body, and tail, and short limbs, 
and is also of a uniform light reddish-brown color. It isa 
native of South America and Mexico. J. pajeros is the 
Pampas Cat. Four species of Lynx are described from 
North America, but it is doubtful whether these are spe- 
cifically distinct from each other and from the Lynx of 
northern Europe 

2. Cynzelurus.—Sometimes considered as a distinct genus. 
The Cheetah or Hunting Leopard, #. jubata, is distin- 
guished from the other Felide by the inner lobe of the 
upper sectorial, though supported by a distinct root, having 
no salient cusp upou it, by the tubercular molar being more 
in a line with the other teeth, and by the claws being 
smaller, less curved, and less completely retractile, owing 
to the feebler development of the elastic ligaments. The 
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skull is short and high, with the frontal region broad and 
eleyated in consequence of the large development of the 
frontal air-sinuses. The head is small and round, the body 
Its coler is pale yellowish- 
brown with small black spots. The Uheetah is less savage 
and more easily tamed than most of the cats. In Asia it 
has been trained for the chase of the Antelope. It has 
rather an extensive geographical range from the Cape of 
Good Hope, throughout Africa and the southwestern parts 
of Asia, as far as southern India. 

Fossil Felide.—Numerous extinct species of the genus are 
found in Pleistocene, Pliocene, and even later Miocene de- 
posits in Europe, Asia and America. Among them is the 
Cave Lion, F. spelea, which can scarcely be separated spe- 
cifically from F.leo, and of which abundant remains are 
found in caves in England and other parts of Europe. F, 
cristata, from the Siwalik Hills, intermediate in size be- 
tween a Tiger and Jaguar, is distinguished from the other 
Felide by the shortness of the face as compared with the 
cranial part of the skull. ‘These and many others, mostly 
of smaller size, present no greater modifications of form 
than the various existing members of the genus Felis, and 
and can therefore be properly included within its limits ; 
but numerous other forms are gradually becoming known, 
especially through the researches of American paleontolo- 
gists, which, though evidently animals of the same general 
type and therefore to be included in the family Felidz, de- 
part so much in various details of structure that they must 
be placed in different genera. As one of the points in 
which Felis manifests its specialization is the reduction of 
the number of the molar series of the teeth, with concomit- 
ant shortening of the jaws, it might be supposed that in 
the earlier and perhaps ancestral forms these teeth would 
be more numerous and approach more nearly to the primi- 
tive or typical number of the heterodont mammals, viz., 
seven on each side. This is actually the case. One Euro- 
pean form (also recently found in America) to which Ger- 
vais has given the name of Pseudelurus, of Miocene age, has 
the dentition of Felis with au addition of one premolar in 
the lower jaw; but others have a still larger number, as 
Archelurus debilis of Cope from the American Miocene, 
about the size of a Panther, which has four premolars and 
a tubercular molar, in the upper jaw, and three premolars 
and two molars in the lower jaw. A tubercular molar in 
the lower jaw, behind the sectorial, also occurs in diluro- 
gale, Dinictis, and Nimravus. Another tendency to gener- 
alization is the existence in some forms, as Hoplophoneus, of 
a posterior lobe or heel to the inferior sectorial, found in 
nearly all Carnivores except the existing Felidie. On the 
other hand some of the extinct Felide show a most re- 
markable tendency towards a specialization not occurring 
in any of the surviving members of the family, viz., an 
enormous development of the upper canines, with which is 
usually associated an expansion downwards and flattening 
of the anterior part of the ramus of the lower jaw, on the 
outer side of which the canine lies, when the mouth is 
closed. In Smilodon neogeus,sthe Sabre-toothed Tiger, from 
the caves of Brazil and also from Pleistocene deposits near 
Buenos Ayres, an animal about the size of a Tiger, these 
teeth are 7 inches in length, greatly compressed, and 
finely serrated on the trenchant anterior edges. Similar 
serrations are seen on a much fainter scale in the unworn 
teeth of modern Tigers. Many modifications of this com- 
monly-called ‘“‘ machzrodont” type have been met. with 
both in the Old and New World to which the names of 
Machexrodus, Drepanodon, Smilodon, Hoplophoneus, Dinictis 
Pogonodon, ete., have been given. A very remarkable form, 
Eusmilus, differs from all other known Felines in having 
only four incisors in the lower jaw, and a pair of small 
canines separated by a very long diastema from the next 
teeth, which consist only of one premolar and one sectorial 
true molar. The lower jaw is enormously expanded to- 
wards the symphysis to protect the large upper canines. 
This animal then, although of Hocene age, appears to form 
the culminating development of the sabre-toothed or 
macherodont dentition, the most specially carnivorous 
type of structure known. 

Cope divides all the known Feline animals into two 
families, Felide and Nimravide,' distinguished by the char- 
acters of the foramina at the base of the cranium, the 
former being of more modern origin than the latter, the 
members of which are all extinct, and which seem to con- 
nect the Cats with still more primitive types of Curnwora. 


Family VIVERRID. 


Premolars $ or $. Molars } or 3. Auditory bulla exter- 
nally constricted, and divided by a septum. An alisphe- 


1 “On the Extinct Cats of America,” American Naturalist, De- 
cember, 1880, 
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noid canal (with very rare exceptions). Carotid canal 
distinct as a groove on the side of the bulla. Digits usually 
5-5, but sometimes the pollex or-hallux or both may be 
wanting. Dorsal vertebre 13 or 14. Limited in distribu- 
tion to the Old World. 

The subfamily Cryptoproctine contains the single 
genus Cryptoprocta. Dentition: «4 3, ¢ 4, p 4, m 8; 
total 36. The teeth generally closely resemble those of the 
Felide. The first premolar of both jaws is very minute and 
early deciduous. The upper sectorial has a very small 
inner lobe, quite at the anterior part of the tooth. The 
true molar is very small and placed transversely. The 
lower sectorial has a large trenchant bilobed blade, and a 
very minute heel, but no inner tubercle. Skull generally 
like that of Felis, but proportionately longer and narrower. 
Orbit widely open behind. Vertebre: C7, D 13, L 7, 83, 
C29. Body elongated. Limbs moderate in size. Feet 
subplantigrade ; five well-developed toes on each, with 
sharp, compressed, retractile claws. Ears moderate. Tail 
long and cylindrical. 

The only known species, C. feroz, the ‘‘Foussa” of the 
Malagasy, is peculiar to Madagascar, being the largest car; 
nivorous animal in the island. It is about twice the size 
of the common Cat (5 feet from nose to end of tail), with 
short close fur of nearly uniform pale brown. Little is as 
yet known of its habits, except that it is nocturnal, fre- 
quently attacks and carries off goats, and especially kids, 
and shows great ferocity when wounded, on which account 
it is much dreaded by the natives. 

The remaining numerous specific and generic modifica- 
tions found in the existing animals belonging to this family 
seem to group themselves mainly into two tolerably distinct 
groups, distinguishable by the characters of the anditory 
bulla and neighboring parts of the base of the skull, and 
by the structure of the feet. The one form has the genus 
Viverra or Civet Cats for its most typical representative, 
and the other Herpestes or the Ichneumions, 

Subfamily Wiverrineze.—Auditory bulla oval or rather 
conical, broad and truncated and not everted behind, nar- 
row in front and more or less compressed at the sides. 
The outer or anterior chamber very small and flat. The 
meatus with scarcely any inferior lip, its orifice being close 
to the tympanic ring. Paroccipital process triangular, its 
apex projecting slightly beyond the bulla. Claws strongly 
curved and more or less retractile. 

Viverra.—Dentition : 7 3, ¢4, p $m 3=48; total 40. Skull 
elongated; facial portion small and compressed. Orbits 
well-defined but incomplete behind. Vertebre: C7, D 13, 
L7 (or D 14, L 6), 8 3, C 22-30. Body elongated and com- 
pressed. Head pointed in front; ears rather small. Extremi- 
ties short. Feet small and rounded. Toes short, five on each 
foot. First toe both on fore and hind feet much shorter 
than the others. Palms and soles covered with hair, except 
the pads of the feet and toes, and in some species a narrow 
central line on the under side of the sole, extending back- 
wards nearly to the heel. Tail, moderate or long. A pair 
of large glandular follicles situated on the perineum (in 
both sexes), and secreting in most species an oily substance 
of a peculiarly penetrating odor. 

The numerous species of this genus form a large series, 
the two extremes of which differ considerably, but the sey- 
eral sections into which they may be divided blend so into 
one another that it is difficult to differentiate them sharply. 
(1) Viverra proper. This includes the largest species. The 
teeth are stouter and less compressed than in the other 
sections. The second upper molar especially larger. The 
auditory bulla smaller and more pointed in front. Body 
shorter and stouter; limbs longer; tail shorter, tapering. 
Under side of tarsus completely covered with hair. Claws 
longer and less retractile. Fur rather long and loose, and in 
the middle line of the neck and back especially elongated 
so as to form a sort of crest or mane. Pupil circular when 
contracted. Perineal glands greatly developed. These char- 
acters apply especially to V. civetta, the African Civet, or 
“Civet Cat,” as it is commonly called, an animal rather 
larger than a common Fox, and an inhabitant of intratropi- 
cal Africa. V. zibetta, the Indian Civet, of about equal size, 
approaches in many respects, especially in the characters 
of the teeth and feet and absence of the crest of elongated 
hair on the back, to the next section. It inhabits Bengal, 
China, the Malay Peninsula, and adjoining islands. V. tan- 
galunga is a smaller but nearly allied animal from the same 
part of the world. From these three species and the next 
the civet of commerce, once so much admired as a perfume 
in England, and still largely used in the Kast, is obtained. 
The animals are kept in cages, and the odoriferous secretion 
collected byscraping the interiorof the perineal follicleswith 
aspoonorspatula. (2) Viverricula. This section resembles 
generally the next, but with the whole of the under side of 
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the tarsus hairy. Alisphenoid canal generally absent. V. ma- 
laccensis, the Rasse, inhabiting India, China, Java, and Suma- 
tra, is an elegant little animal, which affords a favorite per- 
fume to the Javanese. (3) Genetta. The Genettes are smaller 
animals, with more elongated and slender bodies, and 
shorter limbs than the Civets. Skull elongated and narrow. 
Auditory bulla large, elongated, rounded at both ends. 
Teeth compressed and sharp-pointed; a lobe on the inner 
side of the third upper premolar not present in the previous 
section. Pupil contracting to a linear aperture. Tail long, 
slender, ringed. Fur short and soft, spotted or cloudy. 
Under side of the tarso-metatarsus with a narrow longi- 
tudinal bald streak. V. genetta, the common Genette, is 
found in France south of the river Loire, Spain, South- 
western Asia, and Africa from Barbary tothe Cape. V. felina, 
senegalensis, tigrina, and pardalis are other named species, all 
African in habitat. (4) Hossa. V. fossa, from Madagascar, 
may belong to a distinct section or genus, but its structure 
is very imperfectly known. (5) In some of the smallest 
species the second upper molar (already reduced to very 
small dimensions in the Genettes) is absent; in other re- 
spects their dentition agrees with section 3. V. gracilis and 
V. pardicolor, both from southern Asia, constitute the genus 
Prionodon of Horsfield; V. richardson, from West Africa, 
the genus Poiana of Gray. The former has the back of the 
tarsus hairy, the latter has a narrow naked streak as in the 
Genettes. 

All the animals of this genus are, for their size, extremely 
active, fierce, and rapacious. They feed chiefly on small 
mammals and birds. 

Arctictis.—Dentition: 7 3,c4, p #,m%=4; total 40. The 
posterior upper molar and the first lower premolar very 
often absent.’ Molar teeth generally small and rounded, 
with a distinct interval between every two, but formed 
generally on the same pattern as Paradoxurus. Vertebree: 
C7, D 14, L 5,8 3, C 34. Body elongated. Head broad 
behind, with a small pointed face. Whiskers long and nu- 
merous. Ears small, rounded, but clothed with a pencil of 
long hairs. Eyes small. Limbs short. Soles and palms 
broad, entirely naked, Tail very long and prehensile. Fur 
long and harsh. Ceecum extremely small. But one species 
is known, A. bintwrong, the Binturong, an inhabitant of 
southern Asia ftom Nepal through the Malay Peninsula to 
the islands of Sumatra and Java. Although structurally 
agreeing closely with the Paradoxures, its tufted ears, long, 
coarse, and dark hair, and prehensile tail give it a very dif- 
ferent external appearance. It is slow and cautious in its 
movements, chiefly if not entirely arboreal, and appears to 
feed on vegetable as well as animal substances. 

Paradoxurus.—Dentition: 7%, ¢4, p 4, m 3=48; total 40. 
The blunt and rounded form of the cusps of the hinder pre-' 
molar and the molar teeth distinguishes this genus from 
most of the members of the family. Vertebree: C 7, D 13, 
L7,83, C 29-36. Head pointed in front. Earssmall, rounded, 
Body long. Limbs moderate. Palms and soles almost 
entirely naked. Claws completely retractile. Tail long, 
non-prehensile. The Paradoxures or Palm-Civets are less 
strictly carnivorous than the other members of the family. 
They are mostly about the size of the common cat, or rather 
larger, and are partly arboreal in their habits. The species 
are rather numerous, and present considerable variations in 
the details of the form and size of their molar teeth. They ~ 
are restricted geographically to southern Asia and the Indo- 
Malayan archipelago. The best known species are P. bondar, 
P. zeylanicus, P. typus, P. musanga, P. larvata, and P. grayi. 
P. virgata has been separated from the others, and raised into 
a distinct genus, Arctogale, on account of the smallness of 
the teeth and the elongation of the bony palate. Otherwise 
it seems not to differ from the others. 


Nandinia contains one species, N binotata, a somewhat 
aberrant Paradoxure, from West Africa. It is rather smaller 
than the true Paradoxures, has smaller and more pointed 
molar teeth, and no cecum. The wall of the inner chamber 
of the auditory bulla remains through life unossified. 

Hemigalea, another modification of the Paradoxure type, 
contains one species, H. hardwickti, from Borneo, an elegant- 
looking animal, smaller and more slender than the Para- 
doxures, of light gray color, with transverse broad dark 
bands across the back and loins. 3 


Oynogale also contains one species, C. bennettii, Gray (de- 
scribed by S. Miller under the name of Potamophilus barba- 
tus), from Borneo. This is a curious Otter-like modification 
of the Viverrine type, having semi-aquatie habits, both 
swimming in the water and climbing trees, living upon fish, 
crustacea, small mammals, birds and fruit, The number 
and general arrangement of its teeth are as in Paradoxurus, 
but the premolars are peculiarly elongated, compressed, 
pointed, and recurved, somewhat as in the Seals, though the 
molars are tuberculated, The head :s elongated, the muzzle 
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broad and depressed. Whiskers very long and abundant. 
Ears small and rounded. Toes short and slightly webbed at 
the base. Tail short, cylindrical, covered with short hair. 
Fur very dense and soft, of a dark brown color, mixed with 
black and gray. 


Subfamily Herpestinze.—Auditory bulla very promi- 
nent, and somewhat pear-shaped, the posterior chamber 
being large, rounded, and generally with its greatest promi- 
nence to the outer side. The anterior chamber considerably 
dilated, and produced into a short inferior wall to the audi- 
tory meatus, in which is a depression or vacuity just below 
the centre of the opening of the meatus. Sometimes this 
vacuity is continued into the meatus, forming a narrow 
fissure. The paroccipital process does not project beyond 
the bulla, but is spread out and lost (in adult animals) on 
its posterior surface. Toes straight; claws lengthened, 
exserted, non-retractile. 


Herpestes.—Dentition: i #,¢4, p #,sometimes 4, m 4; 40 or 
36. Teeth of molarseries generally with strongly-developed, 
sharply-pointed cusps. Skull elongated, constricted behind 
the orbits. Face short and compressed. Frontal region 
broad and arched. Postorbital process of frontal and malar 
bones well-developed, generally meeting so as to complete 
the circle of the orbit behind. Vertebre: C7, D13,L 7,83, 
C 21-26. Head pointed in front. Ears short and rounded. 
Body very long and slender. Extremities short. Vive toes 
on each foot, the first, especially that on the hind foot, very 
short. Toes free, or but slightly palmated. Palms naked. 
Distal portion of soles naked, under surface of tarsus and 
metatarsus clothed with hair. Tail long or moderate, gen- 
erally thick at the base, and sometimes covered with more 
or less elongated hair. The longer hairs covering the body 
and tail almost always annulated. This genus contains a 


* very large number of animals commonl|y called Ichneumons, 


or in India Mongooses, varying in size from that of a large 
Cat down to a Weasel. They are widely distributed over 
the African continent and the southern parts of Asia, espe- 
cially India and the Indo-Malayan archipelago, one species 
occurring also in Spain. They are mostly terrestrial in their 
habits, feeding on small mammals and birds, reptiles, espe- 
cially snakes, eggs of birds and reptiles, and also insects. 
Some species are partially domesticated, being used to keep 
houses clear of rats, mice and snakes. H. ichnewmon was a 
sacred animal to the ancient Egyptians. They vary consid- 
erably in appearance, some, as I. galera (also called paludi- 
nosus and robustus), are larger and heavier, with stouter 
body, longer limbs and stronger teeth. Others are small, 
with very elongated bodies and short legs. The tail also 
varies somewhat in length, and in the amount of hair with 
which it is covered. These trivial differences have given 
rise to the formation by some zoologists of very numerous 
genera, the characters of which are by no means clearly 
defined, but the following are the most distinct and gen- 
erally recognized. 

Helogale, premolars % contains two small South-African 
species, H. parvula and H. undulata, 

Bdeogale contains also two small Ichneumon-like animals, 
B. crassicauda and puisa, differing from Herpestes proper in 
having only four toes on each foot, both pollex and hallux 
being absent. The orbit is nearly complete, the tail of 
moderate length and rather bushy. 

Cynictis—Pollex present, but hallux absent. Skull 
shorter and broader than in Herpestes, rather contracted 
behind the orbits, which are large and complete behind, 
Face short. Anterior chamber of the auditory bulla very 
large. Front claws elongated. C. penicillata, from South 
Africa. 

All the foregoing Herpestines have the nose short, with 
its under surface flat, bald, and with a median longitudinal 
groove. The remaining forms have the nose more or less 
produced, with its under side convex, and a space between 
the nostrils and the upper lip covered with close adpressed 
hairs, and without any median groove. 

Rhinogale—Toes5-5. Claws of fore feet short, compressed, 
acute. Under surface of tarsus hairy. Founded on a sin- 
gle specimen from East Africa, R. mellert. 

Crossarchus.—Dentition: i 3, ¢ 4, p 3 m 4%; total 36. 
Snout elongated. Toes 5-5. Claws on fore feet long and 
curved. Hallux very short. Under surface of tarsus 
naked. Tail shorter than the body, tapering. Fur harsh. 
Species: C. obscurus, the Kusimanse, a small burrowing 
animal from West Africa, of uniform dark-brown color; 
C. fasciatus ; C. zebra; C. gambianus, 

Suricata.—A more distinct genus than any of the above. 
The dental formula as in the last, but the teeth of the mo- 
lar series remarkably short in the antero-posterior direc- 
tion, corresponding with the shortness of the skull gener- 
ally. Orbits complete behind. Vertebres: C7, D 15, L 6, 
S 3, C 20. . Though the head is short and broad, the nose is 
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pointed and rather produced and movable. Ears very short. 
Body short and limbs longer than in Herpestes. Toes 4-4, 
the pollex and hallux being absent. Claws on fore feet 
very long and narrow, arched, pointed, and subequal. 
Hind feet with much shorter claws, soles hairy. Tail 
rather shorter than the body. One species only is known, 
the Suricate, S. tetradactyla, a small gray-brown animal, 
with dark transverse stripes on the hinder part of the back, 
from South Africa. 

Galidictis, Galidia, and Hemigalidia are names of three 
slight generic modifications of the Viverrine type, allied 
to the Herpestina, but placed by Mivart in a distinct sub- 
family, Galidictine. They are all inhabitants of Madagas- 
car, The best known, Galidia elegans, is a lively Squirrel- 
like little animal with soft fur and a long bushy tail, which 
¢glimbs and jumps with agility. It is of a chestnut-brown 
color, the tail being annulated with darker brown. Gali- 


| dictis vittata and striata chiefly differ from the Ichneumons 


in their coloration, being gray with parallel longitudinal 
stripes of dark brown. 

Lupleres is another form, also from Madagascar, which 
has been placed in a subfamily apart. It differs remarka- 
bly from all the other Viverride in the weak development 
of the jaws and the small size of the teeth, in consequence 


Fie. 118,—Skull of Eupleres goudoti. 
Surgeons. 


#nat. size. Mus. Roy. Coll. 


of which it was, when first discovered, placed in the order 


Insectivora. Dentition: i #,¢4, p#,m3—=40. Vertebre: 
C7, D 18, L 7, S 3, C 20. But one species is known, L£. 
goudoti. 


Family Hy @NID &. 


No alisphenoid canal. Dorsal vertebree 15. Molars 4. 
Limited to the Old World. 

Subfamily Protelidee.—Auditory bulla divided into two 
distinct chambers. Premolar and molar teeth very small 
and simple in character. 

This group contains but a single species, belonging to the 
genus Proteles, P. cristatus, the Aard-Wolf or Earth-Wolf of 
the Dutch colonists of the Cape, an animal nearly allied to 
the Hyznas, but remarkably modified in its dentition, the 
molar teeth being very small, placed far apart, and almost 
rudimentary in character (see fig. 119). The canines are 
long and rather slender. The dental formula is i 3, ¢ 4, p 
and m ;+q=;.) total 30 or 32. Vertebre: C 7, D 15, L 
5,S2,C24. The fore feet with five toes; the pollex, though 
short, with a distinct claw. The hind feet with four 
subequal toes, Claws all strong, blunt, subcompressed, and 
non-retractile. The general external appearance is very 
like that of a small striped Hyzena, but the muzzle is more 
pointed and the ears larger. It has a copious mane of long 


Fig, 119.—Skull and Dentition of Proteles cristatus. 
Mus. Roy. Coll. Surgeons. 
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hair, capable of being erected, when the animal is excited, 
along the middle line of the neck and back. It is a native 
of South Africa, and is a burrowing nocturnal animal, feed- 
ing on decomposing animal substances, larva, and termites. 
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Observatioi s upon specimens in captivity indicate that it has 
neither inclination nor power to attack or feed upon living 
vertebrated animals. 

Subfamily Hyzenidee.—Auditory bulla not divided by 
a septum into two chambers. 

Hyxena.—Dentition : i 3,¢4, p$,m t= 2; total34. Teeth, 
especially canines and premolars, very large, strong, and 
conical. Upper sectorial with a very large, distinctly tri- 
lobed blade and a moderately developed inner lobe placed 
at the anterior extremity of the blade. Molar very small, 
and placed transversely close to the hinder edge of the last, 
as in the Felide. Lower sectorial consisting of little more 
than the bilobed blade. Zygomatic arches of cranium very 
wide and strong. Sagittal crest high, giving attachment 
to very powerful biting muscles. Orbits incomplete behind. 
Vertebre: C7, D15, L 5,84, C19. Limbs rather long, 
especially the anterior pair, digitigrade, four subequal toes 
on each, with stout non-retractile claws. Pollex and hallux 
only represented by rudimentary metacarpal and metatarsal 
bones. Tail rather short. A large post-anal median glan- 
dular pouch, into which the largely developed anal scent 
glands pour their secretion. 

The three existing species of Hyena (see HyaNA) are 
divisible into two sections to which some zoologists assign 
generic rank. 

1. Upper molar moderately developed and three-rooted. 
An inner tubercle and heel more or less developed on the 
Jower molar. Ears large, pointed. Hair long, forming a 
mane onthe back and shoulders. H. striata, the Striped 
Hyena, of northern Africa and southern Asia. ZH. brunnea, 
of south Africa, in some respects intermediate between this 
and the next section. 2. Genus Crocuta. Upper molar ex- 
tremely small, two- or one-rooted, often deciduous. Lower 
molar without trace of inner tubercle, and with an ex- 
tremely small heel. Ears moderate, rounded, Hair not 
elongated to form amane. H. erocuta or Crocuta maculata, 
the Spotted Hyena, from Africa south of the Sahara. In 
dental characters the first section inclines more to the 
Viverride, the second to the Felide ; or the second may be 
considered as the more specialized form, as it certainly is 
in its visceral anatomy, especially in that of the reproduc- 
tive organs of the female.t 

Extinct Hyenide.—Hyenas abounded in Europe from the 
Upper Miocene to the Pleistocene epoch, and a series of 
transitional forms from ancient generalized types merging 
into Viverridex, as Ictitherium and Hyxnictis (with additional 
tubercular molars), leading by gradual modifications during 
successive geological ages to the species now existing, have 
been traced by Gaudry. The Cave Hyena (H. spelea), once 
so abundant in Britain and other parts of Europe, is scarcely 
distinguishable specifically from the existing H. crocuta of 
Africa; and extinct forms found in France, described under 
the names of H. prisca and H, arvernensis, are probably the 
ancestors of H. striata. The existing H. brunnea seems to 
have preserved the characters of H. eximia of the Upper 
Miocene of Pikermi in Greece with little modification. 
There is at present no evidence of the existence of this 
group in America. ; 


Section CYNOIDEA. 


This section contains a single family, Canidz, or Dog-like 
animals, which appear to hold an intermediate position be- 
tween the other two sections, retaining also many of the 
more generalized characters of the ancient members of the 
order. The structure of the auditory bulla and adjacent 
parts of the bones of the skull is quite intermediate be- 
tween that of the Aluroid and Arctoid forms. In the 
number and arrangement of the teeth they more nearly 
approach the primitive heterodont type than any other ex- 
isting Carnivora. A cecum is always present, sometimes 
short and simple, but when long it is folded upon itself in 
a characteristic manner. 

The Dogs form a very compact group,composed of numerous 
species which closely resemble each other in essential char- 
acters, though differing considerably externally. The most 
marked differences are a slight variation in the number 
of the true molar teeth, which exceed the usual number in 
the Cape Long-eared Fox (Olocyon), and fall short of it in 
some other less aberrant forms to which the names of Icti- 
cyon and Cyon have been given, and a diminution in the 
number of toes in the Cape Hunting Dog (Lycaon), which 
has 4-4, instead of 5-4 as in the remainder of the family. 
After taking these away, there remain a great number of 
animals called Dogs, Wolves, Jackals, and Foxes, varying 


1 The anatomical peculiarities of Hyena crocuta have been fully 
elucidated in a series of papers by Morrison Watson, in the Pro- 
ceedings of the Zoological Society for 1877, 1878, 1879, and 1881, in 
which references to previous authors on the subject will be found. 
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from one another only in the characters of the tail, ears, 
fur, form of the pupil, and some trifling peculiarities of 
skull and teeth, upon which some authors have divided 
them into many genera. These divisions are, however, ex- 
tremely difficult, if not impossible, to define, on account of 
the numerous gradual transitions from one form to the 
other. 

Canis.—Pending further investigation, it will perhaps be 
safest to retain all the species, with the exceptions of Otocyon 
and Lycaon mentioned above, in the old genus Canis, the 
most prominent characters of which are the following. 
Teeth, usually 7 4, ¢ 4, p #, m 3=4%: total 42. Theabsence 
of the last upper molar (m 3), alone distinguishes this from 
the generalized dentition of heterodonts (see p. 356), and 
this tooth is occasionally present in one species (C. caneri- 
vorus). In certain Asiatic species (C. primevus and its 
allies, which on this account have been separated to form 
the genus Cyon of Hodgson, the last lower molar (m 3) ap- 
pears to be constantly absent, and in C, venaticus (genus 
Ieticyon, Lund) not only this but also m 2 is usually not 
developed. The milk dentition is di %, de 4, dm §=4; total 
28,—the first permanent premolar having no predecessor. 
The teeth of both permanent and milk or temporary series 
are figured at p. 356 (fig. 3). The upper sectorial p 4 consists 
of a stout blade, of which the anterior cusp is almost obso- 
lete, the middle cusp large, conical, and pointed backwards, 
and the posterior cusp in the form of a compressed ridge ; 
the inner lobe is very small, and placed quite at the fore 
part of the tooth. The first molar is more than half the 
antero-posterior length of the sectorial, and considerably 
wider than it is long; its crown consists of two prominent 
conical cusps, of which the anterior is the larger, and a low 
broad inward prolongation, supporting two more or less 
distinet cusps and a raised inner border. The second molar 
resembles the first in general form, but is considerably 
smaller. The lower sectorial m 1 is a very large tooth, with 
a strong compressed bilobed blade, the hinder lobe being 
considerably the larger and more pointed, a small but dis- 
tinct inner tubercle placed at the hinder margin of the 
posterior lobe of the blade, and a broad, low, tubereulated 
heel, occupying about one-third of the whole length of the 
tooth. The second molar is less than half the length of 
the first, with a pair of cusps placed side by side anteriorly, 
and a less distinct posterior pair. The third is an ex- 
tremely small and simple tooth with a subcircular tubercu- 
lated crown and single root. 

The cranium is more or less elongated, the facial portion 
tapering forwards and compressed. The jaws elongated. 
The zygomata moderately strong. The post-orbital pro- . 
cesses of the frontal short, leaving the orbit widely open 
posteriorly. Vertebre : C7, D 13, L 7,8 3,0 17-22. Clavi- 
cles present, but very rudimentary. Limbs of moderate 
proportions, digitigrade. Feet short; five toes on the fore 
foot, the pollex much shorter than the others, and not 
reaching to the ground. Four toes on the hind foot, the 
hallux being represented by a rudiment of the metatarsal.? 
All the toes are provided with exserted, non-retractile, 
slightly curved and blunt claws, which, being exposed, be- 
come worn at the tips. Tail moderate, or rather long, 
generally somewhat bushy. The pupil of the eye, when 
contracted, is in some species round, in others elliptical and 
vertical. 

This extensive genus may be considered as truly cosmo- 
politan. One or more species are found throughout the 
American continent from Greenland to Patagonia and the 
Falkland Isles; and similarly, in the Old World, Europe, 
Africa, and Asia, with most of thelargeislands adjacent, 
and even Australia, have their wild Dogs, though in 
the last case they probably belong to a feral race, intro- 
duced originally by man. They are generally sociable 
animals, hunting their prey in packs. Many species bur- 
row in the ground; none habitually climb trees. Though 
mostly carnivorous, feeding chiefly on animals they have 
chased and killed themselves, many, especially among the 
smaller species, eat garbage, carrion, insects, and also 
fruit, berries, and other vegetable substances. The species 
are very numerous, and, as in most other large genera, very 
ill-defined, few zoologists agreeing as to which of the many 
slightly different modifications may be considered as local 
varieties and which true species. Perhaps the best cranial 
character by which the different members of the genus 
can be distinguished is that pointed out by Burmeister, 
viz., that in the animals generally called Dogs, Wolves, and 
Jackals the post-orbital process of the frontal bone is regu- 


2In Domestic Dogs a hallux is frequently developed, though 
often in arudimentary condition, the phalanges and claw being 
suspended loosely in the skin, without direct connection with 
the other bones of the foot; it is called by dog-fanciers the “dew 
claw.” 
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larly smooth and convex above, with its extremity bent 
downwards, whereas in Foxes the process is hollowed above, 
with its outer margin (particularly of the anterior border) 
somewhat raised. This modification coincides in the main 
with that upon which Professor Huxley has recently! 
based his division of the group into two parallel series, the 
Thooids or Lupine forms and Alopecoids or Vulpine forms, 
which he characterizes by the presence of frontal air-sinuses 
in the former, which not only affects the external form 
but to a still greater degree the shape of the anterior part 
of the cranial cavity, and the absence of such sinuses in 
the latter. The pupil of the eye when contracted is round 
in most members of the first group, and vertically elliptical 
in the others, but more observations are required before 
this character can be absolutely relied upon. The form 
and length of the tail is often used for the purposes of 
classification, but its characters do not coincide with those 
of the cranium, as many of the South American Canidx 
have the long bushy tails of Foxes and the skulls of Wolves. 
Taking into account various combinations of these and 
other minor characters, the species may be arranged in the 
following groups, which some authors haye considered as 
of generic importance. 

A. Thooid or Lupine Series, 

(1) Canis proper contains the largest members of the ge- 
nus, the true Wolves of the northern parts of both Old and 
New Worlds (C. lupus, etc.), the Jackals of Southern Asia 
and Africa (C. aureus, mesomelas, etc.), and the various 
breeds of the domestic Dog (C. familiaris), the origin of 
which is still involved in obscurity. Some naturalists be- 
lieve it to be a distinct species, descended from one that no 
longer exists in a wild state; others have sought to find 
its progenitors in some one of the wild or feral races, either 
of true Dogs, Wolves, or Jackals; while others again be- 
lieve that it is derived from the mingling of two or more 
wild species or races. It is probably the earliest animal 
domesticated by man, and few if any other species have 
undergone such an extraordinary amount of variation in 
size, form, and proportion of limbs, ears, and tail, variations 
which have been perpetuated and increased by careful se- 
lective breeding. See DoG. The Dingo or Australian Dog is 
met with wild, and also as the domestic companion of 
the aboriginal people. Dogs were also in the posses- 
sion of the natives of New Zealand and other islands 
of the Pacific, where no placental mammals exist natu- 
rally, on their discovery by Europeans in the last 
century. (2) Cyon, wild dogs of the southeast of Asia, dis- 
tinguished by slight modifications as C. primevus, C. dukhen- 
ensis, and C. swmatrensis, differ from the above in wanting 
the small last lower tubercular molar. (3) Lycalopex is a 
group formed of certain South-American Canidex, distin- 
guished from Canis proper by their longer tails and Fox- 
like aspect :—C. cancrivorus, C. brasiliensis, C. melampus, C. 
vetulus, C. fulvicaudus, C. azare, CO. magellanicus, C. griscus, 
The last three have been further separated (under the 
name ef Psendulopex) on account of slight differences in the 
relative size of the molar teeth, and of their pupil being 
elliptical when contracted. (4) Nycterentes (one species, 
C. procyonides, from Japan and northeast Asia) has no 
claims to generic distinction but such as are founded upon 
its long loose fur, short ears, and short bushy tail, which 
give it some superficial resemblance toa Raccoon. (5) Icticy- 
im, with one small species, C. venaticus, the Bush Dog, from 
Guiana and Brazil, with close hair, and short legs and tail, 
has more reason to be regarded as a distinct form, as it is 
distinguished from all other Dogs by the reduction of its 
molar teeth to 4, and their comparatively small size. In 
consequence of this, and its general external characters, 
it was formerly placed among the Mustelidx, but its Canine 
affinities have now been thoroughly established. 

B. Alopecoid or Vulpine Series. 

(6) Vulpes, true Foxes. The species or varieties are 
numerous, and widely spread over North America, Eurasia, 
and Africa: C. vulpes, the common Fox of Europe; C. nilo- 
ticus, adustus, and variegatus, Africa; C. flavescens, montanus, 
bengalensis, japonicus, corse, Asin; C. fulvus, macrourus, velox, 
North America, The tail of the above is clothed with soft 
fur and long hair, uniformly mixed; from them Baird dis- 
tinguishes, under the name of Urocyon, other species which 
havea concealed erect mane of stiff hairs along the upper 
line of the tail. These have also a shorter muzzle and a 
wide space between the temporal crests; they are C. virgin- 
ianus and CO. littoralis, both from North America. The Arctic 
Fox (C. lagopus, genus Leucocyon, Gray) has the tail very 
full and bushy and the soles of the feet densely furred 
below. Its color changes according to season from bluish- 
gray topure white. (7) Fennecus. Certain small elegant 
African Foxes (C. cerdo, famelicus, and chama), with very 


1 Proc. Zool, Soc, Lond., 1880, p. 238. 
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|large ears and corresponding auditory bulle, have been 


separated under the above name. 

Lycaon.—This resembles in most of its characteristics the 
Dogs of the Lupine series, but the teeth are rather more 
massive and rounded, the skull shorter and broader, and it 
has but four toes on each limb, as in Hywna. The one 
species, L. pictus, the Cape Hunting Dog (fig. 120) from 
south and east Africa, is very distinct externally from all 


Fie. 120.—Cape Hunting Dog (Lyeaon pictus.) 


the other Canide. It is nearly as large as a mastiff, with 
large, broadly ovate erect ears, and singularly colored, 
being not only variable in different individuals, but un- 
symmetrically marked with large spots of white, yellow, 
and black. It presents some curious superficial resem- 
blances to Hyena crocuta, perhaps a case of mimetic ana- 
logy. It hunts its prey in large packs, i 

Otocyon.—Dentition: 1 %, ¢ 4, p 4, m = — 45"; total 46 
or 48. The molar teeth are thus in excess of any other 
known heterodont mammal. They have the same general 
characters as in Canis, with very pointed cusps. The lower 
sectorial shows little of its typical characters, having five 
cusps on the surface: these can, however, be identified as the 
inner tubercle, the two greatly reduced and obliquely placed 
lobes of the blade, and two cusps on the heel. The skull 
generally resembles that of the smaller Foxes, particularly 
the Fennecs. The auditory bulle are very large. The 
hinder edge of the mandible has a very peculiar form, 
owing to the great development of an expanded, compressed, 
and somewhat inverted subangular process. Vertebree: C7, 
D 13, L 7,83, C22. Ears very large. Limbs rather long. 
Toes 5-4. One species, O. megalotis, from South Africa, 
rather smaller than a common Fox. 

Professor Huxley looks upon this as the least differen- 
tiated or most primitive existing form of Canis, regarding 
the presence of the four molar teeth as a survival of a con- 
dition of the dentition exhibited by the common ancestors 
of the existing Canide and the existing carnivorous Mar- 
supials. There is, however, at present no paleontological 
proof of this, as none of the numerous fossil forms of Canidee 
yet discovered have more than the normal number of mo- 
lars. One of the best known of these is Amphicyon, from 
the Miocene strata of Europe and America, formerly sup- 
posed to have affinities with the Bears, having five toes on 
each foot, and being possibly plantigrade, but, as the struc- 
ture of the skull and teeth clearly show, only a generalized 
Dog, in which the true molars are fully developed. An- 
other genus, Cynodictis, of which many modifications haye 
been described by Filbol from the South of France, ap- 
proaches the Viverride, and may be a common ancestor of 
the Cynoid and Aluroid Carnivora. 


Section ARCTOIDEFA. 


The section Arctoidea includes a considerable number of 
forms which agree in the essential characteristics of the 
structures of the base of the cranium and reproductive or- 
gans, and in the absence of a cecum to the intestinal canal. 
They have no Cowper’s glands, and have a rudimentary 
prostate and a large cylindrical penial bone. All the 
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members of this group have five completely developed toes 
on each foot. 


Family MustELip 2. 


True molars 4 (or t+ in Mellivora). No alisphenoid canal. 
A large group widely diffused, especially in the northern 
temperate regions of the earth. The different genera are 
very difficult to arrange in any natural order. They are 
rather artificially divided, chiefly according to the charac- 
ters of their feet and claws, into the Otter-like (Lutrine), 
Badger-like (Meline), and Weasel-like (Musteline) forms. 

Subfamily Lutrinee.—Feet short, rounded, (except the 
hind feet of Enhydra). Toes webbed. Clawssmall, curved, 
blunt. Head broad and much depressed. Upper posterior 
molars large and quadrate. Kidneys conglomerate. Habits 
aquatic. 

Lutra.—Dentition: 7 3,¢ 4, p $m 4; total 36. Upper 
sectorial with a trenchant tricusped blade, and a very large 
inner lobe, hollowed on the free surface, with a raised sharp 
edge, and extending along two-thirds or more of the length 
of the blade. True molar large, with a quadricuspidate 
crown, broader than long. Skull broad and depressed, con- 
tracted immediately behind the orbits. Facial portion very 
short; brain-case large. Vertebree: C7, D 14-15, L 6-5, 8 3, 
C20-26. Body very long. Ears short and rounded. Limbs 
short. Feet completely webbed, with well developed claws 
on all the toes. Tail long, thick at the base and tapering, 
rather depressed. Fur short and close. 

The Otters are all more or less aquatic, living on the 
margins of rivers, lakes, and in some cases the sea, are ex- 
pert divers and swimmers, and feed chiefly on fish. They 
have a very extensive geographical range, and so much re- 
semble each other in outward appearance, especially in the 
nearly uniform brown coloring, that the species are by no 
means well-defined. See OTTER. 

L. sandbachti, a very large species from Demerara and 
Surinam, with a prominent ridge along each lateral margin 
of the tail, constitutes the genus Pteronura of Gray. 

Aonyx.—Feet only slightly webbed; claws exceedingly 


small or altogether wanting on some of the toes. First 
upper premolar very small, sometimes wanting. True mo- 


lars very broad and massive, presenting an approach to the 
form of the next genus. A. inunguis, South Africa ; A. lep- 
tonyx, Java, Sumatra. 

Inhydriodon.— Lf. sivalensis is a large extinct Otter-like 
animal described by Dr. Falconer from the Pliocene strata 
of the Subhimalayan mountains. 

Enhydra.—Dentition : i 3, ¢4, p %, m4; total 32. Differs 
from all other known Carnivora in having but two incisors 
on each side of the lower jaw, the one corresponding to the 
first (very small in the true Otters), being constantly absent. 
Thougl the molar teeth generally resemble those of Lutra 
in their proportions, they differ very much in the exceed- 
ing roundness and massiveness of their crowns and blunt- 
ness of their cusps. Feet webbed. Fore feet short, with 
five subequal toes, with short compressed claws. Hind 
feet very large, depressed and fin-like. The phalanges 
flattened as in the Seals. The fifth toe the longest and 
stoutest, the rest gradually diminishing in size to the first, 
all with moderate claws. Tail moderate, cylindrical. 

One species, 2, lutris, the Sea-Otter. It is larger than any 
of the true Otters, and is found only on the coasts and isl- 
ands of the North Pacific, where it was formerly very 

~ abundant, but is gradually becoming more and more rare, 
on account of the numbers killed annually for their valu- 
able fur. It is said to live on molluscs and crabs as well as 
fish, and the massive mill-like structure of the grinding 
teeth, so unlike that of all the known purely pisciyorous 
mammals, would seem to indicate some such diet. 

Subfamily Melinze.—Feet elongated. Toes straight. 
Claws non-retractile, slightly curved, subcompressed, 
blunt; those of the fore foot especially large. Upper pos- 
terior molar variable. Kidneys simple. Habits mostly 
terrestrial and fossorial. 

Mephitis—Dentition: i 3, ¢4, ps": m4; total 32-34. 
Upper molar larger than the sectorial, subquadrate, rather 
broader than long. Lower sectorial, with heel less than half 
the length of the whole tooth. Bony palate terminating 
posteriorly opposite the hinder border of the last molar 
tooth. Facial portion of skull short and somewhat trun- 
cated in front. Vertebree: C7, D16,L6,S 2,021. Head 
small. Body elongated. Limbs moderate, subplantigrade. 
Ears short and rounded. Tail long, abundantly clothed 
with very long fine hair. Anal glands largely developed ; 
their secretion, which can be discharged at the will of the 
animal, has an intolerably offensive odor, which cireum- 
stance has rendered the Skunks, as they are commonly 
called, proverbial. They are strictly nocturnal animals, 
terrestrial and burrowing, feeding chiefly on small mam- 
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mals, birds, reptiles, insects, worms, roots, and berries. All 
the known species have a prevalent black color, varied by 
white stripes or spots on the upper part. They generally 
carry the body much arched, and the tail erect, the long 
loose hair of which waves like a plume over the back, 
There are many species, all inhabitants of the American 
continent, over which they have an extensive range. See 
Skunk. The South American species, which have only 
two upper premolars, and differin some other characters, 
have been generically separated under the name of Cone- 
patus. 

Arctonyx.—Dentition: 1%, ¢ 4, p #,m4; total 38. Incisor 
line curved, the outer teeth being placed posteriorly to the 
others. Lower incisors proclivous. First premolars often 
rudimentary or absent. Upper molar much larger than 
the sectorial, longer in the antero-posterior direction than 
broad. Lower sectorial with very large, low, tuberculated 
heel. Cranium elongated and depressed; face long, nar- 
row, and concave above. Bony palate extending as far 
backwards as the level of the glenoid fossa, Palatal bones 
dilated. Suborbital foramina very large. Vertebre: C 7, 
D 16,L 4,84, € 20. Snoutlong, naked, mobile, and trun- 
cated, with large terminal nostrils, much like those of a 
Pig. Eyes small. Ears very small and rounded. Body com- 
pressed, rather than depressed. Limbs of moderate length 
and digitigrade in walking. Tail moderate, tapering. A 
full soft under fur, with longer, bristly hairs interspersed. 
The best known species is A. collavis, the Sand-Bear or 
Bhalt-soor (i.e, Bear-Pig) of the natives, found in the 
mountains of the northeast of Hindustan and Assam. It is 
rather larger than the English Badger, higher in its legs, 
and very Pig-like in general aspect, of a light gray color, 
with flesh-colored snout and feet; nocturnal and omniv: 
orous. Other species or local varieties have been described 
by A. Milne-Edwards from North Chinaand Tibet. 

Mydaus.— Dentition as the last, but the cusps of the teeth 
more acutely pointed. Cranium elongated, face narrow and 
produced. Suborbital foramen small, and the palate, as in 
allthe succeeding genera of this group, produced backwards 
about midway between the last molar tooth and the glenoid 
fossse. Vertebre: C 7, D 14-15, L 6-5,8 3,C 12. Head 
pointed in front; snout produced, mobile, obliquely trun- 
cated, the nostrils being inferior. Limbs rather short and 
stout. Tail extremely short, but clothed with rather long 
bushy hair. Anal glands largely developed, and emitting 
an odor like that of the American Skunks (Mephitis). One 
species, M. meliceps, the Teledu, a small burrowing animal, 
found in the mountains of Java, atan elevation of 7000 or 
more feet above the sea-level. 

Meles.—Dentition : i 4, ¢ 4, p $, m4; total 38. The first 
premolar in both jaws extremely minute and often decidu- 
ous. Upper molar very much larger than the sectorial, sub- 
quadrate, as broad as long. Lower sectorial with a broad, 
low, tuberculated heel, more than half the length of the 
whole tooth. The postglenoid processes of the skull are so 
strongly developed, and the glenoid fossa is so deep, that 
the condyle of the lower jaw is firmly held in its place 
even after all the surrounding soft parts are removed. 
Vertebre: C7, D 15, L 5,83, C18. Muzzle pointed. Ears 
very short. Body stout, broad. Limbs short, strong, sub- 
plantigrade. Tail short. The best known species is the 
common Badger (M. taxus) of Europe and northern Asia, 
still found in many parts of England, where it lives in 
woods, is nocturnal, burrowing, and very omnivorous, 
feeding on mice, reptiles, insects, fruit, acorns, and roots. 
Other nearly allied species, M. leucwrus and M. chinensis, are 
found in continental Asia, and M. anakuwma in Japan. 

Taxidea—Dental formula as in Meles, except that the 
rudimentary anterior premolars appear to be always want- 
ing in the upper jaw. The upper sectorial much larger in 
proportion to the other teeth. Upper molar about the same 
size as the sectorial, triangular, with the apex turned back- 
wards. Heel of lower sectorial less than half the length of 
the tooth. Skull very wide in the occipital region; the 
lambdoidal crest very greatly developed, and the sagittal but 
slightly, contrary to what obtains in Meles. Vertebree: C 
7,D 15,L5,S8 3, C(?). Body very stoutly built and depres- 
sed. Tailshort. The animals of this genus are peculiar 
to North America, where they represent the Badgers of the 
Old World, resembling them much in appearance and habits. 
T. americana is the common American Badger of the United 
States. 7. berlandieri, the Mexican Badger, is perhaps only 
a local variety. 

Mellivora.—Dentition ; i 3, ¢ 4, p 3,m 4; total 32. Upper 
sectorial large, with its inner cusp quite at the anterior 
end of the blade, as in the following genera; molar much 
smaller and transversely extended, having a very small 
outer and a larger rounded inner lobe. Heel of lower sec- 
torial very small, scarcely one-fourth of the whole length of 
the tooth, and with but one cusp. Tubercular molar absent. 
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Vertebree: C7,D 14, L4,84,C15. Body stout, depressed. 
Limbs short, strong. Head depressed, nose rather pointed. 
External ears rudimentary. Tail short. The animals of 
this genus are commonly called Ratels. M. indica, from 
India, and M. ratel and M. leuconota from South and West 
Africa, have nearly the same general appearance and size, 
being rather larger than acommon Badger. Their coloration 
is peculiar, all the upper surface of the body, head, and tail 
being ash-gray, while the lower parts, separated by a dis- 
tinct longitudinal boundary line, are black. They live 
chiefly on the ground, into which they burrow, but can 
also climb trees. They feed on small mammals, birds, rep- 
* tiles, and insects, and are said to be very partial to honey. 
Helictis.—Dentition: i %, ¢ 4, p$, m 4; total 38. Upper sec- 
torial with a large bicusped inner lobe. Molar smaller, 


wider transversely than in the antero-posterior direction. | 


Lower sectorial with heelabout one-third the length of the 


tooth. Skull elongated, rather narrow and depressed. Facial | 


portion especially narrow. Infra-orbital foramen very large. 
Head rather small and produced in front, with an elongated, 
obliquely truncated, naked snout. Ears small. Body 
elongated. Limbs short. Tail short or moderate, bushy. 
Several species are described (H. orientalis, moschata, nipal- 
ensis, subaurantiaca), all from eastern Asia, small animals 
compared with the other members of the subfamily, climb- 
ing trees with agility and living much on fruit and berries 
as well as on small mammals and birds. 
Ictonyx.—Dentition: 4%, ¢ 7, p 3, m4; total 34. In gen- 
eral characters the teeth much resemble those of the Pole- 


cats (Mustela\, being more delicately cut and sharply cusped | 


than in most of the foregoing. Upper molar smaller than 
the sectorial, narrow from before backwards. Lower sec- 
torial with a small narrow heel and distinct inner tuber- 
cle. General form of body musteline. Limbs short. Fore 
feet large and broad, with five stout, nearly straight, blunt, 
and non-retractile claws, of which the first and fifth are 
considerably shorter than the others. 
longer hairs towards the end, giving it a bushy appearance. 
Hair generally long and loose. The best known species of 
this genus, I. zorilla, the Cape Polecat, was placed by Cuvier in 
the genus Mustela, by Lichtenstein in Mephitis, and in many 
characters it forms a transition between these genera. 
is about the size of an English Polecat, but conspicuous by 


Tail moderate, with | 
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its coloration, having broad, longitudinal bands of dark | 


brown, alternating with white. Its odor is said to be as 
offensive as that of the American Skunks. From the Cape 
of Good Hope it ranges as far north as Senegal. Another 
species, I. frenata, from Sennaar, has been described. 


Subfamily Mustelinee.—Toes short, partially webbed; 
claws short, compressed, acute, curved, often semiretractile. 
Upper posterior molar of moderate size, wide transversely. 
Kidneys simple. Terrestrial and arboreal in habits. 

Galictis.—Dentition: 7%, ¢4,p 3, m+; total 34. Molars 
small but stout; upper sectorial with the inner lobe near 
the middle of the inner border of the tooth. Lower sec- 
torial with heel small, and inner tubercle small or absent. 
Body long. Limbsshort; claws non-retractile. Palms and 
soles naked. Head broad anddepressed. Tail of moderate 
length. The best-known species, G. vitatta, the Grison 
(genus Grisonia, Gray), and G. barbara, the Tafra (genus 
Galera, Gray), are both South-American ; G. allamandi is 
an intermediate form. 

Mustela.—Dentition :—i $,¢ 1, p 4, m4; total 38. Upper 
sectorial with inner lobe close to the anterior edge of the 
tooth. Molar nearly as large as sectorial. Lower sectorial 
with small inner tubercle. Vertebre; C7, D14, L6, 83, 
'O 18-23. Body long and slender. Limbs short, digiti- 

grade. Feet rounded; toes short, with compressed, acute, 
semiretractile claws. Tail moderate or long, more or less 
bushy. One species is British, M. martes, the Pine Marten ; 
the remainder inhabit the northern regions of Europe, 
Asia, and America. Many of the species, as the Sable (M. 
zibellina), yield fur of great value. See MARTEN. 
Putorius—The Gentition differs from that of Mustela 
chiefly in the absence of the anterior premolars of both 
jaws. The teeth are more sharply cusped, and the lower 
-sectorial wants the inner tubercle. External characters 
generally similar to those of the Martens, but the body is 
_longer and more slender, and the limbs even shorter. 
They are all small animals, of very active, blood-thirsty 
and courageous disposition, living chiefly on birds and 
small mammals, and are rather terrestrial than arboreal, 
dwelling among rocks, stones, and outbuildings. Some of 
the species, as the Stoat or Ermine (P. ermineus), inhabiting 
cold climates, undergo a seasonal change of color, being 
brown in summer and white in winter, though the change 
does not affect the whole of the fur, the end of the tail re- 
maining black in all seasons. This is a large genus, hav- 
ing a very extensive geographical range throughout the 
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Old and New Worlds, and includes the animals commonly 
known as Weasels, Polecats, Ferrets, and Minks. 

Gulo.—Dentition: 7 3, ¢ 4, p ¢, m4; total 38. Crowns of 
the teeth very stout. Upper molar very much smaller 
than the sectorial. Lower sectorial large, with very small 
heel and no inner tubercle. The dentition, though really 
but a modification of that of the Weasels, presents a great 
general resemblance to that of Hyena. Vertebre: C7, D 
15, L5, 83, C15. Body and limbs stoutly made. Feet 
large and powerful, subplantigrade, with large, compressed, 
much curved, and sharp-pointed claws. Soles of the feet 
(except the pads of the toes) covered with thick bristly 
hairs. Ears very small, nearly concealed by the fur. Eyes 
small. Tail short, thick,and bushy. Fur full, long, and 
rather coarse. The one species, the Wolverene or Glutton, 
G. luscus, an inhabitant of the forest regions of northern 
Europe, Asia, and America, much resembles a small Bear 
in appearance. It is a very powerful animal for its size, 
climbs trees, and lives on squirrels, hares, beavers, rein- 
deer, and is said to attack even horses and cows. 


Family PRocYONIDz. 


True molars %, obtusely tuberculated. No alisphenoid 
canal. Habitat exclusively American. 
Procyon.—Dentition : 14, c4, p 4, m %; total 40. The molar 
teeth broad and tubereulated. The upper sectorial with three 
cusps along the outer margin, and a very broad bicusped 
inner lobe, giving an almost quadrate form to the crown. 
First molar with a large tuberculated crown, rather broader 
than long. Second considerably smaller, with transversely 
oblong crown. Lower sectorial with an extremely small 


| and ill-defined blade, placed transversely in front, and a 
| large inner tubercle and heel. 


Second molar as long as 
the first, but narrower behind, with five obtuse cusps. Ver- 
tebree: C 7,D 14,L 6, S 3, C 16-20. Body stout. Head 
broad behind, but with a pointed muzzle. Limbs planti- 
grade, but in walking the entire sole is not applied to the 
ground as it is when the animal is standing. Toes, espe- 
cially of the fore foot, very free, and capable of being 
spread wide apart. Claws compressed, curved, pointed, and 
nonretractile. Tail moderately long, cylindrical, thickly 
covered with hair, annulated, non-prehensile. Fur long, 
thick, and soft. The well-known Raccoon (Procyon lotor) of 
North America is the type of this genus. ‘It is replaced in 


| South America by P. cancrivorus. 


Bassaris.—A form closely allied to Procyon, but of more 
slender and elegant proportions, with sharper nose, longer 
tail and more digitigrade feet, and with teeth otherwise 
like, but smaller, and more sharply denticulated. It was 
formerly, but erroneously, placed among the Viverride. 
Two species :—B. astuta, from the southern parts of the 
United States and Mexico, and B. swmichrusti, from Central 
America. 

Bassaricyon.—This name has recently (1876) been given 
to a distinct modification of the Procyonine type of which 
at present only two examples are known, one from Costa 
Rica and the other from Ecuador, which, appearing to be 
different species, have been named B. gabbi and B. alleni. 
They much resemble the Kinkajou (Cercoleptes) in exter- 
nal appearance, but the skull and teeth are more like those 
of Procyon and Nasua. 

Nasue.—Dentition as in Procyon, but the upper canines 
are larger and more strongly compressed, and the molars 
smaller. The facial portion of the skull is more elongated 
and narrow. Vertebre: C7, D 14, L 6,8 3, C 22-23. Body 
elongated and rather compressed. Nose prolonged into a 
somewhat upturned, ‘obliquely truncated, mobile snout. 
Tail long, non-prehensible, tapering, annulated. These 
animals, commonly called Coatis or Coati-Mundis, live in 
small troops of eight to twenty, are chiefly arboreal, and 
feed on fruits, young birds, eggs, insects, etc. Recent re- 
searches have reduced the number of supposed species to 
two, NV. narica of Mexico and Central America, and N. rufa 
of South America from Surinam to Paraguay. 

Cercoleptes.—Dentition: i 3, ¢4, p 3, m%—=36. Molars 
with low flat crowns, very obscurely tuberculated. Skull 
short and rounded, with flat upper surface. Vertebre: 
C7, D 14, L 6, 8 3, C 26-28. Clavicles present, but ina very 
rudimentary condition. Head broad and round. Ears short. 
Body long and musteline. Limbs short. Tail long, taper- 
ing, and prehensile. Fur short and soft. Tongue long and 
very extensile. But one species of this somewhat aberrant 
genus is known, C. caudivoluwlus, the Kinkajou, found in 
the forests of the warmer parts of South and Central Ame- 
rica. It is about the size of a Cat, of a uniform pale, yel- 
lowish-brown color, nocturnal and arboreal in its habits, 
feeding on fruit, honey, eggs, and small birds and mam- 
mals, and is of atolerably gentle disposition and easily 
tamed, 
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Family ATLURID#. 


Fermed for the reception of one genus, resembling the 
Procyonide in the number of true molar teeth, but differing 
in some cranial characters, especially the presence of an 
alisphenoid canal, and in its Asiatic habitat. 

Ailurus.—Dentition: i 4%, ¢4, p 3, m 3; total 38. First 
lower premolar very minute and deciduous. Molars re- 
markable for their great transverse breadth, and the nu- 
merous cusps of their crowns. Vertebree : C7, D 14, L6,8 3, 
C18. Skull high and compressed. Facial portion short. 
Ascending ramus of mandible extremely high. Head round. 
Face short and broad. [ars large, erect, pointed. Limbs 
stout, plantigrade, with large blunt non-retractile claws. 
Tail nearly as long as body, cylindrical, clothed with long 
hairs. Furlong and thick. One species, A. fulgens, the 
Panda, rather larger than a Cat, found in the southeast 
Himalayas, at heights of from 7,000 to 12,000 feet above the 
sea, among rocks and trees, and chiefly feeding on fruits 
and other vegetable substances. Its fur is of a remarkably 
rich reddish-brown color, darker below. 


Family URSID®. 


True molars 4, with broad, flat, tuberculated crowns. 
The three anterior premolars of both jaws rudimentary and 
often deciduous. Fourth upper premolar (sectorial) with 
no third or inner root. No alisphenoid canal (except in 
Ailuropus). Kidneys conglomerate. Geographical distribu- 
tion extensive. 

Ailuropus.—An interesting annectant form connecting 
the true ‘Bears with Ai/urus and with several extinct genera. 
Dentition: 7 4, ¢4, p 4, m 4%; total 40. Premolars increasing 
in size from first to last, and two-rooted except the first. 
First upper molar with quadrate crown, broader than long. 
Second larger than the first. Cranium with zygomatic arches 
and sagittal crest immensely developed, and ascending ramus 
of mandible very high, giving greater spaces for attach- 
ments of temporal muscle than in any other existing mem- 
ber of the order. Facial portion short. Bony palate not 
extending behind the last molar tooth. An alisphenoid 
canal. Feet bear-like, but soles more hairy, and perhaps 


From A. Milne-Edwards. 


less completely plantigrade. Fur long and thick. Tail 
very short. One extremely rare species, A. melanoleucus 
(fig. 121) discovered by Pére David in 1869, in the most 
inaccessible mountains of eastern Tibet. Said to feed 
principally on roots, bamboos, and other vegetables. It is of 
the size of a small Brown Bear, of a white color, with ears, 
spots round the eyes, shoulders and limbs black. 
Ursus.—Dentition: « 3, ¢ +, p $,m 3=42. The three 
anterior premolars above and below one-rooted, rudi- 
mentary, and frequently wanting. Usually the first (placed 
close to the canine) is present, and after a considerable 
interval the third, which is situated close to the other 
teeth of the molar series. The second is very rarely present 
in the adult state. The fourth (upper sectorial) differs 
essentially from the corresponding tooth of other Car- 
nivores in wanting the inner lobe supported by a distinct 
root. Itssectorial characters are very slightly marked. The 
crowns of both the true molars are longer than broad, with 
flattened, tuberculated, grinding surfaces, The second has 


a large backward prolongation or heel. The lower sectorial 
>. 


Fic. 121.—Adluwropus melanoleucus. 
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has a small and indistinct blade and greatly developed 
tubercular heel. The second molar is of about the same 
length, but with a broader and more flattened tubercular 
crown. The third issmaller. The milk teeth are compara- 
tively small, and shed at an early age. Skull more or less 
elongated. Orbits small and incomplete behind. Palate 
prolonged considerably behind the last molar tooth. Verte- 
bree: C7, D 14, L 6,85, C 8-10. Body heavy. Feet broad, 
completely plantigrade. The five toes on each foot all well- 
developed, and armed with long compressed and moderately 
curved, non-retractile claws. Palms and solesnaked. Tail 
very short. Ears moderate, erect, rounded, hairy. Fur 
generally long, soft, and shaggy. 

The Bears are all animals of considerable bulk, and in- 
clude among them the largest members of the order. 
Though the species are not numerous, they are widely 
spread over the earth’s surface (but absent from the Ethio- 
pian and Australian regions, and only represented by one 
species in the Neotropical] region), and differ much among 
themselves in their food and manner of life. They are 
mostly omnivorous or vegetable feeders, and even the Polar 
Bear, usually purely carnivorous or piscivorous, devours 
grass with avidity in summer. The various species may 
be grouped in the following sections. (1) Thalassarctos. 
Head comparatively small, molar teeth small and narrow. 
Soles more covered with hair than in the other sections, 
U. maritimus, the Polar or White Bear of the Arctic regions. 
(2) Ursus proper. U. arctos, the common Brown Bear of 
Europe and Asia, a very variable species, to which U.. 
syriacus and isabellinus, if distinct, are nearly related; U. 
horribilis, the Grizzly Bear, an American representative 
form; U. tibetanus, japonicus, and americanus, the Black 
Bears of the Himalayas, Japan, and North America; U. 
ornatus, the Spectacled Bear of the Peruvian Andes. (3) 
Helarctos. Head short and broad. Molar teeth compara- 
tively broad (but the length still exceeding the breadth). 
Tongue very long and extensile. Fur short and smooth. 
U. malayanus, the Malay Bear or Sun Bear. See BEAR. 

Melursus. This differs from the true Bears in the first 
upper incisor being absent or shed at a very early age, in 
the very small size of the other teeth, in the very large 
extensile lips, and in other minor characters. The one 
species, M. labiatus, the well-known Sloth Bear of India, feeds 
chiefly on black ants, termites, beetles, fruit, honey, ete. 

The great Cave Bear, the remains of which are found so 
abundantly in caves of Pleistocene age in Europe, was a true 
Ursus, and as much or more specialized as any existing 
species, as it had lost its three anterior premolars in the 
adult state, but in Ursus arvernensis and older species from 
the Pliocene they were all retained. Still more generalized. 
forms of Bears, presenting various degrees of transition 
towards a common Carnivorous type, are represented by 
the genera Arctotherium from South America and Hyznarctos 
of Miocene strata of Europe and Asia, and others which are 
not far removed (at least in dental characters) from such 
primitive Dog-like types as Amphicyon. 


EXTINCT CARNIVORA OF DOUBTFUL POSITION. 


The discovery of fossil remains in Eocene and early 
Miocene farmations both in Europe and North America, 
shows that numerous species of terrestrial carnivorous ~ 
animals existed upon the earth during those periods, which 
cannot be referred to either of the sections into which the 
order has now become broken up. Bysome zoologists these 
have been supposed to be Marsupials, or at least to show 
transitional characters between the Didelphous and Mono- 
delphous subclasses. By others they are looked upon as 
belonging altogether to the latter group, and as the com- 
mon ancestors of existing Carnivores and Insectivores, or 
perhaps rather as descendants or relatives of such common 
ancestors, retaining more of the generalized characters 
than any of the existing species. They shade off almost 
insensibly into numerous other forms less distinctly car- 
niyorous, to the whole of which, including the modern 
Insectivora, Cope (to whom we are indebted for our princi- 
pal knowledge of the American extinct species) gives the 
name of BUNOTHERIA, those more specially related to the 
existing Carnivora torming the suborder Creodonta, which 
is divided into the five families, Arctocyonide, Miacide, 
Oxyenide, Amblyctonide, and Meronychide, These are cases, 
however, in which the application of the principles of 
classification adopted in the case of existing species, of 
which the entire structure is known, and which have be- 
come divided into isolated groups by the extinction of in- 
termediate forms, is really impossible. If the generally 
accepted view of evolution is true. and the extreme modi- 
fications pass insensibly into each other by minute grada- 
tions (a view the paleontological proof ot which becomes 
strengthened by every fresh discovery), there must be 
many of these extinct forms which cannot be assigned to 


t 


behind the principal one, 
_tuberculated. The milk teeth are very small and sim- 
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definitely characterized groups. There are, however, some 
which stand out prominently from the others as formed 
on distinct types. having no exact representatives at present 
living on the earth. Of these the best-known is that 


Fie, 122.—Dentition of Myzenodon leptorhynchus (Lower Miocene, 
France). The posterior molar is concealed behind the penulti- 
mate tooth. 

named Hyznodon, of which, with the nearly allied Pterodon, 

many species have been found both in Europe and America, 

They had the full number of forty-four teeth, grouped in 

the usual manner, and the incisors, canines, and premolars 

were formed upon. the ordinary Carnivorous type as now 
seen in the Canide, the fourth premolar above and the first 
true molar below being formed upon the “sectorial” plan, 
but the teeth behind these, instead of being tuberculated 
as in all existing Carnivora, repeated the characters of the 
sectorial, and also increased in size, especially in the lower 
jaw, from before backwards. They thus present some 
resemblance to the teeth of such carnivorous Marsupials as 
the Dasyuride ; but, as the researches of Filhol have 
demonstrated, their milk dentition follows precisely the 
rule of existing placental heterodont mammals, and not 
that characteristic of the Marsupials. They show, moreover, 
none of the essential cranial modifications which distin- 
guish true Marsupials. The curious American genus Oxena 
seems to have been a specialized form of this type, and the 

European Proviverra or Cynohyenodon of Filhol) forms a 

complete transition between it and the Viverride. In 

Aretocyon primzvus, the oldest known Tertiary mammal, 

from the lowest Eocene beds of La Fére, department of 

Aisne, France, on the other hand, all the molars were tu- 

bereulated, and have been compared with those of the Pro- 

cyonide and also Gymnura, among the Insectivora. The 
small size of the brain of these early forms is not, as has 
been supposed, a special Marsupial character, but is com- 
mon to the primitive forms of all groups of vertebrates. 

Mesonyx, from the Eocene of North America, seems to have 

been avery generalized form, with flat blunt claws, and 

long and slender tail. Cope makes the interesting sugges- 
‘tion that this may have been in the ancestral line of the 

Pinnipeds, but his statement that the scaphoid and lunar 

bones of the carpus were distinct offers a decided difficulty 

to the acceptance of this view. 


; SUBORDER PINNIPEDIA. 


These differ from the rest of the Carnivora mainly 
in the structure of their sane which are modified for 
aquatic progression,—the two proximal segments 
being very short and artially enveloped in the general 
integument of the body, while the third segment, espe- 


- cially in the hinder extremities, is elongated, expanded, 


and webbed. There are always five well- developed 
digits on each limb. In the hind limb the two margi- 
nal digits (first and fifth) are stouter and generally 
larger than the others. The teeth also differ from 
those of the more typical Carnivora. The incisors are 
always fewer than 3. The molar series consists gen- 
erally of four premolars and one molar of very uniform 
characters, with never more than two roots, and with 
conical, more or less compressed, pointed crowns, 
which may have accessory cusps, placed before or 
but are never broad and 


ple, and are-shed or absorbed at a very early age, 
Vou. XV.—711 
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usually either before or within a few days after birth. 
The brain is relatively large, the cerebral hemispheres 
broad in proportion to their length, and with numer- 
ous and complex convolutions. There is a very short 
cecum. The kidneys are divided into numerous dis- 
tinct lobules. here are no Cowper’s glands. Mam- 
mee two or four, abdominal. Noclavicles. Tail always 
very short. yes very large and exposed, with flat cor- 
nea. ‘Ihe nostrils close by the elasticity of their walls, 
and are opened at will by muscular action. 

The animals of this group are all aquatic in their 
mode of life, spending the greater part of their time 
in the water, swimming and diving with great facility, 
| feeding mainly on fish, crustaceans, and other marine 
animals, and progressing on land with difficulty. They 


mi always come on shore, however, for the purpose of 


bringing forth their young. They are generally marine, 
but they occasionally ascend large rivers, and some in- 
habit inland seas and Jakes, as the Caspian and Baikal. 
Though not numerous in species, they are widely dis- 
tributed over the world, but occur most abundantly on 
the coasts of lands situated in cold and temperate 
zones. The suborder is divisible into three well- 
marked families :—the Otar/ide or Sea Bears, which 
form a transition from the Fissiped Carnivora to the 
Seals; the Zrichechidw, containing the Walrus; and 
the Phocide or typical Seals. 


Family OTARIID#. 


When on land the hind feet are turned forwards under 
the body, and aid in supporting and moving the trunk as 
in ordinary quadrupeds. A small external ear. Testes 
suspended in a distinct external scrotum. Skull with post- 
orbital processes the alisphenoid canal. Palms and soles 
of feet naked. 

Otaria.—Dentition: i 3, ¢ 4, p 4, m**?; total 34 or 36. 
First and second upper incisors small, with the summits of 
the crowns divided by a deep transverse groove into an an- 
terior and a posterior cusp of nearly equal height; the third 
large and canine-like. Canines large, conical, pointed, re- 
curved. Molars and premolars, usually 2, of which the 
second, third, and fourth are preceded by milk teeth shed a 
few days after birth; sometimes (as in fig. 123) a sixth upper 
molar (occasionally developed on one side and not the 
other); all with similar characters, generally uniradicular ; 
crown moderate, compressed, pointed, with a single prin- 
cipal cusp, and sometimes a cingulum, and more or less 
developed anterior and posterior accessory cusps. Ver- 
tebre: C7, D15, L 5,8 4, € 9-10. Head rounded. Eyes 
large. Pinna of ear small, narrow, and pointed. Neck 
long. Skin of all the feet extended far beyond the nails 
and ends of the digits, with a deeply-lobed margin. ‘The 
nails small and often quite rudimentary, especially those 


Fre. 123.—Skull and Dentition of Otaria fags From ne Proce. 
Zool. Soc., 1872, p. 6 

of the first and fifth toes of both ane the best-developed 

and most constant are the three middle claws of the hind 

foot, which are elongated, compressed, and curved. 

The Otariz, or Eared Seals, commonly called Sea Bears or 
Sea Lions, are widely distributed, especially in the tem- 
perate regions of both hemispheres, though absent from the 
coasts of the North Atlantic. As might be inferred from 
their power of walking on all fours, they spend more of 
their time on shore, and range inland to greater distances, 
than the true Seals, especially at the breeding time, though 
they are obliged always to return to the water to seek their 
food. They are gregariousand polygamous, and the males 
are usually much larger than the females, a circumstance 
which has given rise to some of the confusion existing in 
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the specific determination of the various. members of the 
genus. Some of the species possess, in addition to the stiff, 
close, hairy covering common to-all the group, an exceed- 
ingly fine, dense, woolly under fur, The skins of these, 
when dressed and deprived of the longer harsh outer hairs, 
constitute the “sealskin ” of commerce, so much valued for 
wearing apparel, which is not the product of any of the 
true Seals. The best-known species are QO. stelleri, the 
Northern Sea Lion, the largest of the genus, from the North 
Pacific, about 10 feet in length ; O. jubata, the Southern Sea 
Lion, from the Falkland Islands and Patagonia ; O. califor- 
niana, from California, frequently exhibited alive in mena- 
geries in Europe; O. ursina, the common Sea Bear or Fur 
Seal of the North Pacific, the skins of which are imported 
in immense numbers from the Prybiloff Islands; O. pusilla, 
from the Cape of Good Hope; 0. forsteri and others, from 
the coasts of Australia and various islands scattered over 
the southern hemisphere. These have been grouped by 
some zoologists into many genera, founded upon very 
trivial modifications of teeth and skull. 


Family TRICHECHID&. 


In many characters the single genus comprising this family 
is intermediate between the Otartide and Phocide, but it 
has a completely aberrant dentition. It has no external 
ears, as in the Phocide ; but when on land the hind feet are 
turned forwards and used in progression, though less com- 
pletely than in the Otariide. The upper canines are de- 
veloped into immense tusks, which descend a long distance 
below the lower jaw. All the other teeth, including the 
lower canines, are much alike, small, simple and one-rooted, 
the molars with flat crowns. The skull is without post- 
orbital process, but has an alisphenoid canal. 

Trichechus, Linn, ; Odobenus, Brisson (which some modern 
zoologists haye revived).—Dentition of young: 7 4, ¢ +, p 
and m 4. Many of these teeth are, however, lost early or 
remain through life in a rudimentary state, concealed by 
the gums. The teeth which are usually developed func- 
tionally are 7 4, c 4, p 4, m $; total18. Vertebree: C7, D14, 
L6,S8 4,C 9. Head round. Eyes rather small. Muzzle 
short and broad, with on each side a group of long, very 
stiff, bristly whiskers. The remainder of the hair cover- 
ing very short and adpressed. Tail very rudimentary. 
Fore feet with subequal toes, with five minute flattened 
nails. Hind feet with subequal toes, the fifth slightly the 
largest, with cutaneous lobes projecting beyond the ends as 
in Otaria; first and fifth with minute flattened nails; 
second, third, and fourth with large, elongated, subcom- 
pressed pointed nails. 

The Walrus or Morse (7. rosmarus) is found throughout the 
circumpolar regions, those of the North Atlantic and North 
Pacific being considered by some zoologists as distinct species, 
by others as local varieties. It is gregarious, but, owing 
to the destruction by the sealers for the sake of its tusks, 
oil, and hide, it is far less abundant than formerly. The 
use of the great tusks (which are developed in both sexes, 
though in the female they are more slender than in the 
male) appears to be for scraping and digging among the 
sand and shingle for the molluscs and crustaceans which 
form its principal sustenance; they are also formidable 
weapons of defence. 


Family PHocipm. 


The true Seals are the most completely adapted for aquatic 
life of ull the Pinnipeds. When on land the hind limbs 
are extended behind them and take no part in progression, 
which is effected by a series of jumping movements pro- 
duced by the muscles of the trunk, in some species aided by 
the fore limbs only. The palms and soles of the feet are 
hairy. There is no pinna to the ear, and no scrotum, the 
testes being abdominal. The upper incisors have simple, 
pointed crowns, and vary in number in the different 
groups. All have well-developed canines and £ teeth of the 
molar series. In those species of which the milk dentition 
is known, there are three milk molars, which precede the 
second, third, and fourth permanent molars; the dentition 
is therefore p 4, m 4, the first premolar haying as usual no 
milk predecessor. The skull has no post-orbital process 
and no alisphenoid canal. The fur is stiff and adpressed, 
without woolly under fur, 

Subfamily Phocinge.—Incisors 3. All feet with five 
well-developed claws. The toes on the hind feet subequal, 
the first and fifth not greatly exceeding the others in 
length, and with the interdigital membrane not extending 
beyond the toes. 

Halicherus.—Dentition : 1%, c}, p4, m4; total 34. Molars 
with large, simple, conical, recurved, slightly compressed 
crowns, with sharp anterior and posterior edges, but with- 
out accessory cusps, except sometimes the two hinder ones 
of the lower jaw. With the exception of the last one or 
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‘two in the upper jaw and the last in the lower jaw they are 
all uniradicular. Vertebree: C7, D 15, L. 5,8 4, C 14. 

One species, 7. grypus, the Gray Seal of the coasts of 
Scandinavia and the British Isles. 

Phoca.—Dental formula as the last. Teeth smaljler and 
more pointed. Molars with two roots (except the first in 
each jaw). Crowns with accessory cusps. Vertebree: © 7, 
D 14-15, L 5,84, C 11-14. Head round and short. Fore 
feet short, with five very strong, subcompressed, slightly 
curved, rather sharp claws, subequal in length. On the 
hind feet the claws much narrower and less curved, 
The species of this genus are widely distributed throughout 
the northern hemisphere, and include P. barbata, the 
Bearded Seal; P. grenlandica, the Greenland Seal ; P. vitu- 
lina, the Common Seal; and P. hispida the Ringed Seal of 
the North Atlantic; P. caspica, from the Caspian and Aral 
Seas; and P. siberica, from Lake Baikal. See SEAL. . 

Subfamily Stenorhynchinz.—Incisors #.—Molars two- 
rooted, except the first. On the hind feet the first and fifth 
toes greatly exceeding the others in length, with nails 
rudimentary or absent. 

Monachus.—Deutition: «3, ¢ 4, p 4, m 4; total 32. Crowns 
of molars strong, conical, compressed, hollowed on the inner 
side, with a strongly-marked lobed cingulum, especially on 
the inner side, and slightly developed accessory cusps before 
and behind. The first and last upper and the first lower 
molar considerably smaller than the others. Vertebree: 
C7,D15,L5,82,C 11. All the nails of both fore and 
hind feet very small and rudimentary. One species, M. 
albiventer (Pelagius monachus of some authors), the Monk Seal 
of the Mediterranian and adjacent parts of the Atlantic. 

The other genera of this section have the same dental 
formula, but are distinguished by the characters of the 
molar teeth and the feet. They are all inhabitants of the 
shores of the southern hemisphere. 

Stenorhynchus (Ogmorhinus, Peters).—All the teeth of the 
molar series with three distinct pointed cusps, deeply sepa- 
rated from each other; of these the middle or principal 
cusp is largest and slightly recurved; the other two (ante- 
rior and posterior) are nearly equal in size, and haye their 
apices directed towards the middle one. Skull much 
elongated. One species, S. leptonyx, the Sea Leopard, 
widely distributed in the Antarctic and southern tem- 
perate seas. 

Lobodon.—Molars with much-compressed elongated 
crowns, with a principal recurved cusp, rounded and some- 
what bulbous at the apex, and with one anterior, and one, 
two, or three posterior, very distinct accessory cusps. One 
species, L. carcinophaga. 

Leptonyz.—Molars small, with simple subcompressed, 
conical crowns, with a broad cingulum, but no distinct 
accessory cusps. LL. weddellii. 

Ommatophoca.—All the teeth very small; those of the 
molar series with pointed recurved crowns, and small pos- 
terior and still less developed anterior accessory cusps. 
Orbits very large. Nails quite rudimentary on front and 
absent on hind feet. The skull bears a considerable resem- 
blance to that of the members of the next subfamily, 
towards which it may form a transition. There is one 
species, O. rossii, of which very little is known. 

Subfamily Cystophorinz.—Incisors %. Teeth of molar 
series generally one-rooted. Nose of males with an ap- 
pendage capable of being inflated. First and fifth toes of 
hind feet greatly exceeding the others in length, with pro- 
longed cutaneous lobes, and rudimentary or no nails. 

Cystophora.—Dentition: 7 %, ¢ t, p 4, m 4; total 30. The 
last molar has generally two distinct roots, Beneath the 
skin over the face of the male, and connected with the 
nostrils, is a sack capable of inflation, when it forms a kind 
of hood covering the upper part of the head, Nails present, 
though small on the hind feet. C. cristata, the Hooded or 
Bladder-Nose Seal of the Polar Seas. 

Macrorhinus.—Dentition as the last, but molars of simpler 
character, and all one-rooted. All the teeth, except the 
canines, very small relatively to the size of the animal. 
Hind feet without nails. Vertebre: C7, D15, L 5,84, C 
11. Nose of adult male produced into a short tubular pro- 
boscis, ordinarily flaccid, but capable of dilatation and 
elongation under excitement. One species, M. leonina, the 
Elephant Seal, or “Sea Elephant” of the whalers, the 
largest of the whole family, attaining the length of nearly 
20 feet. Formerly abundant in the Antarctic Seas, and also 
found on the coast of California, 


EXTINCT PINNIPEDS. 


Remains of animals of this group have been found in 
late Miocene and Pliocene strata in Enrope and America, 
the most abundant and best preserved being those of the 
Antwerp Crags, the subject of a recent illustrated mono- 
graph by Van Beneden. Nothing has, however, yet been 
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discovered which throws any light upon the origin of the 
group, as all the extinct forms at present known come 
within the definition of the existing families; and, though 
annectant forms between these occur, there are as yet no 
transitions to a more generalized type of mammal. Indeed, 
all those of which the characters are best known belong to 
the completely developed Phocine or Trichechine, not to 
the Otarine, type. The structure of the Pinnipeds is so 
clearly a modification of that of the terrestrial Carnivores, 
especially of the Arctoid type, that it is difficult to imagine 
that they can have had any other origin but one in common 
with that group; but the separation must have taken place 
early in the Tertiary epoch, if not before. 


_ Bibliography of Pinnipedia.—J. A. Allen, History of North Ameri- 
- can Pinnipeds, 1880; P. J. Van Beneden, Ossements fossiles d' Anver's, 
pt. i., 1877. 


Orper PRIMATES. 


This order in the system of Linnseus includes Man, 
all the Monkeys, the Lemurs, and the Bats. By 
common consent of all zoologists the last-named ani- 
mals have been removed into a distinct order. With 
regard to the association of the others, there has been, 
and still is, much difference of opinion. 

That all the Monkeys, from the highest Anthropoid 
Apes to the lowest Marmosets, form a natural and 
tolerably homogeneous group seems never to have been 
questioned; but whether the Lemurs on the one hand 
and Man on the other should be united with them in 
the same order are points of controversy. With regard 
to the first, the question has already been referred to 
in the article Lemur, in which an account has been 
given of the characters and the principal modifications 
of the type. If, in accordance with the traditional 
views of zoologists, they are still considered to be 
members of the order Primates, they must form a sub- 
order apart from all the others, with which they have 
really very little in common except the opposable 
hallux of the hind foot, a character also met with in 
the Opossums, and which is therefore of very sec- 
ondary importance. 

The history of all the various forms of true Mon- 
keys is very fully given in the article Apr. The 
position of Man alone remains to be considered. In 
the Systema Nature of Linnzeus he was separated 
only generically from the Apes, but in the next great 
work which exercised a widespread influence over the 
progress of zoological science, the Regne Animal of 
Cuvier, he forms a distinct order under the name of 
Bimana, the Monkeys and Lemurs being associated to- 
gether as Quadrwmana. This has been the prevailing 
arrangement in the zoological systems of the present 
century, though in the classification of Owen his position 
is still farther removed from that of the Monkeys, asin 
it the genus Homo forms one of the four primary divi- 
sions or subclasses of the Mammalia, called Archen- 
cephala, the Quadrumana being united with the Car- 
mivora, Ungulata, and others in another division called 
Gyrencephala. On the other hand the tendeney of 
most modern systematists, for reasons which have been 
fully stated by Professor Huxley,' is to revert towards 
the Linnzean position. Considering solely the facts of 
Man’s bodily structure, it can be clearly demonstrated 
that the points in which he differs from the most 
nearly resembling Ape are not of greater importance 
/ than those by which that Ape differs from other uni- 
versally acknowledged members of the group; and 
therefore, in any natural system, if Man is to be made 
a subject of zoological classification upon the same 
principles as those applied elsewhere, he must be in- 
cluded in the order which comprises the Monkeys. 
We say upon the same principles as are applied else- 
where, as zoological classification has never taken into 
consideration the psychological characteristics which 
distinguish the subjects of its investigations, but only 
their tangible and physical structure, otherwise endless 


1 Man's Place in Nature, 1863, and Anatomy of Vertebrated Animals, 
1871. See also the more recent investigations of Broca into the 
comparative structure of Man and the higher Apes, published 
Bacay in the Revue d’ Anthropologie. 
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confusion would result, at all events with our very im- 
perfect knowledge of animal psychology. The essen- 
tial attributes which distinguish Man, and give him a 
perfectly isolated position among living creatures, are 
not to be found in his bodily structure, and therefore 
should either: be left entirely out of consideration or 
have such weight given to them as would remove him 
completely out of the region of zoological classification. 
To profess to classify Man as if he were one of the 
animals, as in all points of the structure and functions 
of his organs he undoubtedly is, to place him in the 
class Mammalia, and then to allow other considera- 
tions to influence the judgment as to the particular 
position he should occupy in the class, is most illogical. 

Man, therefore, considered from a zoological point 
of view, must be included in the order Primates, even 
if the Lemurs are removed from it, as his structural 
affinities with the Monkeys are far closer than are those 
of the so-called ‘‘ Half-Apes.’? We may, without 
treading upon debatable ground, go farther, and say 
that the differences between Man and the Anthropoid 
Apes are really not so marked as those which separate 
the latter from the American Monkeys. Perhaps the 
best exposition of the facts relating to the present con- 
dition of the order will be a division into five sections, 
which may be considered as families, of course without 
intending to imply that they are exactly equivalent, or 
that the intervals which separate them are of precisely 
the same importance, but that they are five distinct 
groups, all branches from a common stem, and uncon- 
nected in the present condition of nature by any inter- 
mediate forms. These are—(1) Hominidce, contain- 
ing Manalone: (2) Simaide, containing the four genera 
of Man-like Apes: Vroglodytes, Gorilla, Simia, and 
HTylobates ; (3) Cercopithecidce, containing all the re- 
maining Old-W orld Moka (4) Cebide, containing 
the American Monkeys having three true molar teeth 
on each side of each jaw; and (5) Hapalide, the 
American Monkeys with two molar teeth, or Marmo- 
sets. 

The distinctions between Hominide and Simiide, 
of which alone we have to treat at present, as the 
characters of the other families are given in the article 
APF, are chiefly relative, being greater size of brain 
and of brain-case as compared with the facial portion 
of the skull, smaller development of the canine teeth 
of the males, more complete adaptation of the struc- 
ture of the vertebral column to the vertical position, 
greater length of the lower as compared with the upper 
extremities, and greater length of hallux or great toe, 
with almost complete absence of the power of bringing 
it in opposition to the other four toes. The last and 
the small size of the canine teeth are perhaps the most 
marked and easily defined distinctions that can be 
drawn between the two groups. 

Man is universally admitted to form a single genus, 
Homo of Linneeus, but a question of considerable im- 
portance in treating of him from a zoological point of 
view, and one which has been a subject of much con- 
troversy, is whether all men should be considered ag 
belonging to one or to several species. This question 
is perhaps of less importance now than formerly, when 
those who maintained a plurality of species associated 
with the hypothesis plurality of origin. One of the 
strongest arguments against the view that the various 
races of Man represent more than one species is that 
none of those who have maintained it have been able 
to agree as to how many distinct specific modifications 
can be defined, almost every number from three to 
twenty or more having been advocated by different 
authors. If the distinguishing characters of the so- 
called species had been so marked, there could not be 
such a remarkable diversity of opinion upon them. 
Again, the two facts—(1) that, however different the 
extremes of any two races may be in appearance (and 
it must be admitted that, as advocated by many poly- 
genists, the differences are greater than many which 
are considered specific among other animals), every 


452 


intermediate gradation can be found through which the 
one passes into the other, and (2) that all races are 
fertile inter se—are quite conclusive in favor of consid- 
ering Man as representing a single species in the or- 
dinary sense in which the word is now used, and of 
treating of all his various modifications as varieties or 
races. 

The great problem at the root of all zoology, the dis- 
covery of a natural classification which shall be an ex- 
pression of our knowledge of the real relationship or 
consanguinity of different forms, is also applicable to 
the study of the races of Man. When we can satis- 
factorily prove that any two of the known groups of 
mankind are descended from the same common stock, 
a point is gained. The more such points we have ac- 
quired the more nearly shall we be able to picture to 
ourselves, not only the present, but the past distribution 
of the races of Man upon the earth, and the mode and 
order in which they have been derived from one an- 
other. But the difficulties in the way of applying 
zoological principles to the classification of Man are 
vastly greater than in the case of most animals. When 
groups of animals become so far differentiated from 
each otheras to represent separate species, they remain 
isolated ; they may break up into further subdivisions 
—in fact it is only by further subdivision that new 
species can be formed; but it is of the very essence of 
species, as now universally understood by naturalists, 
that they cannot recombine, and so give rise to new 
forms. With the varieties of Man it is otherwise. 
They have never so far separated as to answer to the 
physiological definition of species. All races, as said 
above, are fertile with one another, though perhaps in 
different degrees. Hence new varieties have constantly 
been formed, not only by the segmentation of portions 
of one of the old stocks, but also by various combina- 
tions of those already established. 

Without entering into the difficult question of the 
method of Man’s first appearance upon the world, we 
must assume for it vast antiquity,—at all events as 
measured by any historical standard. Of this there is 
now ample proof. During the long time he existed in 
a savage state—a time compared to which the dawn of 
our historical period is as yesterday—he was influenced 
by the operation of those natural laws which have 
produced the variations seen in other regions of organic 
nature. he first Men may very probably have been 
all alike; but, when spread over the face of the earth, 
and become subject to all kinds of diverse external 
conditions,—climate, food, competition with members 
of his own species or with wild animals,—racial differ- 
ences began slowly to be developed through the potency 
of various kinds of selection acting upon the slight 
variations which appeared in individuals in obedience 
to the tendency planted in all living things. These 
differences manifested themselves externally in the 
color of the skin, the color, quality, and distribution 
of the hair, the form of the head and features, and 
the proportions of the limbs, as well as in the general 
stature. 

Geographical position must have been one of the 
main elements in determining the formation and _per- 
manence of races. Groups of Men isolated from their 
fellows for long periods, such as those living on small 
islands, to which their ancestors may haye been acci- 
dentally drifted, would naturally, in course of time, 
develop a new type of features, of skull, of complexion, 
or hair. A slight set in one direction, in any of these 
characters, would constantly tend to intensify itself, 
and so new races would be formed. In the same way, 
different intellectual or moral qualities would be gradu- 
ally developed or transmitted in different groups of 
Men. The longer a race thus formed remained igo- 
lated, the more strongly impressed and the more per- 
manent would its characteristics become, and less liable 
to be changed or lost when the surrounding circum- 
stances were altered, or under a moderate amount of 
intermixture from other races—the more ‘“‘true’’ in 
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fact, would it be. On the other hand, on large conti- 
nental tracts, where no mountain ranges or other nat- 
ural barriers form obstacles to free intercourse between 
tribe and tribe, there would always be a tendency to- 
wards uniformity, from the amalgamation of races 
brought into close relation by war or by commerce. 
Smaller or feebler races would be destroyed or absorbed 
by others impelled by superabundant population or 
other causes to spread beyond their original limits; or 
sometimes the conquering race would itself disappear 
by absorption into the conquered. 
Thus, for untold ages, the history of Man has pre- 
sented a shifting, kaleidoscopic scene ; new races grad- 
ually becoming differentiated out of the old elements, 
and, after dwelling a while upon the earth, either be- 
coming suddenly annihilated or gradually merged into 
new combinations; a constant destruction and recon- 
struction ; a constant tendency to separation and differ- 
entiation, and a tendency to combine again into a com- 
mon uniformity—the two tendencies acting against and 
modifying each other. The history of these processes 
in former times, except in so far as they may be in- 
ferred from the present state of things, is a difficult 
study, owing to the scarcity of evidence. If we had 
any approach toa complete paleeontological record, the 
history of Man could be reconstructed ; but nothing of 
the kind is forthcoming. Evidence of the anatomical 
characters of Man, as he lived on the earth during the 
time when the most striking racial characteristics were 
being developed, during the long ante-historie period 
in which the Negro, the Mongolian, and the Caucasian 
were being gradually fashioned into their respective 
types, is entirely wanting, orif any exists itis at present 
safely buried in the earth, perhaps to be revealed at 
some unexpected time and in some unforeseen manner. 
Even the materials from which a history of the modi- 
fications of the human species as known to our gen- 
eration must be constructed are rapidly passing away, 
as the age in which we live is an age in which, 
ina far greater degree than any previous one, the 
destruction of races, both by annihilation and ab- 
sorption, is going on. Owing to the rapid exten- 
sions of maritime discovery and commerce, changes 
such as have never been witnessed before are now 
taking place in the ethnology of the world, changes 
especially affecting the island populations among which, 
more than elsewhere, the solution of many of these 
problems may be looked for. The subject is, however, 
attracting the attention of observers of all countries to 
a greater degree than it ever has before, with the usual 
result of bringing distrust upon, and dissatisfaction 
with, the old systems, without as yet establishing any- 
thing in their place which meets with universal accept- 
ance. The difficulty of finding distinctive characters 
capable of strict definition by which races or groups 
may be differentiated may be inferred from what has 
been said above. It israther by the preponderance of 
certain characters in a large number of members of a 
group than by the exclusive or even constant possession 
of these characters in each of its members that the 
group must be distinguished. Hence, in all cases in 
which the characters can be expressed by the numerical 
method, as in the dimensions and proportions of dif- 
ferent parts of the body, averages are now largely used 
by anthropologists. Provided the data upon which 
these averages are based have been obtained from a 
sufhiicient number of individuals, they can be absolutely 
relied upon to express the prevailing: or most charac- 
teristic development of each particular feature in any 
group, and permit satisfactory comparisons between 
the conditions of that feature in different groups. 
Great progress is now being made in perfecting the 
methods of investigation of racial characteristics, and 
as we are beginning to learn what lines of research are 
profitable and what are barren, we may hope that the 
time is not far distant when we may get some clear in- 
sight into the knowledge of the natural classification 
‘and relationships of the races of Man. (W. H. F.) 
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Pedetes, 420, 425. 
Pelvic girdle, 362, 
Pentail, 406. 
Peramelidee, 384. 
Perissodactyla, 483. 
Phalangistide, 384, 
Phascolarctinz, 385. 
Phascolomyide, 386, 
Phascolotherium, 378. 
Phoczena, 402. 
Phocide, 450. 
Phyllorhina, 417; P. larvata, 413. 
Phyllostomidee, 418. 
Physeteride, 399. 
Pichiciago, 390. 
Pinnipedia, 449, 
Placenta, 371. 
Placentalia, 386. 
Plagiaulax, 378. 
Platanistide, 401, 
Polecat, 447. 
Pontoporia, 401. 
Porcupine, 425. 
Porpoise, 402; vertebra, 360. 
Potamogalidee, 408, 
Primates, 451. 
Proboscidea, 428, 
Procyonide, 447. 
Proteles, 443. 
Prototheria, 374, 879. 
Pteropodidee, 413. 
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Ptilocercus, 406. 

Puma, 441. 

Rabbit, 426. 

Raccoon, 447. 

Rat, 424. 

Ratel, 447. 

Reproductive organs, 370. 

Respiratory organs, 368. 

Rhinoceros, 434. 

Rhinolophide, 416, 

Rhinopoma, 418. 

Rhytina, 394. 

Ribs, 361. 

Rodentia, 420. 

Rorqual, 398. 

Ruminants, 435. 

Saiga, 438. 

Salivary glands, 364 

Seales, 351. 

Sealy anteater, 391 

Sciuride, 422. 

Sciuromorpha, 422. 

Scotophilus, 415, 

Sea bear, 450. 

Sea cow, 393. 

Sea elephant, 450, 

Sea lion, 450, 

Seals, 450. 

Secondary sexual characters, 
871. 

Selenodonta, 435. 

Sense, organs of, 369. 

Serotine bat, 415. 

Serval, 441. 


Sheep, 438. 
Shouklergirdle, 361. 
Shrews, 407. 

Sight, sense of, 370, 
Simiide, 451, 
Siphneus, 424. 
Sirenia, 392. 
Skeleton, 357, 
Skull, 358. 

Skunk, 446. 

Sloth, 387. 

Sloth bear, 448. 
Smell, sense of, 370. 
Solenodontidee, 408, 
Soricide, 407. 
Spalacidze, 424, 
Spalacotherium, 378 
Sperm whale, 399. 
Squalodontidee, 401. 
Squirrel, 422. 


Stag, 438. 
Stereognathus, 378, 
Sternum, 360. 
Stomach, 365, 
Subungulata, 427, 
Swine, 435. 

Synetheres, 425. 

Talpidee, 407. 

Tamandua, 389. 

Taphozous, 417. 

Tapirs, 434. 

Tarsipes, 385, 

Taste, sense of, 370. 

Tatusiinee, 390. 

Teeth, 351; of Carnivora, 439; 
of Opossum, 381; of Probosck- 
deans, 429, 

Tegumentary structures, 350. 

Terrestrial mammals, 377. 

Thigh, 363. 

Thylacinus, 382. 

Thylacoleo, 385. 

Thyroptera, 416. 

diger, 441, 

Tillodontia, 438. 

Tortoise, manus of, 362. 

Touch, sense of, 369. 

Trachea, 368, 

Tragulina, 436. 

Trizenops, 417. 

Triassic mammals, 377. 

Trichechide, 450, 

Triconodon, 378. 

Tupaiidee, 405. 

Tylopoda, 436, 

Ungulata, 427. 

Urinary organs, 369. 

Ursidee, 448. 

Vampyre, 419. 

Vertebree, 359. 

Vespertilionide, 414, 

Viverride, 441, 

Vole, 424. 

Walrus, 450. 

Weasel, 447. 

Whalebone, 397. 

Whales, 397. 

White whale, 402. 

Wolf, 445. 

Wolverene, 447. 

Zeugiodon, 399. 


Ziphiinee, 400. 
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MAMMOTH, a name commonly given to one of the | 


numerous extinct forms of Hlephant, Hlephas primi- 
genius of Blumenbach and most subsequent authors.! 
Probably no animal which has not survived to the 
historic period has left such abundant and well-pre- 
served evidence of its former existence. The discovery 
of immense numbers, not only, as in the case of most 
extinct creatures, in the form of fragmentary bones 
and teeth, but often as more or less entire carcases, or 
‘‘mummies’’ as they may be called, with the flesh, 
skin, and hair 7 situ, in the frozen soil of the tundras 
of northern Siberia, has for a long time given great 
interest to the species, and been the cause of many 
legendary stories among the natives of the lands in 
which they occur. Among these one of the most pre- 
vailing is that the Mammoth was, or still is, an animal 
which passes its life habitually in burrows below the 
surface of the ground, and which immediately dies if 
by any chance it comes into the upper air. 


MAMMOTH. 


The general characteristics of the animals of the 
order Proboscidea, to which the Mammoth belongs, 
are given in the article MAMMALIA (p. 428). Its po- 
sition is also there indicated as a member of the most 
highly specialized section of the group of Elephants, 
that called by Faleoner Muwelephas, which also contains 
the modern Asiatic species. Of the whole group it is 
in many respects, as in the size and form of the tusks, 
and especially the characters of the molar teeth, the 
farthest removed from the primitive Mastodon-like 
type, while its nearest surviving relative, 1. indicus, 
has retained the slightly more generalized characters 
of the Mammoth’s contemporaries of more southern 
climes, 1. columbi of America, and /. armeniacus of 
the Old World, if, indeed, it can be specifically distin- 
guished from them. 

The tusks or upper incisor teeth were doubtless pres- 
ent in both sexes, he probably of smaller size in the fe- 
male. In the adult males they often attained the length 


Fic. 1.—Restored Skeleton of Mammoth (Elephas primigenius), From Tilesius in Mém. Acad. Inyp. Sc. St. Pétersbourg, t.v. (1815). 


of from 9 to 10 feet measured along the outer curve. 
Upon leaving the head they were directed at first down- 
wards and outwards, then upwards and finally inwards 
at the tips and generally with a tendency to a spiral 
form not seen in other species of Elephant. Different 
specimens, however, present great variations in curve, 
from nearly straight to an almost complete circle. 

It is chiefly by the characters of the molar teeth that 
the various extinct modifications of the Hlephant type 
are distinguished. Those of the Mammoth (see fig. 2) 
differ from the corresponding organs of allied species 
in (1) great breadth of the crown as compared with the 
length, (2) the narrowness and crowding or close ap- 
proximation of the ridges, (3) the thinness of the 
enamel and its straightness, parallelism, and absence 
of ‘‘crimping”’ as seen on the worn surface, or in a 
horizontal section of the tooth. The molars, as in 
other Elephants, are six in number on each side above 
and below, succeeding each other from before back- 
wards. Of these Dr. Falconer gave the prevailing 
‘‘ridge-formula’’ (or number of complete enamelled 
ridges in each tooth) as 4, 8, 12, 12, 16, 24, as in #. 


1The word Mammoth was introduced into the languages of 
western Europe about two centuries ago from the Russian, and 
is thought by Pallas and Nordenski6ld to be of Tartar origin, but 
others, as Witzen, Strahlenburg, and Howorth have endeavored 
to prove that itisa corruption of the Arabic word Behemoth, or 
great beast. 


indicus. Dr. Leith Adams, working from ‘more 
abundant materials, has shown that the number of 
ridges of each tooth, especially those at the posterior 
end of the series, is atenk to very great individual 
variation, ranging in each tooth of the series within 
the following limits: 3 to 4, 6 to 9, 9 to 12, 9 to 15, 14 
to 16, 18 to 27,—excluding the small plates called 


Fic. 2.—Grinding Surface of Upper Molar Tooth of the Mammoth 
(Elephas lig ada From Owen. ¢, cementum; d, dentine; 
e, enamel, 


‘talons’ at each end of the tooth. Besides these 
variations in the number of ridges or plates of which 
each tooth is composed, the thickness of the enamel 
varies so much as to have given rise to a distinction 


~ tusks. 
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between a ‘‘thick-plated’’ and a ‘‘thin-plated”’ variety, 
—the latter being most prevalent among the specimens 
from the Arctic regions, and most distinctively charac- 
teristic of the species. From the specimens with thick 
enamel plates the transition to the other species or 
varieties mentioned above, including /. indicus, is 
almost imperceptible. 

The bones of the skeleton generally more resemble 
those of the Indian Elephant than of any other known 
species, but the skull differs, in the narrower summit, 
narrower temporal fossee, and more prolonged incisive 
sheaths required to support the roots of the enormous 
Among the external characters by which the 
Mammoth was distinguished from either of the exist- 
ing species of Elephant was the dense clothing, not 
only of long coarse outer hair, but also of close 
under woolly hair, of a reddish-brown color, evi- 
dently in adaptation to the colder climate which it 
inhabited. This character, for a knowledge of which 
we are indebted to the well-preserved remains found in 
northern Siberia, is also represented in the rude but 
graphic drawings of prehistoric age, found in caverns 
in the south of France.' In size different individuals 
varied considerably, but the average height does not 
appear to have exceeded that of either of the existing 
species of Klephant. 

The geographical range of the Mammoth was very 
extensive. ‘There is scarcely a county in England in 
which some of its remains have not been found either 
in alluvial deposits of gravel or in caverns, and num- 
bers of its teeth are from time to time dredged up 
from the bottom of the sea by the fishermen who ply 
their trade in the German Ocean, having been washed 
out of the water-worn cliffs of the eastern counties of 
England. In Scotland and Ireland its remains are less 
abundant, but they have been found in vast numbers 
at various localities throughout the greater part of 
central Kurope (as far south as Santander in Spain 
and Rome), northern Asia, and the northern part of 
the American continent, though the exact distribution 
of the Mammoth in the New World is still a question 
of debate. It has not hitherto been met with in any 
part of Scandinavia or Finland. 

Tn point of time, the Mammoth belongs exclusively 
to the post-Tertiary or Pleistocene epoch of geologists, 
and it was undoubtedly contemporaneous with man in 
France, and probably elsewhere. There is evidence to 
show that it existed in Britain before, during, and after 
the glacial period. 

As before indicated, it is in the northern part of 
Siberia that its remains have been found in the greatest 
abundance, and in quite exceptional conditions of pre- 
servation. Hora very long period there has been from 
that region a regular export of Mammoth ivory in a 
state fit for commercial purposes, both eastward to 
China and westward to Kurope. In the middle of the 
10th century an active trade was carried on at Khiva 


in fossil ivory, which was fashioned into combs, vases, 


and other objects, as related by Abu’! Kasim, an Arab 
writer of that period. Middendorff reckoned that:the 
number of tusks which have yearly come into the mar- 
ket during the last two centuries has been at least a 
hundred pairs, and Nordenskiéld from personal obser- 
vation considers this calculation as probably rather too 
low than too high. ‘They are found at all suitable 
places along the whole line of the shore between the 
mouth of the Obi and Behring’s Straits, and the farther 
north the more numerous do they become, the islands 
of New Siberia being now one of the most favorite 
collecting localities. The soil of Bear Islands and of 
Liachoff Islands is said to consist only of sand and ice 
with such quantities of Mammoth bones as almost to 
compose its chief substance. The remains are not 
only found around the mouths of the great rivers, as 


1 The best-known of these is the etching upon a portion of tusk 
found in the cave of La Madelaine in the Dordogne, figured in 
Christy and Lartet’s Reliquix Aquitanicx, and inmany other works 
bearing on the subject of the antiquity of man. 


455 


would be the case if the carcases had been washed 
down from more southern localities in the interior of 
the continent, but are imbedded in the frozen soil in 
such circumstances as to indicate that the animals had 
lived not far from the localities in which they are now 
found, and they are exposed either by the melting of 
the ice in unusually warm summers or by the washing 
away of the sea cliffs or river banks by storms or floods. 
In this way the bodies of more or less perfect animals, 
often standing in the erect position, with the soft parts 
and hairy covering entire, have frequently been brought 
to light. 

References to the principal recorded discoveries of 
this kind, and to the numerous speculations to which 
they have given rise, both among the ignorant peas- 
ants and learned academicians, will be found in Nor- 
denskiéld’s Voyage of the Vega (English translation, vol. 
i. 1881, p. 398 sq.) and a series of papers in the 
Geological Magazine for 1880 and 1881, by H. H. Howorth. 
For the geographical distribution and anatomical charac- 
ters, see Falconer’s Paleontological Memoirs, vol. ii., 1868; 
Boyd Dawkins, ‘“‘lephas primigenius, its range in space and 
time,” Quart. Jour. Geol. Soc., xxxv. p. 138 (1879); and 
Leith Adams, “Monograph of British Fossil Elephants,” 
part ii., Palzontographical Society, 1879. (W. H. F.) 


MAMMOTH CAVE, in Hdmondson county, Ken- 
tucky, United States, 37° 14’ N. lat. and 86° 127 W. 
long., by rail 85 miles south-southwest of Louisville, 
was discovered, in 1809, by a hunter named Hutchins, 
while in pursuit of a wounded bear. Its mouth is in 
a forest ravine, 194 feet above Green river, and 600 
feet above the sea. ‘This aperture is not the original 
mouth, the latter being a chasm a quarter of a mile 
north of it, and leading into what is known as Dixon’s 
Cave. The two portions are not now connected, though 
persons in one can make themselves heard by those in’ 
the other. Saltpetre was formerly made from the 
nitrous earth in which the cave abounded; but it is 
now mainly turned to account as a place of exhibition. 

The cavernous limestone of Kentucky covers an area 
of 8000 square miles, is massive and homogeneous, and 
belongs to the Subcarboniterous period. It shows few 
traces of dynamic disturbance, but has been carved, 
since the Miocene epoch, into many caverns, of which 
the Mammoth Cave is the noblest specimen known. 
The region is undulating, but its valleys are mostly 
funnél-shaped depressions emptying through fissures 
into subterranean streams, which feed rivers, often of 
navigable size, and whose waters are never frozen over, 
even in severe winters. Such valleys are called sink- 
holes. 

The natural arch that admits one to Mammoth Cave 
has a span of 70 feet, and from a ledge above it a cas- 
cade leaps 50 feet to the rocks below, where it disap- 
pears. A winding flight of stone steps leads the way 
down to a narrow passage, through which the -air 
rushes with violence, outward in summer, and inward 
in winter. The temperature of the cave is uniformly 
54° Kahr. throughout the year, and the atmosphere is 
both chemically and optically of singular purity. 
While the lower levels are moist from the large pools 
that have secret connection with Green river, the. 
upper galleries are extremely dry. These conditions 
led, at one time, to the erection of thirteen cottages, 
at a point about 1 mile under ground, for the use of 
invalids, especially consumptives. The experiment 
ended in failure, and only two cottages now remain. 

The Main Cave, from 40 to 300 feet wide, and from 
35 to 125 feet high, has several vast rooms, e.g., the 
Rotunda, where are the ruins of the old saltpetre 
works; the Star Chamber, where the protrusion of 
white crystals through a coating of the black oxide of 
manganese creates an optical illusion of great beauty ; 
the Chief City, where an area of two acres is covered 
by a vault 125 feet high, and the floor is strewn with 
rocky fragments, among which are found numerous 
half-burnt torches made of canes, and other signs of 
prehistoric occupancy. Two skeletons were exhumed 
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near the Rotunda; but no other bones of any de- 
scription have been found... The so-called Mam- 
moth Cave ‘‘mummies’’ (7.e., bodies kept by be- 
ing inhumed in nitrous earth), with accompanying 
utensils, ornaments, braided sandals, and other 
relics, were found in Short and Salt caves near 
by, and removed to Mammoth Cave for exhi- 
bition. The Main Cave, which abruptly ends 4 
miles from the entrance, is joined by winding passages, 
with spacious galleries on different levels; and, 
although the diameter of the area of the whole cavern 
is less than ten miles, the combined length of all ac- 
cessible avenues is supposed to be about 150 miles.! 
The chief points of interest are arranged along two lines 
of exploration, besides which there are certain side excur- 
sions. The “short route” requires about four hours, and 
the ‘long route’ nine. Audubon’s Avenue, the one nearest 
the entrance. is seldom visited, except by the bats that 
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and 80 feet high and 25 feet in diameter. The combined 
length of these contiguous chambers is 400 feet. By a 
crevice above they are connected with an arm of Audu- 
bon’s Avenue. Lucy’s Dome, about 300 feet high, is sup- 
posed to be the loftiest of all these vertical shafts. A pit 
called “ the Maelstrom,” in Croghan’s Hall, is the spot most 
remote from the mouth of the cave; a son of Prentice, the 
poet, permitted himself to be lowered 190 by a rope to the 
bottom, in 1859. There are some fine stalactites near this 
pit, and others in the Fairy Grotto and in Pensico Avenue ; 
but, considering the magnitude of Mammoth Cave, its pov- 
erty of stalactitic ornamentation is remarkable. The 
wealth of crystals is, however, surprising. These are of 
endless variety and fantastic beauty. Besides the spark- 
ling vault of the Star Chamber (300 feet long and 80 high), 
there are halls canopied by fleecy clouds, or studded with 
ynimic snowballs, and others displaying various grotesque 
resemblances on the walls and ceiling. 

Cleveland’s Cabinet and Marion’s Avenue, each a 
mile long, are adorned by myriads of gypsum rosettes 
‘and curiously twisted crystals, called ‘“ oulopholites.” 
‘These cave flowers are unfolded by pressure, as if 


1The present manager, Mr. F. Klett, has undertaken the diffi- 
cult task of a thorough survey, the results of which, so far as com- 

leted, are presented in the accompanying map. The portion 
Beyond River Hall is supplemented from an older survey by 
Stephen, the guide. 
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hang from the walls in clusters like swarms of bees. Tho 
Gothic Avenue contains numerous large stalactites and 
stalagmites, and an interesting place called the Chapel, and 
ends in a small double dome and cascade. Among the 
most surprising features of cave scenery are the vertical 
shafts that pierce through all levels, from the uppermost 
galleries, or even from the sink-holes, down to the lowest 
floor. These are styled pits or domes, according to the po- 
sition occupied by the observer. A crevice behind a block 
of stone 40 feet long by 20 wide, called the Giant’s Coffin, 
admits the explorer to a place where six pits, varying in 
depth from 65 feet to 220 feet, exist in an area of 600 yards. 
This includes Gorin’s Dome, which is viewed from a> 
point midway in its side, and is by many regarded as the 
finest room in the cavern. Others admire more the Mam- 
moth Dome, at the termination of Spark’s Avenue, where 
a cataract falls from a height of 250 feet amid walls won- 
derfully draped with stalactitic tapestry. The Egyptian 
Temple, which is a continuation of the Mammoth Dome, 
contains six massive columns, two of them quite perfect, 
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a sheaf were forced through a tight binding, and 
the crystal fibres curl outward from the centre of the 
group. Thus spotless arches of 50 feet span are embellished 
by floral clusters and garlands, hiding nearly every foot of 
the gray limestone. The botryoidal formations hanging by 
thousands in Mary’s Vineyard resemble mimic clusters of 
grapes, as the oulopholites resemble roses. Again there are 
chambers with drifts of snowy crystals of the sulphate of 
magnesia, the ceilings so thickly covered with their efflo- 
rescence that a loud concussion of the air will cause them 
to fall like the flakes of a snow storm. 

Many small rooms and tortuous paths, where nothing of 
special interest can be found, are avoided as much as possi- 
ble on the regular routes; but certain disagreeable experi- 
ences are inevitable. There is peril also in the vicinity 
of the deep pits. The one known as the Bottomless Pit 
was for many years a barrier to all further exploration, 
but is now crossed by a wooden bridge. Long before the 
shaft had been cut as deep as now, the water flowed away by 
a channel gradually contracting to a serpentine way, so ex- 
tremely narrow as to be called the Fat Man’s Misery. 
The walls, only 18 inches apart, change direction eight 
times in 105 yards, while the distance from the 
sandy path to the ledge overhead is but 5 feet. 
The rocky sides are finely marked by waves and ripples, 
as if running water had suddenly been petrified. This wind- 
ing way conducts one to River Hall, beyond which lie the 
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erystalline gardens that have been described. It used to be 
said that, if this narrow passage were blocked up, escape 
would be impossible; but lately an intricate web of fissures, 
called the Corkscrew, has been discovered, by means of 
which a good climber, ascending only a few hundred feet, 
Jands 1000 yards from the mouth of the cave, and cuts off 
one or two miles. 

The waters, entering through numerous domes and pits, 
and falling, during the rainy season, in cascades of great 
volume, are finally collected in River Hall, where they 
form several extensive lakes, or rivers, whose connection 
-with Green river is known to be in two deep springs ap- 
pearing under arches on its margin. Whenever there is a 
freshet in Green river the streams in the cave are joined 
in a continuous body of water, the rise sometimes being 60 
feet above the low-water mark. ‘The subsidence within is 
less rapid than the rise; and the streams are impassable | 
for about seven months ineach year. They are navigable 
from May to October, and furnish interesting features of 
cave scenery. The first approached is called the Dead Sea, 
embraced by cliffs 60 feet high and 100 feet long, above 
which a path has been made, whence a stairway conducts | 
us down to the banks of the River Styx, a body of water | 
40 feet wide and 400 feet long, crossed by a natural bridge. 
Lake Lethe comes next—a broad basin inclosed by walls | 
90 feet high, below which a narrow path leads toa ; 
pontoon at the neck of the lake. A beach of the finest 
yellow sand extends for 500 yards to Echo river, 
the largest of all, being from 20 to 200 feet wide, 10 
to 40 feet deep, and about three-quarters of a mile 
long. It is crossed by boats. The arched passage- 
way is very symmetrical, varying in height from 10 
to 35 feet, and famous for its musical reverberations,— 
not a distinct echo, but an harmonious prolongation 
of sound for from 10 to 30 seconds after the original 
tone is produced. The long vault has a certain key- 
note of its own, which, when firmly struck, ex- 
cites harmonics, including tones of incredible depth 
and sweetness. 

The fauna of Mammoth Cave has been classified 
by Putnam, Packard, and Cope, who have catalogued 
twenty-eight species truly subterraneous, besides 
those that may be regarded as stragglers from the 
surface. They are distributed thus :—Vertebrata, 4 
species; Insecta, 11; Arachnida, 6; Myriapoda, 2; 
Crustacea, 2; Vermes, 3. Ehrenberg adds a list of 8 
PolygastricInfusoria, 1 fossil infusorian, 5 Phytolitharia, 
and several microscopic fungi. A bed of Agaricus 
was found by the writer near the River Styx; and 
upon this hint an attempt has been made to propa- 
gate edible fungi in this locality. The most interest- 
ing inhabitants of Mammoth Cave are the blind, 
wingless grasshoppers, with extremely long anten- 
ne; blind, colorless crayfish (Cambarus pellucidus, 
Telk.); and the blind fish, Amblyopsis spelzus, color- 
less and viviparous, from 1 inch to 6 inches long. 
The Cambarus and Amblyopsis have wide distribution, 
being found in many other caves, and also in deep 
wells, in Kentucky and Indiana. Fish not blind are 
occasionally caught, which are apparently identical 
with species existing in streams outside. The true 
subterranean fauna may be regarded as chiefly of Pleistocene 
origin ; yet certain forms are possibly remnants of Tertiary 
life. The strongly marked divergence of these animals from 
those found outside convinced the elder Agassiz that they 
were specially created for the limits within which they 
‘dwell. But the opinion now held is that they are modi- 
fied from allied species existing in the sunlight, and that 
their peculiarities may all be accounted for on principles 
of evolution,—the process being accelerated (or retarded) 
by their migration from the outer world to a realm of ab- 
solute silence and perpetual darkness. 

The literature of Mammoth Cave is extensive, though scat- 
tered through many periodicals, volumes of travels, and scientific 
reports. See especially Bullitt, Rambles by a Visitor, 1844; Collins, 
History of Kentucky, 1847; Forwood, The Mammoth Cave, 1870; 
Packard and Putnam, Inhabitants of Mammoth Cave, 1872; Shaler, 
Memoirs of Geological Survey of Kentucky, 1876; Hovey, “In Mam- 
moth Cave,” Seribner's Magazine, 1880; Celebrated Caverns, 1852. 


(H.C) 

MAN. See Anruroponoay (vol. ii. p. 94 sq.) 
and the articles on the various contributory sciences 
there referred to. Compare also MAMMALIA, above, 
p- 451. Le 

MAN, Isxx or, a dominion of the crown of Eng- 
land, situated in the Irish Sea, almost equidistant 
from England on the east, Scotland on the north, and 
Treland on the west. It lies between 54° 2’ and 54° 
25’ N. lat., and between 4° 18’ and 4° 50’ W. long., 
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Douglas on the east coast of the island being distant 
58 miles west-northwest from Fleetwood, while Peel 
on the west coast is 65 miles southeast of Belfast. 
The greatest length of the island is about 33 miles, 
and its greatest breadth about 12 miles. The total 
area is 145,325 acres, or about 227 square miles. 

A mountain range occupies the larger portion of the 
island, extending from Mangtold Head to the Calf 
Islet ; the highest summits—Snaefell (2024 feet), North 
Barrule (1842), and Slieu Chairw (1808)—are in the 
northwest. These mountains rise abruptly from the 
narrow tract of almost level ground which forms the 
extreme northern boundary of the island; and be- 
tween their lofty chasms are the lovely and picturesque 
recesses of Ravensdale, Sulby Glen, Glen Aldyn, and 
Ballure. The fine scenery of the mountains has been 
made more accessible by the construction of a series of 
roads, commanding at many points views unsurpassed 
in the United Kingdom for picturesqueness and vari- 
ety. In the southwestern portion of the mountain 
range only one summit, that of South Barrule (1585 
feet), rises above 1500 feet. From Peel southwards 
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along the western shore the mountains stretch to 
the very edge of the coast-line, and at the south- 
western extremity the shore is wildly precipitous, 
especially at Cronk-ny-Irree-Lhaa, which rises ab- 
ruptly from the sea to the height: of 1449 feet; 
at Brada Head, near which Brada Hill forms an 
almost precipitous wall over 700 feet in height; at 
Calf Islet, surrounded by rugged broken rocks; and 
at Spanish Head (said to take its name from the de- 
struction which there overtook a portion of the Span- 
ish Armada). ’owards the southeastern shore the 
mountains slope more gradually towards the sea, the 
coast of which is generally low and sandy, being in- 
dented by several finely rounded bays, including Cas- 
tletown Bay and Derby Haven. From Derby Haven 
to Maughold Point the coast is frequently bold and 
rocky, and the numerous creeks and bays, the largest 
of which are Douglas Bay and Laxey Bay, greatly add 
to the charm and variety of the scenery. From Maugh- 
old Head round to Peel the coast presents little of 
special interest, being formed in great part of sand and 
gravel cliffs, although along the western side the bold 
clay-slate formation again appears. 

The largest river in the island is the Sulby, which 
rises near Snaefell, and, after flowing northwards 
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through a rugged glen to Sulby village, winds eastwards 
through a level and well-cultivated country to the sea 
at Ramsey. ‘The Neb or Great River, which is formed 
by the junction near Slieuwhallin of a stream rising 
near South Barrule and flowing north by the Foxdale 
Glen, and of another flowing south from Sartfell by 
Rhenass, passes west to the Trish Sea at Peel. The 
Silverburn flows southwards from South Barrule to the 
Castletown Bay. The Dhu and Glass flowing eastwards 
unite before entering the sea at Douglas, which takes 
its name from their union. The streams abound with 
trout, and fishing is generally permitted without re- 
striction. here are no lakes. 

Geology.—The greater part of the island is formed 
of slaty Silurian rocks of identical formation with the 
mountainous regions of Cumberland and Westmoreland. 
No characteristic fossils, however, exist to determine 
their exact age except one, Palcwochordu major, found in 
the Skiddaw slates. Theline of strike is from southwest 
to northeast, and the strata are highly inclined. The 
mountains for the most part present a smooth rounded 
appearance, superinduced by prolonged subaerial waste. 
The clay-slate formation is sometimes broken through 
by intrusions of granite and other eruptive rocks. The 
‘‘oreenstones’’ are especially visible at Brada Head, 
Castletown, Langness, and other points along the 
coast. A large mass of granite, containing silvery 
mica, red and white felspar, and gray quartz, rests on 
the eastern slope of South Barrule mountain, and valu- 
able masses of the same rock appear at the Dhoon river 
to the northeast of the Laxey lead-mines. Upper Old 
Red Sandstone and conglomerate occur at Peel on the 
west coast, and on the south coast, in the neighborhood 
of Castletown Bay, chiefly at the peninsula of Lang- 
ness. It rests on the upturned edges of the slates, 
and passes imperceptibly into the beds of limestone. 
The Carboniferous or Mountain Limestone is the only 
representative of the Carboniferous strata in the island. 
The limestone contains numerous fossils. At Pool- 
vash it assumes the character of black marble, which 
is much used for chimneypieces. At Scarlet Point, 
and thence to Poolvash, interesting evidence exists of 
volcanic eruptions during the accumulations of the Car- 
boniferous rocks. A great blank in the geological record 
occurs at the top of the limestone series, for the next 
strata that appear are the clays and gravels of the Gla- 
cial period. These strata occupy the greater portion 
of the low ground of the island, and consist of boulder 
clay, drift gravel, and sands. They occasionally reach 
as far up the mountains as 500 feet, and in the south- 
ern districts erratic boulders are sometimes to be ob- 
served on the very highest summits. Boulders of 
granite, for example, have been carried across South 
Barrule Hill (1585 feet) and dropped on the top of 
Crook-ny-Ivree-Lhaa (1449 feet). The whole of the 
plain in the north of the island is occupied by Drift 
deposits, which occasionally form hills above 300 feet 
in height. Numerous depressions in the plain at one 
time occupied by lakes’ are now filled by beds of 
peat. 


Minerals.—The most important minerals are lead, copper, 
and zine. The principal mines are those of Laxey, near 


the Laxey river, which produce lead, copper, and especially | 


sulphide of zinc, which forms more than two-thirds of the 
total quantity of ore raised from those mines. The galena 
obtained is very rich in silver. The Foxdale mines, between 
Castletown and St. John’s, are also very largely wrought.. 
The amount of copper ore is comparatively small. The 
mines are rented from the queen as lady of the manor, the 
lessees paying one-tenth of the produce. In 1852 the total 
quantity of lead ore obtained was 2415 tons, of lead 18344 
tons, and of silver 36,700 oz., the value of which was £7646. 
In 1871 the total quantity of lead ore obtained was 4645 
tons, producing 3335 tons of lead and 176,631 oz. of silver; 
5768 tons of zinc were also obtained, valued at £19,015, and 
267 tons of copper ore, producing 18 tons of copper, valued 
at £1074. In 1881 Brada Head copper-mine yielded 78 tons 
of ore, producing 6 tons 5 ewts. of fine copper, valued at 
£562, 13s.; and at Great Laxey 7567 tons of zine were 
raised, giving 3480 tons of the metal, valued at £28,701. 
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The following table gives the produce of the lead-mines in 
1881. 


Mine. Lead Ore.| Lead. Silver. | Value of Ore. 
Tons. | Tons.Cwts.| Oz. £ 8. d, 

Foxdale, . 8,419 | 2,500 0 9,080 | 89,145 10 0 
Laxey,. .. .| 1,700 | 1,275 0 ||) 5,250/) 80487 90) 0 
Foxdale, East, . 400 292 0 9,600 5,362 0 U 
Rushey) i... 101 MO Le 810 1,050 15 0 
Kirk Michael, 40 80-0 125 3388 0 0 
Great Laxey, 15 fa 2) as 129 15 0 
Total, 5,675 | 4,183 12 24,865 | 76,518 0 0 


Rotten-stone and ochre are obtained in the south at Ma- 
lew and Arbory, the total amount raised in 1881 being 207 
tons, valued at £636. Iron is found in small quantities at 
Foxdale, but the total quantity obtained in 1881 was only 120 
tons valued at £60. Limestone is extensively quarried in 
the southern districts, both for building purposes and for 
agriculture. Dolomite occurs in large quantities in the 
mines at Laxey. There is a valuable granite quarry at 
Foxdale. Gold in minute particles lies in the bed of a 
small stream near Barrule. A considerable number of other 
minerals are found, but the quantity of each is unimpor- 
tant. The total number of persons employed in the mines 
in 1881 was 1258, 


Climate-—The mean annual temperature is higher 
than that of any other district occupying the same 
parallel of latitude, and the variation according to the 
seasons isremarkably small. The mean annual tempera- 
ture isa little less than 49° Fahr., the mean temperature 
of summer less than 59°, and that of winter nearly 42°, 
giving a difference of only 17°. Rain is frequent but 
seldom heavy, the annual fall being 41.71 inches, about 
the same as in the adjacent parts of England and 
Scotland, but less than in those of Ireland. Thunder- 
storms are very rare. Many plants, even palms, which 
in England require artificial heat, grow in some parts 
of the island throughout winter in the open air, while 
fuchsias under the same conditions attain to great size 
and perfection. The air is unusually clear and pure. 

Agriculture. —Owing originally to the enterprise of 
Scotch and English farmers, the land where arable has 
been brought into a state of high cultivation. Through 
the use of seaweed in large quantities in the northern 
districts of the island the sandy and gravelly soil has 
been greatly enriched, and it now possesses remarkable 
fertility, its productiveness being increased by the fine 
climate. ‘The lime obtained in the neighborhood of 
Castletown in the south has also been found highly 
beneficial for the soil in that vicinity. The best land 
is in these two districts, but even in the mountainous 
regions in the centre of the island great improvements 
have taken place. The farms are principally held on 
lease, and of late years many small holdings have been 
combecs into large farms cultivated on modern prin- 
ciples. 


According to the agricultural returns of 1882, the culti- 
vated area comprehended 97,494 acres, 67 per cent. of the 
whole. The commons and uncultivated lands on the 
mountains are, moreover, utilized for the pasturage of 
horses, cattle, and sheep, the evergreen furze forming the 
principal food of these animals during the winter season. 
The area under corn crops was 25,211 acres, under green 
crops 12,046, rotation grasses 37,094, permanent pasture 
(exclusive of heath or mountain land) 22,836, and fallow 
307. Oats occupy about one-half of the total area under 
corn crops, barley about one-third, and wheat about one- 
sixth. The wheat, which is of a very fine quality, is culti- 
vated chiefly in the north of the island. The white and 
red clover and the common grasses grow in great luxuri- 
ance, and on account of the good pasturage in winter the 
supply much exceeds the needs of the island, large quanti- 
ties being shipped to the neighboring districts of England. 
Turnips, which in 1882 occupied 8432 acres, are also largely 
exported. The dry sandy soil of the island is very favor- 
able for the growth of potatoes, the area planted in 1882 
being 3373 acres. The most common rotation of crops is 
corn, green crops, corn, clover and hay, and pasture. 

The total number of horses in 1882 was 5249, of which 
8551 were used solely for purposes of agriculture. The 
native breed of horses is similar to that of North Wales. 
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They are small, but hardy, active, and patient of labor. 
In 1882 cattle numbered as many as 19,780, an average of 
nearly 21 to every 100 acres under cultivation, consider- 
ably above that of Great Britain, which was 18.4. Of the 
cattle, 6862, or more than one-third, were cows and heifers 
in milk or in calf. On account of the large number of 
summer visitors, dairy farming is specially profitable. The 
native breed of cattle has very much degenerated, but an 
improved stock is now general through the importation 
chiefly of Ayrshires and Shorthorns. Sheep in 1882 num- 
bered 55,690, not a very large number considering the 
mountainous nature of the country, but cattle feeding is 
generally more profitable than sheep rearing, partly owing 
to the fine climate. The principal sheep runs are those 
which have been enclosed by the crown from common 
lands. The native breed of sheep, small hardy animals, 
is gradually being superseded by crosses, and by the intro- 
duction of English sheep in the low grounds. The fleece 
of the native sheep is not valuable, but the mutton is of 
very fine quality. Pigs are largely kept, the number in 
1882 being 4685. The old breed called “purrs” is now 
nearly extinct. 

In 1882 there were 237 acres under orchards, 142 under 
market gardens, and 6 under nursery grounds. The acre- 
age under woods is not given, but it is very small. Apples, 
for which the island was at one time famed, are still grown 
in considerable quantities, and gooseberries, currants, 
strawberries, and other smaller fruits are largely culti- 
vated. The botany of the island is not specially interest- 
ing. The variety of species is not great, although there 
are a few rare plants. 

Fauna.—Like Ireland, the Isle of Man is exempt from 
venomous reptiles and toads, a circumstance traditionally 
attributed to the agency of St. Patrick, the patron saint of 
both islands. 
sand lizard and the common lizard are met with. Moles 
are absent, badgers are unknown, and foxes are now 
extinct. 
elk; and the red deer, as is proved by the references to it 
in old laws, and the representations of it on Runic monu- 
ments, was at one time common, although the species had 
almost disappeared about the beginning of the 18th century. 
Hares are less plentiful than formerly, and rabbits are not 
numerous except on the Calf Islet. Snipe are abundant. 


There are a few partridges, grouse, and quail, but neither | 


pheasants nor black game. Various species of water-fowl 
visit the island, including wild geese, wild ducks, plover, 
widgeon, and teal. The Manx puflin (Procellaria anglorwm) 
is becoming scarce, but still frequents the Calf Islet. The 
peregrine falcon breeds in the precipitous rocks in the 
neighborhood of the Calf Islet, and at Maughold Head. 
The red-legged crow is common, the kingfisher scarce. 
The cuckoo is a yearly visitant, as is also the lapwing. 
ba pigeons and seabirds of great variety frequent the 
rocks. 

A variety of the domestic cat, remarkable for the absence 
or stunted condition of the tail, is common in the island. 

Manufactures and Trade—Partly perhaps on account of 
the absence of coal, the manufactures of the island have 
not attained any importance, the principal being Manx 
cloth, canvas, nets, rope, and twine. There is, however, 
a large export of all kinds of agricultural produce, horses, 
cattle, and sheep, as well as of lead, lime, and black marble. 
Much of the trade is still carried on by means of small 
coasting vessels, but these are being gradually superseded 
by steamers which ply between Douglas and Liverpool, 
Barrow, Fleetwood, Silloth, Dublin, Belfast, Whitehaven, 
and Glasgow. The imports consist principally of provisions 
from England, timber from Norway, and lean cattle from 
Ireland. In 1881 the number of vessels engaged in the 
foreign and colonial trade that entered the ports of the 
island was 26 of 4885 tons, while 14 of 2916 tons cleared. 
The number engaged in the coasting trade was—entered, 
2288 of 440,158 tons; cleared, 2328 of 436,107 tons. There 
is daily communication between Douglas and Liverpool. 

There are very valuable fishing grounds, especially for 
herring and cod, round the southern half of the island 
from Peel to Douglas, and mackerel fishing is also largely 
prosecuted by the islanders off the coast of Ireland. The 
Manx fishing boats, decked and undecked, number upwards 
of seven hundred, employing more than four thousand 
men. Peel and Port St. Mary alone have about three 
hundred and fifty-seven boats, manned by two thousand 
five hundred men, the capital invested in boats and nets 
being for these ports alone about £100,000. 

The prosperity of the island, apart from its fishing and 
agriculture, is mainly dependent on its yearly influx of 
summer visitors, the annual number being now about 120,- 
000, The season lasts from the middle of May to the 
middle of September. 


Frogs are, however, found, and both the | 


Fossil bones are frequently found of the Irish | 
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Internal Communication—The roads, which of late years 
have been greatly improved and extended, are excellent. 
They are maintained by a system of licenses on innkeepers, 
grocers, and hawkers, and by an impost on carriages, carts, 
and dogs, anda rate on real property. The highways are 
under the management of a board appointed by the Tyn- 
wald court, a surveyor-general, and parochial surveyors. 

The first railway in the Isle of Man was that between 
Douglas and Peel, opened in 1873. There is now communi- 
cation by rail between the various towns of the island, and 
a proposal has also been made for a direct line between 
Douglas and Ramsey via Laxey. The insular government 
has assisted one of the railway companies by a guarantee. 
The railways are single narrow-gauge lines, and are worked 
on the baton system. 

Government and Administration—The government of the 
island is yested in a governor appointed by the crown, a 
council which acts as an upper chamber of the legislature, 
and the House of Keys. The governor and council and the 
House of Keys together constitute the court of Tynwald ; 
but the approval of the queen of Great Britain in council 
is essential to every legislative enactment. Acts of the 
British legislature do not affect the island except it be 
specially named in them. For the purposes of civil juris- 
diction the island is divided into a northern and southern 
district, and each of these is again subdivided into three 
“sheadings,”’ which are analogous to counties. 

The governor, who is the representative of the sovereign, 
is captain-general of the military forces. He presides in 
the council and in all courts of Tynwald, and is ex officio 
sole judge of the chancery and exchequer courts. Tho 
council consists of the lord bishop of the diocese, the 
attorney-general, the two deemsters, the clerk of the rolls, 
the water-bailiff, the receiver-general, the archdeacon, and 
the vicar-general, all of whom are appointed by the crown, 
except the vicar-general, who is appointed by the bishop. 
No act of the governor and council is valid unless it is the 
act of the governor and at least two members of the council. 
The House of Keys, the representative branch of the legisla- 
ture of the island, is one of the most ancient legislative 
assemblies in the world. It consists of twenty-four mem- 
bers elected by male owners or occupiers, and female owners 
of property. Each of the six sheadings elects three members, 
the towns of Castletown, Peel, and Ramsey one each, and 
Douglas, the chief town, three. There is a property quali- 
fication required of the members, and the house sits for 
seven years unless previously dissolved. The Keys were 
at one time self-elected, but in 1866 they consented to pop- 
ular election in exchange for the privilege of controlling 
the expenditure of the surplus revenue of the island, 
agreeing, however, to pay into the imperial exchequer a 
fixed sum of £10,000 annually as the island’s contribution 
towards the expenses of the army and navy of the United 
Kingdom. 

In matters of property the court of chancery has the 
most extensive jurisdiction of any in the island, and is a 
court both of law and of equity. The governor presides, 
and is assisted by the clerk of the rolls and the deemsters, 
The exchequer court takes cognizance of all matters con- 
nected with the revenue, and also determines the right of 
tithe. The common law courts for the southern division 
are held at Douglas and Castletown alternately, and those 
for the northern division at Ramsey, once in three months. 
They are presided over by the deemsters, and take cogni- 
zance of all actions, real, personal, and mixed, and of civil 
matters that require to be determined by a jury. Courts 
of general jail delivery are held at Castletown, for the trial 
of prisoners indicted for criminal offences; the governor 
presides, attended by the deemsters, the clerk of the rolls, 
and the water-bailiff. 

The deemsters or judges of the island (supposed by some 
to be the successors of the Druidical priests) until the 15th 
century acted according to unwritten laws, called “breast 
laws,” of which they were the depositaries. They have 
concurrent jurisdiction over the whole island, Their ad- 
vice is taken by the governor on all difficult points of law. 
Each has now a salary of £1000 per annum. Deemster 
courts are held weekly, alternately at Douglas and Castle- 
town by the deemster for the southern division, and at 
Ramsey or Peel or Kirk Michael by the deemster of the 
northern division. They take cognizance in a summary 
manner of matters of debt, and have jurisdiction in crimi- 
nal cases. The herring fishery, and the boats employed in 
it, are placed under the charge of the water-bailiff, who 
holds court to redress grievances and enforce the regula- 
tions of the fishery. He appoints with a small salary two 
fishermen, called admirals, to preserve order. The water- 
bailiff has also civil jurisdiction in questions of salvage, 
and takes cognizance of suits in maritime matters. The 
high bailiff’s courts are held weekly in Douglas, Castle- 
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town, Ramsey, and Peel, for the recovery of debts under 
40s., and daily for the punishment.of drunkenness and 
offences against public order. The magistrates hold regular 
courts in each of the towns for the summary trial of 
breaches of the peace and minor offences. They are ap- 
pointed by commission under the great seal of England, 
but their powers are regulated by insular acts of Tynwald. 
The members of the council and the four high bailiffs are 
also ex officio magistrates. Inquests of death are held by 
the high bailiff and jury. There are about thirty legal 
practitioners, called advocates, who combine the functions 
of barrister and solicitor. 

The laws of the island still retain much of their ancient 
peculiarity of character, though modified by acts of Tyn- 
wald, and rendered in some respects more in unison with 
those of England. The criminal law was consolidated 
and amended by the criminal code of 1872. 

The general tenure is a customary freehold devolving 
from each possessor to his next heir-at-law. The descent 
of land follows the same rules as the descent of the crown 
of England. The right of primogeniture extends to females 
in default of males in the direct line. The interest of a 
widow or widower, being the first wife or husband of a 
person deceased, in a life-estate is one-half of the lands 
which have descended hereditarily, and is forfeited by a 
second marriage; a second husband or wife is only entitled 
to a life interest in one-fourth, if there be issue of the first 
marriage. Of theland purchased by the husband the wife 
surviving him is entitled to a life interest in one moiety. 
By a statute of the year 1777 proprietors of land are em- 
powered to grant leases for any term not exceeding twenty- 
one years in possession without the consent of the wife. 

Previous to the Act of Revestment in 1765, the commerce 
of the island consisted principally in the importing and 
exporting of contraband goods, the average return of which 
exceeded half a million sterling per annum, the loss to the 
British revenue being estimated at £300,000. After this 
period the customs of the island were regulated by the im- 
perial parliament. The various loans to the insular gov- 
ernment were consolidated in 1882, and the funded debt 
now amounts to £230,000. 

For the year ending March 31, 1882, the net revenue of 
the customs of the island was £70,906, and the expenditure 
£50,558, leaving a balance of £20,348, which is disposed of 
thus :— 


One ninth part of the » AUAEIEY s revenue to 31st 


Marcb, 1882 ....... MAS hatte 091 
Due exchequer... . £10,00 
Less abatement on account of - 
portation of goods... 5 2,000 
8,000 
Expended by War Department 1881-82........... s+ 278 
Do. Board of Works, 1881-82.. cae 846 
Unappropriated surplus due Isle of Mam... sess. 10,033 
£20,348 


Religion and Education.—Christianity is said to have 
been introduced into the island by St. Patrick about the 
middle of the 5th century. The bishopric of Sodor (i. e., 
Sudreys, the southern Hebrides) was formerly united with 
that of Man; and the union continued till the 14th century, 
the Manx bishops even now retaining the joint title Sodor 
and Man. Some indeed affirm, but with small evidence to 
support the statement, that the title of Sodor was derived 
from the little island off Peel, said to have been at one time 
called Sodor, now known as St. Patrick’s Isle, and the seat 
of the cathedral of St. German. The diocese is in the 
province of York; its bishop has a seat but not a vote in 
the House of Lords. The bishop is assisted in ecclesiasti- 
cal matters by an archdeacon, a vicar-general, a registrar, 
and a sumner-general. 

The ecclesiastical courts are the consistory, chapter, and 
the vicar-general’s summary court. The livings of the 
clergy arise chiefly from tithes; the patronage, from the 
bishopric downwards, with the exception of four in the gift 
of the diocesan, is vested in the crown. 

Besides King William’s College, opened in 1833, provid- 
ing an education equal to that obtainable at the highest 
class schools of England, and possessing a considerable 
number of exhibitions to the universities, there are in the 
island several other good secondary schools. The parochial 
schools are also well taught, and there are now board schools 
under the insular Education Act, established throughout 
the island. 

Population.—The following table shows the population of 
each parish and town from 1726 to 1881. 

In 1880 the death-rate was 21.9 per 1000, and the birth- 
rate 28.6. 

The principal towns of the island are Douglas, Castletown, 
Ramsey, and Peel. Douglas, the chief town and seat of 
government, is noticed in vol. vii. p. 325. Castletown, the 
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ancient capital of the island, was until a recent period the 
residence of the governor. It possessesa good harbor, bar- 
racks, and a custom-house. Ramsey, on account of its fine 
sandy beach and beautiful situation, isa favorite watering- 
place, and it has also a large shipping trade. Peel, adjoin- 
ing St. Patrick’s Islet, is the principal seat of the herring 
fishery. 


Population. 

Sheadings, Parishes, 

and Towns. 
1726. 1757. | 1821. | 1851. 
g Malew. (P.) . 890 | 1,466 | 2,649} 3,232 
= | Castletown, (P.) 785} 915] 2,036) 2,501 
3 } Arbory, (P.). . 661 | 1,785 | 1,455 | 1,598 
& Rushen, Seg 813 | 1,007| 2,568) 8,262 
aS Santon, (P.). 376} 507| 800) 714 
~= J Braddan, (P.) 780 | 1,121} 1,754 | 2,407 
S Douglas, (T.) 810} 1,814| 6,054 | 9,653 
; Onchan, (P.) 370 434 | 1,457) 8,478 
= (Marown, (P.) . 499) 658] 1,201 |. 1,363 
& pore (P.) F 510} 925} 1,849} 2,168 
S } Peel, (T 475 805 | 1,909} 2,329 
& (Patrick, By! 745| 954] 2,081] 2,923 
Sif Lonany (Ps) 8 547| 869 | 1,846} 2,605 
S Maugho d, P 529] 759} 1,514} 1,764 
S (Ramsey, (T 4 460} 882] 1,523} 2,660 
s$ { Lezayre, ee 1,809 | 1,481 | 2,209} 2,455 
= + Bride, (P.) . 612| 629} 1,001} 1,053 
“ (Andreas, (P.) 967 | 1,057 | 2,229] 2,165 
& (Jurby, (P.) 483| 467] 1,108} 983 
s Ballaugh, (P) « 806| 773} 1,467} 1,392 
S Michael, (P.) 643| 826] 1,427) 1,416 
[ Total, « 14,070 20,134 40,087 52,116 |58,763 |538,738 


Language.-—The Manx language is a subdialect of the 
ancient Celtic, and a dialect of the Irish branch, to which 
the Scottish Gaelic also belongs. The differences in pro- 
nunciation of these languages are not so great as to prevent 
a native of either country conversing with one of the other, 
although the differences in orthography perplex even the 
most learned linguists. The Manx is now spoken only in 
the northwestern parishes and at a few localities along the 
western coast. The natives generally converse in the 
English language. Manx is not taught in any of the 
schools, and it is very probable that it will shortly become 
utterly extinct. See CeLtTic LITERATURE, vol. v. p. 259. 

History and Antiquities—It admits of nearly absolute 
demonstration that Anglesey and not Man was the Mona of 
Cesar. By ancient writers the island is called Eubonia. 
The English name Man is derived from the Manx Mannin. 
Many explanations have been given of the origin of the word, 
but none of them are better than conjectures. It is inhe- 
rently probable that the island was occupied by the Romans, 
and this is confirmed by the discovery of a Roman altar, 
which is still preserved in Castle Rushen, and of Roman 
coins in the same vicinity. A cist and urn found in 
1852 near Tynwald Hill are supposed to belong to 
the aboriginal pagan period; another memorial of 
this period is probably St. Patrick’s chair, consisting of 
five upright stones on a stone platform forming a seat. 
Two of the stones are marked by a cross, but this in all 
likelihood was done at a period long subsequent to their 
erection. According to tradition the island was for a con- 
siderable period one of the chief seats of the Druids. By 
the peasantry nearly all the old monuments are attributed 
to the Druids, but the Runic crosses belong of course to a 
later period. One of the principal Druidical stone circles 
is that on the eminence called Mull, near the Calf Islet. 

The earliest personage mentioned by tradition and his- 
tory is Mannanan-Beg-Mac-y-Lheirr, who is described in 
the statute-book of the island as a paynim, who “kept the 
land under mist by his necromancy.’” In 517 Maelgwyn, 
king of North Wales, and nephew of king Arthur, expelled 
the ‘Scots, and annexed the island to his Welsh dominions, 
He was succeeded by his son Rhun-ap-Maelgwyn in 560, 
from whom in 581 the island was reconquered by Aydun 
M‘Gabhran, king of Scotland, who appointed his sister’s son 
Brennus “thane of Man.” The Welsh king appears to have 
recovered it from the Scots about 611, and to have retained 
possession of it until 630, when it was conquered by Edwin, 
king of Northumbria. Shortly afterwards ié again fell 
under the dominion of the Welsh, till towards the close of 
the 9th century it was subdued by Harold Haarfager of 


1 See “ Man, its Names and their Origin,” by J. M. Jeffcott, in 
Manx Society Publications, 1878. 
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Norway. The jarls of Harold for some time threw off his 
rule, and held independent sway. Of these Jarl Orry suc- 
ceeded in establishing his rule over Man. His descendants 
continued to rule till 1077, when Godred Crovan, son of 
Harold the Black of Iceland, routed the islanders and slew 
their King, Fingal II. On the death of Godred in 1093, 
‘Magnus Barefoot succeeded in obtaining possession of Man, 
_ over which he placed the Norwegian jarl Octtar as gover- 
nor. The inhabitants of the southern district, becoming 
displeased with Octtar, elected Macmanus in his place; a 
battle in consequence ensued at Santwart (or Sainthill), in 
the parish of Jurby, and victory was inclining to the party 
of Macmanus, when the women of the north, rushing to the 
scene of action, totally changed the issue of the fight, 
although not till both leaders were slain. On the death of 
Magnus, the right of Godred Crovan’s line to the kingdom 
of the Isles was recognized, and Lagman, the son of that 
conqueror, succeeded to the government. He at length 
abdicated, and undertook a pilgrimagé to Palestine, whence 
he never returned. Olave II., surnamed the Dwarf, the 
only surviving son of Godred Crovan, being then a minor, 
a regent was appointed, who was expelled from the king- 
dom in the third year of his government. Olave ascended 
the throne in 1114. He entered into alliance with the 
kings of England, Ireland, and Scotland, but his reign was 


disturbed by the pretensions of three natural sons of his | 


brother Harold, by one of whom he was. treacherously 
slain in 1154. On this Godred the Black, Olave’s only 


legitimate son, was recalled from Norway, and the sons of | 


Harold were delivered to condign punishment. During 
his reign Somerled, thane of Argyll, obtained possession of 
the island, and Godred had to take refuge in Norwaiy, 
where he remained till the death of the usurper, on which 
he regained possession of his throne. His death took place 
in 1187. Olave IIL., his only legitimate son, being then a 
minor, Reginald, another son, was appointed to the govern- 
ment during his minority. The latter endeavored to 
secure to himself the throne by doing homage to John of 
England, and afterwards by acknowledging the supremacy 
of the pope; a series of struggles was the consequence, till 
at length Reginald was slain in 1226. In 1237 Olave died 
in Peel Castle, leaving three sons,—Harold, Reginald, and 


Magnus; he was succeeded by his son Harold II., who.was | 


drowned, with his queen and a numerous retinue of nobil- 
ity, in 1248, on their return from Norway, where they had 
been celebrating his marriage with Cecilia, daughter of 
Haco. His brother Reginald II. assumed the government, 
but was afterwards slain by Ivar, brother of Reginald the 
usurper, in 1249. On the death of Reginald II. his brother 
Magnus was chosen king. John of the Isles landed with 
an army at Ronaldsway to dispute his claims, but was 
driven from the island. 

From this time the power of the Norwegian kings began 
to decline, and that of the Scottish sovereigns to revive. 
Magnus did homage to Alexander III. of Scotland, and 
held the island from the crown of Scotland. He died in 
1265, without issue. In the meantime Magnus VI. of Nor- 
way, as the legitimate sovereign of Man, ceded in 1266 to 
Alexander III. all his claims and interest in the sove- 
reignty and episcopacy of Man for the sum of 4000 marks, 
and an annual pension of 100 marks. The widow of Mag- 
nus (the late king of Man) succeeded, however, in getting 
Ivar, the assassin of her brother-in-law Reginald, placed 
on the vacant throne; and Alexander in 1270 sent an army 
to reduce the island to obedience. After a decisive battle 
at Ronaldsway, in which Ivar was slain, the kingdom was 
annexed to the dominions of Alexander. This monarch, 
in token of his conquest, substituted the quaint device of 
“the three legs,” which still constitutes the national em- 
blem, for the ancient armorial ensign of the island—a ship 
in full sail, with the motto, “Rew Mannix et Insularum.” 
He placed the island under the government of his nobles or 
thanes, whose repeated acts of tyrannical oppression at 
length inspired the inhabitants to throw off the Scottish 
yoke. Bishop Mark (Marcus Galvadiensis), a Scotchman, 
however, being informed of their determination, obtained 
their mutual consent to decide the contest by thirty cham- 
pions selected from each party. The Manx champions 
were all killed, and twenty-five of the Scottish warriors 
shared the same fate. This victory confirmed the conquest 
of the Scots; the ancient regal government was abolished, 
and a military despotism established. 

The most important relics of the Northmen are the 
Runic crosses, of which there are about forty, either whole 
or fragmentary. Nearly one-half of these contain Scandi- 
navian inscriptions in the ancient Norse language and in 
Runic character. There are a very large number at Kirk 
Michael, but some of the most perfect are those in the 
churchyards of Ballaugh, Maughold, and Braddan. 

During the contentions of Bruce and Baliol, Edward I. 
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of England took possession of the island for a period, while 
two rival claimants for the throne appeared. One of these 
was Mary, the daughter of Reginald Il.; the other her 
aunt Affrica or Alfrida, a daughter of Olave IL., and sister 
of Magnus. The latter in 1305 conveyed her right in the 
island to her husband, Sir Simon de Montacute, whose son 
Sir William afterwards mortgaged its revenues to Anthony 
Beck, bishop of Durham and patriarch of Jerusalem. In 
1313 Bruce made a descent on the island, and granted it to 
his nephew Randolph, earl of Murray. 

In the reign of Edward III, Mary Waldebeof, daughter 
of the previous claimant, solicited the assistance of that 
monarch. The king allowed her title, and by giving her 
in marriage to William Montacute, earl of Salisbury (the 
grandson of Sir Simon Montacute and Alfrida), thus united 
in their persons the rights of the two lines of descendants 
of Olave the Black to the kingdom of Man. With the aid 
of the English king, the earl was enabled to expel the Ran- 
dolphs from the island; and in the year 1344 he was 
crowned king of Man. In the year 1393 the earl of Salis- 
bury sold to Sir William le Scroop, afterwards earl of 
Wiltshire, “the Isle of Man, with the title of king, and 
the right of being crowned with a golden crown.” On his 


| attainder for high treason, the island in 1399 was bestowed 
/on Henry Percy, earl of Northumberland, but, he haying 


been attainted and banished, Henry LV. made a grant of 
it to Sir John Stanley for life. This grant was cancelled, 
and a new patent passed the Great Seal in 1406, bestowing 
the island on him and his heirs, to be held of the crown of 
Great Britain, by presenting to the king a cast of falcons at 
his coronation. Sir John died in 1414, 

The lords of the house of Stanley governed the island 
chiefly by leutenants, who occupied the castles of Peel 
and Rushen. Various tumults arose ; and in 1422 fourteen 
persons were drawn by wild horses, quartered and _ be- 
headed, Eventually authority was delegated by Sir John 
Stanley the second to Henry Byron, who remodelled the 
House of Keys, and rendered his regency one of the most 
popular in the insular history. Sir John died in 1432, and 
was succeeded by his son Thomas, who was created Baron 
Stanley by Henry VI., and died in 1460, Thomas his son 
was created earl of Derby by Henry VII. He died in 1505. 
This nobleman’s son Thomas, the second earl of Derby, re- 
linquished the title of king of Man, as he preferred “ being 
a great lord to being a petty king.’ Edward, the third 
earl, son of the last-named ‘Thomas, was a great favorite 
with Henry VIII. On his death ini 1572 he was succeeded 
by his son Henry, the fourth earl of Derby. He died in 
1594, leaving two sons, Ferdinand and William, who in 
time became lords of Man. ‘The title of William was dis- 
puted by the three daughters of Ferdinand; with these, 
however, he effected a compromise; and in 1610 he ob- 
tained an “act for assuring and establishing the Isle of 
Man in the name and blood of William, earl of Derby,” but 
in 1627 resigned his dignities to his son James, celebrated 
in history as “‘the great earl of Derby.” 

After the execution of this earl in 1651, for bringing aid 
to Charles II. before the battle of Worcester, the defence 
of the island was undertaken by the heroic Lady Derby, 
who was then in Castle Rushen; but William Christian, 
the receiver-general, on the appearance of a hostile fleet, 
surrendered the castle without resistance. The island was 
then granted to General Lord Fairfax, who held it until 
the Restoration, when it was restored to Charles, the 
eighth earl (the son of Earl Jaines), in 1660. On the death 
of Earl Charles in 1672 he was succeeded by his son Wil- 
liam, the ninth earl, who took but little interest in his 
Manx property, and, dying without issue in 1702, was suc- 
ceeded by his brother James ‘a younger son of Charles, the 
eighth earl). Atthis time the lordship of Man was ap- 
proaching dissolution. The leases, which had been granted 
for three lives, having nearly expired, and no provision 
having been made relative to their renewal, the neglect of 
agriculture became general, and the people were wholly 
given up to the fisheries and the pursuit of the contraband 
trade. In 1703, however, the earl conferred on his Manx 
subjects the Act of Settlement (very justly called the Manx 
Magna Charta), by which the lessees of estates were finally 
established in their possession, and their descent secured in 
perpetuity, on the payment of certain fines, rents, and 
dues to the lords. James died in 1736 without issue. 

The lordship of Man then devolved on James, second 
duke of Athole, a descendant of the Lady Amelia Anna 
Sophia Stanley (youngest daughter of the seventh earl of 
Derby). In 1725, in order to put an end to the contraband 
trade of the island, an Act of Parliament was passed au- 
thorizing the purchase of all the royalties and revenues of 
the island ; but no result followed till 1765, when proposals 
for the purchase were revived and the sovereignty and its 
revenues were surrendered to the crown for £70,000. The 
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duke and duchess reserved the manorial rights, the patron- 
age of the see, and other emoluments and perquisites. By 
the Act of Revestment, the island was more closely united 
to the crown of England, although its independent form of 
government has never experienced any material change. 
An annuity of £2000 had also been granted to the duke and 
duchess, but, on the ground of inadequate compensation, 
the fourth duke presented petitions to parliament and the 
‘privy council in 1781 and 1790. He did not succeed, how- 
ever, until the year 1805, when an Act was passed assigning 
to him and his heirs, as an additional grant, a sum equal to 
one-fourth of the revenues of the island, which was after- 
wards commuted for £3000 per annum forever. 

In 1825 an Act passed both houses of parliament, at the 
instance of the lords of the treasury, authorizing the lords 
of the treasury to treat with the duke for the purchase of 
his remaining interest in the island, and in 1829 he was 
awarded afurthersum of £417,144 for his rights in and over 
the soil as lord of the manor, as follows: 


Por the annually is sssseeresserwesqcnsies 

Kents and alienation fines.... 

Tithes, MINES ANG QUBITICK Leow o> cevinerssnersnsseretoasers 

Patronage of the bishopric, with fourteen advow- 233,144 
sons, the aggregate value of which was £6000.... 


Sais essnnersoinudp sae cionsse? SeLOO, 000 
. 34,000 


Total mance iwser gathetenate abe betas 


The ecclesiastical buildings of Man have never been re- 
markable for architectural beauty. The most important 
ecclesiastical ruin is St. German’s cathedral on St. Patrick’s 
Isle. The present building, which is roofless and in a very 
dilapidated condition, dates from 1245, but is supposed to 
occupy the siteof anolder building. It is a rude cruciform 
structure 110 feet long by 70 feet broad. The tower, 68 feet 
in height, is still entire. The crypt of the cathedral was 
made use of for an ecclesiastical prison, among its more 
important captives being Eleanor, wife of Humphrey, duke 
of Gloucester, uncle of Henry VI. She is alluded to by 
Shakespeare as living in banishment “ with Sir John Stan- 
ley in the Isle of Man.” St. Patrick’s church on the same 
islet is supposed to have been erected in the time of St. 
Patrick. Adjoining it is a round tower similar to those 
so common in Ireland. Most of the other old churches in 
Man have been replaced by modern structures, but another 
very ancient one is Lonan old church, now partly roofless, 
a very unpretending structure, but said to date from the 6th 
century. St. Trinian’s church, also in ruins, is said never 
to have been roofed, acircumstance accounted for by an in- 
teresting legend. Of Rushen Abbey, a house of the Cister- 
cians, founded by Olave, king of Man, in 1134, there now 
only remain the tower, refectory, and dormitory. The 
Franciscan friary of Bimakin, founded in 1373, has been 
partly rebuilt in a rude manner, andis used asa barn. Of 
the nunnery of Douglas, said to have been founded by 
Matilda, daughter of Ethelbert, king of the West Saxons, 
there are now very slight remains, chiefly of the chapel. 

The principalcastles are Castle Rushen, in Castletown, 
the ancient residence of the kings of Man, dating probably 
from the 13th century and still quite entire; Peel Castle, 
the ancient stronghold of the island; and Castle Mona, 
Douglas, erected in 1801 as a residence by the duke of 
Athole, and now used as a hotel. 

The chief sources of the early history of Man are the Norse 
and Erse Sagas, and the record kept by the monks of Rushen 
Abbey entitled Chronicon Mannix, which has been edited with 
learned notes by P. A. Munch, Christiania, 1860. The best gen- 
eral history is that of Train, 2 vols., 1845. Among other works 
may be mentioned J. G. Cumming, Isle of Man, its history, physt- 
ed, ecclesiastical, civil, and legendary, 1848; Id., Runic and other Re- 
mains of the Isle of Man, 1857; J. M. Halliwell, Roundabout Notes on 
the Isle of Man, 1863. The publications of the Manx Society are of 
great value and interest. 

MANACOR, a town in the island of Majorca, stands 
on a slight eminence in a fertile plain, 30 miles east of 
Palma (40 miles by rail, by way of Inca). _It is sub- 
stantially built, with wide streets and several squares ; 
it has the usual buildings (a parish church, a hospital, 
schools, and the like), and the former palace of the in- 
dependent kings of Majorca is pointed out. The 
neighborhood produces cereals, fruits, an inferior quality 
of wine, and some oil ; and there is some trade in these, 
as well as in sheep and cattle. The population in 1877 
was 14,894. 

MANAGUA, the capital of Nicaragua, Central 
America, lies on the south shore of Lake Managua in 
12° 7’ N. Jat. and 86° 12” W. long. Steamboat commu- 
nication with Old Leon was opened in 1881, and a rail- 
way (32 miles) is in course of construction to Granada. 
It was mainly owing to the rivalry between Leon and 
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Granada that Managua was chosen as the seat of 
the national assembly, and apart from the adminis- 
trative buildings there is little of interest in the place. 
The population is about 12,000. * 

MANAKIN, from the Dutch word Manneken, ap- 
plied to certain small birds, a name apparently intro- 
duced into English by Edwards (Nat. Hist. Birds, 1. 
p. 21) in or about 1743, since which time it has been 
accepted generally, and is now used for those which 
form the Family Pipridcee of modern ornithologists. 
The Manakins are peculiar to the Neotropical Region, 
and are said. to have many of the habits of the Tit- 
mouse Family (Pardee), living, says Swainson, in 
deep forests, associating in small bands, and keeping 
continually in motion, but feeding almost wholly on the 
large soft berries of the different kinds of Melastoma. 
However, as with most other South American Passe- 
rine birds, little is really known of their mode of life; 
and it is certain that the Pipride have no close affinity 
with the Paride,' but belong to the other great 
division of the Order Pusseres, to which Garrod assigned 
the name Mesomyodi, and in that division, according 
to the same authority, constitute, with the Cotingide,? 
the group Heteromert (Proc. Zool. Society, 1876, p. 
518). he Manakins are nearly all birds of gay ap- 
pearance, generally exhibiting rich tints of blue, 
crimson, scarlet, orange, or yellow in combination with 
Siestnns, deep black, black and white, or olive green ; 
and among their most obvious characteristics are their 
short bill and feeble feet, of which the outer toe is 
united to the middle toe for a good part of its length. 
The tail, in most species very short, has in others the 
middle feathers much elongated, and in one the outer 
rectrices are attenuated and produced into threads. 
They haye been divided by various authors into up- 
wards of twenty so-called genera; but Messrs. Sclater 
and Salvin (Nomenclator, pp. 53-55) recognize only 
fifteen, though admitting sixty species, of which fifteen 
belong to the genus Pipra as now restricted, the P. 
leucocilla of Linnzeus being its type. This species has 
a wide distribution from the isthmus of Panama to 
Guiana and the valley of the Amazon; but it is one 


of the most plainly colored of the Family, being black - 


with a white head. The genus Macheropterus, con- 
sisting of four species, is very remarkable for the 
extraordinary form of some of the secondary wing- 
feathers in the males, in which the shaft is thickened 
and the webs changed in shape, as described and illus- 
trated by Mr. Sclater (J?0c. Zool. Society, 1860, p. 
90; Ibis, 1862, p. 175%) in the case of the beautiful 
M. deliciosus, and it has been observed that the wing- 
bones of these birds are also much thickened, no doubt 
in correlation with this abnormal structure. A like 
deviation from the ordinary character is found in the 
allied genus Manacus or Chiromachceris, compre- 
hending six species, and that gentleman believes it 
enables them to make the singular noise for which they 
have long been noted (see Birps, vol. ii. p. 668), 
described by Mr. Salvin (/67s, 1860, p. 37) in the case 
of one of them, 17. cand, as beginning ‘‘ with a sharp 
note not unlike the crack of a whip,”’ which is “‘ followed 
by a rattling sound not unlike the call of a landrail”’ ; 
and it is a similar habit that has obtained for another 
species, JM. edwardsi, the name in Cayenne, accord- 
ing to Buffon (Hist. Nat. Oiseaux, iv. p. 413), of Cas- 
senoisette. This view is supported by wv. Layard, who, 
writing of the last species, says (bis, 1873, p. 384)— 
“They make a curious rattling noise (1 suspect, by 
some movement of the oddly shaped wing-feathers), 
which constantly betrays their presence in the forests,’”’ 
while of the congeneric M. gutturosus, Mr. J. F. Ham- 


1 Though Edwards called the species he figured (wt supra) a Tit- 
mouse, he properly remarked that there was no genus of European 
birds to which he could liken it. : 

2 Excluding, however, the genus Rupicola—the beautiful orange- 
colored birds well known as the ‘Cocks of the Rock”—which 
has usually been placed among the Cotingidz. 

i aaa are repeated by Mr. Darwin (Descent of Man, ete. 
il. p. 66). 


MANANTADI—MANATEE. 


ilton remarks (bis, 1871, p. 305)—‘‘The first intima 
tion given of the presence of one of these "birds is a 
sharp whirring sound very like that of a child’s small 
wooden rattle, followed by two or three sharp snaps.”’ 
The same observer adds (doc. cit.) of a member of the 
kindred genus Chiroxiphia, containing five species, 
that C. caudata is known to the Brazilians as the Fan- 
dango-bird from its ‘‘habit of performing a dance.”’ 
They say that ‘‘one perches upon a branch and the 
others arrange themselves in a circle round it, dancing 
. up and down on their perches to the musice sung [? 
by the centre one. Exception must be taken to this 
story so far as regards the mode in which the ‘‘ music”’ 
is produced, for these birds have no true song-muscles ; 
buat the effect is doubtless as described by Mr. Hamil- 
ton’s informant. (A. N.) 


MANANTADTI, or MAanantoppy, a town in Mala- 
bar district, Madras, the trading centre of the Waindd 
coffee district (11° 48’ N. lat., 76° 2’ 55’” H. long.). 
The population in 1871, including numerous European 
coffee planters, with their families, in the neighbor- 
hood, was 10,959. Besides several Government offices, 
it contains a good club. arly in the century it was a 
military outpost, and in 1802 the garrison was mas- 
sacred by the Kotiote rebels. 

MANASSEH. The tribe of JosrpH (¢.v.), the 
northern and stronger half of the ‘‘sons of Rachel,”’ 
was divided into two branches, so considerable as them- 
selves to bear the name of tribes, which referred their 
origin to Manasseh and Kphraim, the two sons of 
Joseph by his Egyptian wife Asenath. Of the two 
Manasseh was held to be the elder, but the patriarchial 
story relates how Jacob predicted the superiority of 
the younger branch (Gen. xlviii.), which in fact played 
far the greater part in history, occupying in the early 
days of the settlement in Canaan the part of the cen- 
tral mountain land (Mount Ephraim) where the head- 
quarters of armed Israel and the sanctuary of the ark 
stood (at Shiloh), and in later times holding the kingship, 
and greatly excelling Manasseh in numerical strength 
(Deut. xxxiii. 17). During the conquest, per- 
haps, the separation of the two branches of Joseph 
was notso well marked as it afterwards became, for 
the ancient narrative of Josh. xvii. 14.sq. represents 
the whole house of Joseph as acting together, estab- 
lishing itself in the uncleared forests of the central 
mountains till it had strength to contend with the iron 
chariots of the Canaanites about Bethshean, and in 
the cities of the rich plain of Jezreel. These cities 
probably were not all subdued till the days of David 
or Solomon (Jud. i. 27; 1 Sam. xxxi. 10; 1 Kings ix. 
15); they ultimately fell to Manasseh, which held the 
northern part of the hill country of Joseph, overlook- 
ing the plain, and finally encroached on lands once 
reckoned to the less warlike tribes of Asher and Issa- 
char (Josh. xvii. 11). But the line of division between 
Ephraim and Manasseh was not always the same, and 
in the time of Gideon, the great hero of Manasseh, 
and the man under whom the seniority of the tribe 
had a real meaning, Shechem itself was a Manassite 
dependency (Jud. viii. 31, ix.; comp. Num. xxvi. 31; 
Josh. xvii. 2). Besides their western settlements in 
the fertile glades of northern Samaria, running out 
into the great plain, the Manassites had broad terri- 
tories east of the Jordan in the pasture land of Bashan 
and Gilead, mainly occupied by a clan named Machir, 
and reckoned as the first-born of Manasseh. On the 
probability that these territories were colonies from the 
west see vol. xii. p. 411. The outlying Manassites 
had many struggles with their foreign neighbors; 1 
Chron. ii. 23 speaks of the loss of sixty cities to Geshur 
‘and the Aramzans (A. V. mistranslates). After suf- 
fering much at the hands of Damascus, they were 
carried into captivity by Tiglath Pileser (734 B.c.). 
The captivity of their brethren in the west followed 

’ some thirteen years later. 


The name Manasseh (NWP, he who causes to forget) is 
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referred in Gen. xli. 51 to Joseph’s joy at the birth of the 
son who caused him to forget his sorrows and cease to long 
for his home. Unlike the other tribal names, it occurs as 
a personal name before the captivity, being that borne by 
the son and successor of Hezekiah, the godless king whose 
sins are designated as the decisive cause of the rejection of 
the kingdom of Judah. 


MANATEE, an animal belonging to the order Si- 
rena, for the general characters and position of which 
see MAMMALIA (p. 392). The name Manati was ap- 
parently first applied to it by the early Spanish colo- 
nists of the West Indies, in allusion to the hand-like 
use which it frequently makes of its fore limbs; by 
English writers from the time of Dampier (who gives 
a good account of its habits) downwards it has been 
generally spelt ‘‘Manatee.’’ It was placed by Linnzeus 
in his heterogeneous genus Zrichechus, but Storr’s 
name Manatus is now generally accepted for it by zool- 
ogists. ‘The question of the specific distinction of the 
African and American Manatees will be treated of 
further on, but it will be chiefly to the latter and better 
known form that the following description applies. 

The size of the Manatee has been much exaggerated, 
as there is no trustworthy evidence of its attaining a 
greater length than 8 or perhaps 9 feet. Its general 
external form may be seen in the figure at p. 394 of 
the present volume, taken from a living example in 
the Baaion Aquarium. The body is somewhat fish- 
like, but depressed and ending posteriorly in a broad 
flat shovel-like horizontal tail, with rounded edges. 
The head is of moderate size, oblong, with a blunt, 
truncated muzzle, and divided from the body by a very 
slight constriction or neck. The fore limbs are flattened 
oval paddles, placed rather low on the sides of the 
body, and showing externally no signs of division into 
fingers, but with a tolerably free motion at the shoulder, 


a B 


Fic. 1.—Front View of Head of American Manatee, showing the 
eyes, nostrils, and mouth, A, with the lobes of the upper lip 
divaricated; B, with the lip contracted. From Maurie, Trans. 
Zool, Soc., vol. xi. 


elbow, and wrist joints, and with three diminutive flat 
nails near their extremities. No traces of hind limbs 
are discernible either externally or internally ; and there 
is no dorsal fin. ‘The mouth is very peculiar, the tumid 
upper lip being cleft in the middle line into two lobes, 
each of which is separately movable, as will be de- 
scribed in speaking of its manner of feeding. The 
nostrils are two semilunar valve-like slits, at the apex 
of the muzzle. The eyes are very minute, placed 
at the sides of the head, and with a nearly cir- 
cular aperture with wrinkled margins. The ex- 
ternal ear is a minute orifice situated behind the 
eye, without any trace of pinna, The skin gen- 
erally is of a dark grayish color, not smooth or 
glistening, like that of the Cetacea, butfinely wrinkled. 
At a little distance it appears naked, but a close in- 
spection, at all events in young animals, shows a scanty 
covering of very delicate hairs, and both upper and 
under lips are well supplied with short, stiff bristles. 
The skeleton is remarkable for the massiveness and 
extreme density of most of the bones of which it is 
composed, especially the skull and ribs. The cervical 
region of the vertebral column is short, and presents 
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the great peculiarity of containing only six bones in- 
stead of seven, the number usual ia the Mammalia,— 
the only other case being that of one species of Sloth 
(Cholepus hoffmanni). Another great peculiarity 
(which, however, seems to be characteristic of all the 
Strenia) is that the flat ends of the bodies of the ver- 
tebrze do not ossify separately, so as to form disk-like 
epiphyses in the young state. None of the vertebrae 
are united together to form a sacrum, the rudimentary 
pelvic bones having no direct connection with the 
vertebral column. The number of rib-bearing vertebree 
appears to vary in different individuals from fifteen to 
eighteen, and those of the lumbar and caudal region 
from twenty-five to twenty-nine. The skull (fig. 2) is 
exceedingly different from that of any of the Whales 


Fig 2.—Skull of African Manatee (Manatus senegalensis). X 4. 
From Mus. Roy. Coll. Surgeons. 


or Dolphins (order Cetacea), with which the Manatee 
was formerly supposed to be allied. The cerebral 
cavity is rather small as compared with the size of the 
animal, and of oblong form; its roof is formed of the 
parietal bones as in ordinary mammals. The squamosal 
has an extremely large and massive zygomatic process, 
which joins the largely developed malar bone in front. 
The orbit is small, but prominent and nearly surrounded 
by bone. The anterior nares taken together form a 
lozenge-shaped aperture, which looks upwards and 
extends backwards considerably behind the orbits. 
Their sides are formed by the ascending processes of 
the premaxillze below, and by the supra-orbital processes 
of the frontals above, no traces of nasals being found 
in most skulls, though these bones are occasionally 
present in a most rudimentary condition, attached to 
the edges of the frontals, far away from the middle 
line, a position quite unique among the mammalia. In 
front of the narial aperture the face is prolonged into 
a narrow rostrum, formed by the premaxilla, sup- 
ported below and at the sides by the maxille. The 
under surface of this is very rugous, and in life covered 
by a horny plate. The rami of the mandible are firmly 
united together at the symphysis, which is compressed 
laterally, deflected, and has a rugous upper surface ; 
to this another horny plate is attached, which with 
that of the upper jaw futetiondlis. supplies the place 
of teeth in the anterior part of the mouth. In 
the young state there are rudimentary teeth con- 
cealed beneath these horny plates, which never 
penetrate through them, and must therefore be quite 
functionless, and altogether disappear before the animal 
is full grown. There is besides, on each side of the 
hinder part of both upper and lower jaws, a parallel 
row of molar teeth, similar in characters from the be- 
ginning to the end of the series, with square enamelled 
crowns raised into tuberculated transverse ridges, some- 
thing like those of the Tapir and Kangaroo. The upper 
teeth have two ridges and three roots; the lower teeth 
have an additional posterior small ridge or talon, and 
put two roots. These teeth succeed each other from 
before backwards, as in the Proboscidea, those at the 
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front of the mouth being worn out and shed before 
those at the back are fully developed. ‘There are 
altogether about eleven on each side of each jaw, but 
rarely more than six are present at one time. ‘The brain 
is remarkably simple in structure, its hemispheres 
exhibiting none of ile richness of convolution so charac- 
teristic of the Cetacea. The stomach is compound, bein 

divided by a valvular constriction into two principa 
cavities, the first of which is provided with a singular 
glandular pouch near the cardiac end, and the second 


with a es of elongated, conical czecal sacs or diver-_ 


ticula, the use of which is by no means obvious. The 
ceecum is bifid. The kidneys are simple. The heart is 
broad and flat, with the apex deeply cleft between the 
ventricles. 
sive and complex retia mirabilia. The lungs are re- 
markably long and narrow, as owing to the very oblique 
position of the diaphragm the thoracic cavity extends 
very far back over the abdomen. The mammary glands 
of the female are two in number, situated just behind 
and to the imer side of the origin of the pectoral limb. 
The red corpuscles of the blood are among the largest 
of those of any members of the class, averaging in di- 
ameter, according to Gulliver, gz55 of an inch. 
Manatees pass the whole of their life in the water, 


inhabiting bays, lagoons, estuaries, and large rivers, but ~ 


the open sea, so congenial to the Cetacea, is quite un- 
suited to their peculiar mode of life. Asa general rule 
they prefer shallow water, in which, when not feeding, 
they lie near the bottom, supporting themselves on the 
extremity of the tail, or slowly moving about by the 
assistance of the fore limbs, the tips of which are just 
allowed to touch the ground, and only raising the top of 
the head above the surface for the purpose of breathing 
at intervals of two or three minutes. In deeper water 
they often float, with the body much arched, the 
rounded back close to the surface, and the head, limbs, 
and tail hanging downwards. The air in the lungs ob- 
viously assists them to maintain this position, acting in 
the same manner as that in the air-sac of fishes. Their 
food consists exclusively of aquatic plants, on which 
they browse beneath the water much as terrestrial Un- 
gulates do on the green pastures on shore. ‘They are 
extremely slow and inactive in their movements, and 
perfectly harmless and inoffensive, but are subject to a 
constant persecution from the inhabitants of the coun- 
tries in which they dwell for the sake of their oil, skin, 
and flesh. Frequent attempts have of late been made to 
keep specimens alive in captivity, and sometimes with 
considerable success, one having lived in the Brighton 
Aquarium for upwards of sixteen months. It was fed 
chiefly on lettuce and endives, but would algo eat leaves 
of the dandelion, sow-thistle, cabbage, turnip and carrot. . 
From this and other captive specimens some interesting 
observations upon the mode of life of the animal have 
been made. One of these is the free use it makes of 
its fore-limbs. From the shoulder-joint they can be 
moved in all directions, and the elbow and wrist permit 
of free extension and flection. In feeding they push the 
food towards their mouth by means of one of the hands, 
or both used simultaneously, and any one who has seen 
these members thus employed can readily believe the 
stories of their carrying their young about under their 
arms. Still more interesting and quite unique among 
Mammals is the action of the peculiar lateral pads 
formed by the divided upper lip, thus described by 
Professor Garrod:—** These pads have the power of 
transversely approaching towards and receding from 
one another simultaneously (see fig. 1, A and B). 
When the animal is on the point of seizing (say) a leaf 
of lettuce, the pads are diverged transversely in such a 
way as to make a median gap of considerable breadth. 
Directly the leaf is within grasp the lip-pads are ap- 
proximated, the leaf is firmly seized between their con- 
tiguous bristly surfaces, and then drawn inwards by a 
backward movement of the lower margin of the lip as 
a whole.’’ The animal is thus enabled by the unaided 
means of the upper lip to introduce food placed before 


The principal bloodvessels form very exten- ° 


_of nature or in captivity, indicate that it has not the 


‘Bhp of Bengal, India, lying between 22° 37’ and 24° 
Ban. 
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it without the assistance of the comparatively insignifi- 
cant lower lip, the action greatly recalling to the ob- 
server that of the mouth of the silkworm and other 
caterpillars in which the mandibles diverge and con- 
verge laterally during mastication. When out of water 
the Manatee is an extremely helpless animal; and, al- 
though statements are frequently met with in books of 
its voluntarily leaving the water for the purpose of 
basking or feeding on shore, all trustworthy observa- | 
tions of those acquainted with it, either in a state 


power of doing so. None of’ the specimens in confine- 
ment have been observed to emit any sound. 

Manatees, though much less numerous than formerly, 
are still occasionally found in creeks, lagoons, and estu- 
aries in some of the West India Islands, and at various 
spots on the Atlantic coast of America from Florida as 
far south as about 20°S. lat.,and in the great rivers of | 
Brazil, almost as high as their sources. ‘They are also 
met with in similar situations on the opposite African 
coast, from about 16° N. to 10°S. lat., and as far into the 
interior as Lake Tchad. Its range may even extend, if 
native reports obtained by Schweinfurth are correctly 
interpreted, to the river Keebaly, 27° E. long. 

The American Manatee (JZ australis, Tilesius) was 
thought by Dr. Harlan to be divisible into two species, 
one inhabiting Brazil and the other the West Indies 
and Florida. ‘Io the northern form he gave the name of 
MW. latirostris, but the distinction is not now generally 
recognized. .On better grounds the African Manatee 
was separated by Desmarest, under the name of J/. 
senegalensis, and there are certainly constant although 
not very important cranial characters by which it can 

distinguished from its American congener, among 
which the following may be cited:—the anterior part 
of the rostrum is shorter, shallower, and altogether 
smaller; the orbit is smaller; the zygomatic process is 
more deep and massive; the malar bone is deeper from 
above downwards; the upper margin of the anterior 
nares is narrower and with a smooth and rounded in- 
stead of a thin and serrated edge; the upper surface 
of the frontal is flat, instead of concave; the foramen 
magnum and occipital condyles are narrower from side 
to side, and the symphysis of the mandible smaller 
and shallower. 

For an account of the animals most nearly allied to 
the Manatee, the Rhytina, or ‘‘ Northern Manatee ”’ 
as it is sometimes called, and the Dugong, as well as 
the various extinct kindred forms, see MAMMALIA, pp. 
393, 394. 
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Observations on the Manatee,” Jbid., vol. xi. p. 19, 1880; A. H. 
Garrod, “ Notes on the Manatee recently living in the Zoo- 
logical Society’s Gardens,” Ibid., vol. x. p. 137, 1875; H. C. 
Chapman, ‘Observations on the Structure of the Manatee,” 
Proc. Acad. Nat. Sciences of Philadelphia, 1875, p. 452; A. Crane, 
“Notes on the Habits of the Manatees in Captivity in the 
‘Brighton Aquarium,” Proc. Zool. Soc. Lond., 1881, p. 456. 
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MANBHUM, a district in the lieutenant-governor- 


lat., and 85° 51’ and 87° 16’ EK. long., is bounded 
on the N. by Hazaribagh and Birbhiim, on the EK. by 
Bardwin and Bankura, on the 8. by Singbhtim and 
Midnapur, and on the W. by Lohardag’ and Hazéri- 
bagh. It has an area of 4147 square miles. ‘he 
headquarters station is at Purulia. Ménbhiim district | 
forms the first step of a gradual descent from the table- 
land of Chutia Nig pur to the delta of lower Bengal. 
In the northern and eastern portions the country is 
open, and consists of a series of rolling downs, dotted 
here and there with isolated conical hills. The soil is 
for the most part composed of hard, dry, ferruginous 
gravel, but many of the lower levels are filled with good 


hills are Dalm& (3407 feet), the crowning peak of a 
range of the same name; Gangdbari or Gajboro (2220 
feet), the highest peak of the Baghmiundi range, 
about 20 miles southwest of Purulia; and Pénchkot 
or Panchet (1600 feet), on the summit of which stands 
the old palace of the rajas of Panchet. The hills are 
all covered with dense jungle. The chief river is the 
Kasai, which flows through the district from northwest 
to southeast into Miduapur, and on which a considera- 
ble floating trade in sdl/ timber is carried on. ‘The 
useful timber found in Maénbhitim is very limited in 
quantity, and with the present rate of decrease the 
supply cannot last many years. ‘Tigers, leopards, bears, 
wolves, and jackals are not uncommon; various kinds 
of deer abound; and bison are occasionally met in the 
south of the district. Klephants come every year 
from the southeast into the hilly country between 
Manbhuim and Singbhtim. 


The census of 1872 returned the population at 820,521. 
The aboriginal tribes: numbered about 100,000, Hindus 
nearly 700,000, and Moliammedans about 30,000. In 1881 
the population was 1,042,117. A large proportion of the 
aborigines are now semi-Hinduized. The most numerous 
aboriginal tribe are the Santdls; but the Bhamij Kols are 
the characteristic aboriginal race. In Ménbhiém they in- 
habit the country lying on both sides of the Subarnarekha. 
They are pure Mundas, but their compatriots to the east 
have dropped the title of Munda and‘the use of their dis- 
tinctive language, have adopted Hindu customs, and are 
fast becoming Hindus in religion. The Bhimij Kols of the 
Jungle Mahals were once the terror of the surrounding dis- 
tricts; they are now a more peaceful tribe, but have lost to 
a great extent the simplicity and truthfulness of character 
for which their cognates are generally distinguished. 
Among high-caste Hindus about 50,000 are Brahmans and 
16,000 Rajputs. The Kevymis, who are agriculturists, form 
the most numerous caste in the district. The Christian 
population numbers about 600, most of whom are engaged 
in agriculture. Manbhim is a thoroughly rural district, 
and contains only two towns with upwards of 5000 inhabi- 
tants, namely Purulia, and Raghundthpur, and three others 
with over 2000, namely Jhalida, Kaésipur, and Manbazar. 

Three principal crops of rice are grown, one sown broad- 
cast early in May on table-lands and the tops of ridges, an 
autumn crop, and a winter crop, the last forming the chief 
harvest of the district. Other crops are wheat, barley, 
Indian corn, pulses, oilseeds, linseeds, jute, hemp, sugar- 
cane, indigo, pan, and tobacco. Owing to the completeness 
of the natural drainage floods are unknown, but the coun- 
try is liable to droughts caused by deficient rainfall, The 
principal articles of export are oilseeds, pulses, ghi, lac, 
indigo, tasar silk (manufactured near Raghunathpur), tim- 
ber, resin, coal, and (in good seasons) rice. The chief im- 
ports are salt, piece goods, brass utensils, and unwrought 
iron. Cotton hand-loom weaving is carried on all over the 
district. Coal is found at Iharia, a few miles from Paras- 
nith. The total revenue of Manbhim district in 1881 
amounted to £25,760, of which £7562 was obtained from 
land, and £6424 from excise. The schools in 1877 numbered 
392, with 9616 pupils. The climate of the district is fairly 
healthy. The average rainfall for the ten years ending 
1880-81 was 55.95 inches. 


MANCHA, La. This name, when employed in its 
widest sense, denotes that bare and monotonous ele- 
vated plateau of central Spain which stretches between 
the mountains of Toledo and the western spurs of the 
hills of Cuenca, being bounded on the S. by the Sierra 
Morena and on the N. by the Alearria, which skirts 
the upper course of the Tagus. It thus comprises 
portions of the modern provinces of Toledo, Albacete, 
and Cuenca, and almost the whole of Ciudad Real. 
Down to the 16th century the eastern portion was 
known as La Mancha de Montearagon or de Aragon, 
and the western simply as La Mancha; afterwards the 
northeastern and southwestern sections respectively 
were distinguished by the epithets ‘‘Alta’’ and ‘‘ Baja”’ 
(upper and lower). a Mancha was created a 
province: in 1691; its officially recognized bounda- 
ries have: since that time varied considerably, and 
in common parlance it is often now identified with 


alluvial soil, which yields a fine rice crop. In the 

western and southern tracts the country is more broken, 

and the scenery much more picturesque. The principal 
VoL. XV.—712 


the modern province of Ciudad Real. Ciudad Real, 
| which is bounded on the N. by Toledo and Cuenca, 
on the H..by Albacete,.on.the 8. by Jaen and Cordova, 
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and on the W. by Badajoz, ranks next to Badajoz 


and Caceres in point of extent, containing an area 
The population in 1877 was | 


of 7840 square miles. T 
260,641, Krom the scarcity of water and the absence 
of trees and fences, as also from the circumstance of 


the rural population being concentrated only at certain | 


points, it as a whole presents to the traveller the arid 
and cheerless aspect of a desert. The principal river 
is the Guadiana, which rises in the so-called Ojos 
(‘S Hyes’’) del Guadiana in the northeast, and is joined 


by the Azuer and the Jabalon on the left, and by the | 


united waters of the Zancara and Giguela on the right. 
No advantage, unfortunately, is taken of these or any 
of the other streams in the province for irrigation, the 
inhabitants depending entirely on the meagre and pre- 
carious rainfall A peculiarity of the province is the 
facility with which water can be reached by digging; 
but neither has this resource been turned to much ac- 
count. he mineral wealth of the province (lead, 
copper, iron, antimony, coal) is great, the cinnabar 
mines of Almaden, in particular, which were known to 
the ancients, being the chief Huropean source for the 
supply of quicksilver. Saltpetre is obtained in several 
places, especially in the north (Herencia and AlcAzar 
‘de San Juan), and there are quarries of fine stone at 
Santa Cruz and elsewhere. The crops, when not in- 
terfered with by drought and locusts, the two scourges 
of La Mancha, are very large; they include wheat, 
barley, rye, chick pease, wine (that of Valdepefias 
being especially famous), vinegar and brandy, some oil, 
saffron, esparto, flax, and silk. The mules reared in 
the province are considered the best in or out of Spain. 
There are manufactures of woollen fabrics, lace, earthen- 
ware, cutlery, saltpetre, gunpowder, and soap. ‘The 
lace of Almagro is much appreciated throughout the 
peninsula. ‘lhe province is traversed by the Madrid 
and Cordova Railway, which enters near Alcazar de 
San Juan and passes through Manzanares and Valde- 
pefias, entering Jaen at the Venta de Cardenas in the 
Sierra Morena. ‘The Madrid and Badajos line passes 
through Ciudad Real, the capital of the province, 
which is connected by rail with Manzanares. There 
are ten judicial partidos,—those of Alc4zar de San 
Juan, Almaden, Almagro, Almoddvar del Campo, 
Ciudad Real, Daimiel, Infantes, Manzanares, Piedra- 
buena, and Valdepenas. The only towns having a 
population above 10,000 in 1877 were Almodévar del 
Campo, Ciudad Real, and Valdepefias. 

MANCHE, a department in the northwest of France, 
washed by the English Channel (Fr., Za Manche), 
from which it derives its name, and made up of the 
Cotentin, the Avranchin, and part of the Bocage, three 
districts of the former province of Normandy, lies be- 
tween 48° 28’ 40’” and.49° 47’ 30’ N. lat., and between 
0° 43” and 1° 54” 30’ W. long., bounded W., N., and 
N.E. by the Channel, HK. by the department of Calva- 
dos, S.K. by Orne, S. by Mayenne and Ille-et-Vilaine. 
The capital, St. L6, is 159 miles west cf Paris. The 
extreme length from northwest to southeast is 81 miles, 
the mean breadth from east to west about 28 miles, 
and the area 2289 square miles. 

The department is traversed from south to north by 
a range of hills, in many parts picturesque, and con- 
nected in the south with those of Maine and Brittany. 
In the country around Mortain, which has been 
called the Switzerland of Normandy, they rise to a 
height of 1200 feet, and at Cherbourg their altitude is 
still from 500 to 600 feet. As a whole the department 
has an English aspect, with its broken and tide-beaten 
shores often enveloped in mist, and its ever-verdant 
meadows. The coast-line, running northward along 
the bay of the Seine from the rocks of Grand Camp 
to Cape Barfleur, thence westward to Cape la Hague, 
and finally southward to the bay of Mont St. Michel, 
has a length of 200 miles. The Vire and the Taute 
(which receives the Ouve as a tributary on the left) 
fall into the sea at the Calvados border, and are united 
by a canal some miles above their mouths. From the 
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mouth of the Taute a low beach runs to St. Vaast la 
Hougue, where the coast becomes rocky, with sand- 
banks. Between Cape Barfleur and Cape la Hague 
lie the roads of Cherbourg, protected by the famous 
breakwater. The whole western coast is inhospitable ; 
its petty havens, lying behind formidable barriers 
and reefs, are almost dry at low tide. Great cliffs like 
the points of Jobourg (420 feet high) and Flamanvyille - 
alternate with long strands such as that which extends 
for 30 miles from Cape Carteret to Granville. Be- 
tween this coast and the Channel Islands the tide, 
pent up between numerous sandbanks, flows with a 
terrific force that has given thoge passages such ill- 
omened names as Pussage de la Déroute and the like. 
The only important harbors are Granville and the 
haven of refuge of Diélette between Granville and 
Cherbourg. The chief stream is the Sienne with its 
tributary the Soulle flowing by Coutances. South of 
Granville the sands of St. Pair are the commencement 
of the great Bay of Mont St. Michel, whose area of 
60,000 acres was covered with forest till the terrible 
tide of the year 709. The equinoctial tides reach a 
vertical height of nearly 50 feet. Amidst the foam 
rise the picturesque walls of the abbey, from the sum- 
mit of a rock 400 feet high. The Sée, which waters 
Avranches, and the Couesnon (separating Manche © 
from Ille-et-Vilaine) disembogue in the bay. 

The climate of Manche is mild and humid from its 
propinquity to the sea. At Cherbourg, in spite of the 
northerly exposure, the mean temperature is 3° Fahr. 
above the mean for that latitude over France. Frosts 
are never severe; myrtles and fuchsias flourish in the 
open air. Excessive heat is also unusual; the pre- 
dominant winds are southwest. Rains are frequent, 
as the verdure of the country testifies, but they are 
not violent, the annual rainfall varying from 30 to 34 
inches. 


Of the entire area more than the half is arable, 198,000 
acres are meadow land, 52,000 are under wood, and 82,000 
are heath. The soil is not naturally fertile, but vegetation 
is promoted by the humidity of the climate and by artifi- 
cial improvements. The characteristic industry of the de- 
partment is the rearing of horses and other live stock ; the 
horses number 92,839, besides several thousands of asses and 
mules, and there are 270,000 horned cattle, 277,000 sheep, 
upwards of 100,000 pigs, and 40,000 beehives, In 1876 the 
department yielded 1,458,476 hectolitres of wheat, 83,393 
of meslin, 1,014,662 of barley, 427,360 of sarrasin, 484,365 of 
oats, 52,236 of rye, 683,834 of potatoes, 72,401 of dried 
legumes, 363,372 of beetroot, and 8758 quintals of hemp; 
and in the same year there were manufactured 86,088 kilo- 
grammes of linseed oil and 39,380 kilogrammes of colza oil. 
The arable and meadow lands occupy the eastern portion 
of the department; legumes are grown in the west, where 
lands adapted for market gardening purposes are worth as 
much as 15,000 frances per hectare. Manche has a larger 
production of cider than any other department of France 
(upwards of 28,000,000 gallons). Besides apples, pears, 
plums, cherries, and figs are grown. The fields are lined 
with rows of oak, elm, and beech, which furnish good tim- 
ber for building purposes. The aspen, poplar, walnut, and 
chestnut are also common. Some attempts at reclama- 
tion have been made along the seashore. The department 
contains valuable granite quarries in the Cherbourg arron- 
dissement and the Chausay Islands ; there are also deposits 
of carboniferous marble, kaolin, tale, and of caleareous 
sand (“tangue”) used as manure. There aresmiths’ forges 
and iron foundries, important brass foundries, and estab- 
lishments for the manufacture of tools, needles, and other 
kinds of hardware. The port and arsenal of Cherbourg is 
very complete in all its appointments. The depart- 
ment has 45 wool-spinning factories with 13,123 spindles, 
and 6 cotton-spinning mills with 50,000 spindles; and 
cloth-making, paper-making, tanning, and other in- 
dustries are carried on. On the coast there are im- 
portant beds for oyster culture, and the maritime popu- 
lation, when not engaged in the pursuit of the herring, 
mackerel, or lobster, collect ware and sea-grass, The ship- 
ping of Manche amounts to some 4600 vessels, with an ag- 
gregate tonnage of 29,000 tons ; the exports consist of butter, 
eggs, poultry, live stock, legumes, meat, fish, horses, grain, 
stone, brasiery, and hardware. The population in 1876 was 
539,910. There are six arrondissements (St. L6, Avranches, 


53° 29’ N, lat., 2° 14” 23’ W. long. 


of Montrose, by Mr. KH. 
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Cherbourg, Coutances, Mortain, Valognes), 48 cantons, and 
643 communes; the capital is St. Ld. 


MANCHESTER, a city whose industries are famous 
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stand for the most part on a level plain, the rising 
ground being chiefly on the north side. 
the Irwell, the Medlock, the Irk, and the Tib, the last 
ER. se : entirely overarched and covered by streets and ware- 
throughout the civilized world, is situated in the south- | houses. 


The rivers are 


The Irwell, which separates Manchester from 


eastern corner of Lancashire, and forms the centre of | Salford, is crossed by a series of bridges; it has here 
the towns and yillages which constitute the great Eng- an average width of 91 feet and an average depth of 


lish cotton district. 


are about 180 miles northwest of London, and lie in 
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about 7 feet ; and it discharges itself into the Mersey, 
The city of Manchester and the borough of Salford which is about ten miles distant. 


The chief part of 


: the district, before it was covered with the superficial 
The sister towns | drift of sand, gravel, and clay, consisted of upper New 
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Plan of Manchester. 


Red Sandstone with slight portions of lower New Red 
Sandstone, magnesian marls and upper red marls, hard 
sandstone and limestone rock, and cold clays and shales 
of contiguous coal-fields. The town, as its thousands 
of brick-built houses show, has been for the most part 
dug out of its own fields of clay. The parliamentary 
borough of Manchester has an area of 6349 acres; the 
municipal area is 4294 acres. The parliamentary and 
municipal boundaries of Salford are identical, and have 
an area of 5208 acres. 

Parks and Statues.—Of the parks and open spaces 
the principal is the Peel Park in Salford, containing 
an area of about 40 acres. Invits centre is the building 


‘containing the Salford library, and also a valuable 


museum of natural history and a collection of paintings 
known as the Langworthy gallery (built and endowed 
by the late Mr. HK. R. Langworthy, a wealthy Man- 
chester merchant). Among the notable pictures may 
be named the Last Sleep of Argyll and the Execution 

M. Wards Seedley Park, 


Ordsall Park, and Albert Park have been recently 
constructed, an! are situated in Salford,—where also 
is the Kersal Moor, a bit of wild moorland, some 21 
acres in extent, now under the care of the corporation 
of Salford. The moor has long been noted for the 
richness of its flora, about one-eighth of the English 
flowering plants having been gathered on its very 
limited area. It has also been the scene of an entomo- 
logical incident of some interest--the capture of the 
GQeophara Woodiellu, of which there is no other re- 
corded habitat. The Queen’s Park at Harpurhey is 
pleasantly situated, notwithstanding that it is now 
completely surrounded by cottages and manufactories. 
In the centre is a small museum, the chief interest of 
which depends upon a series of phrenological casts 
made by Gall and Spurzheim and completed by Bally. 
Philips Park is also attractive, notwithstanding its 
close proximity to some of the densest portions of the 
town. The principal parks so far named were con- 
structed from money obtained by a public subscription 
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in 1846, but the Alexandra Park at Moss. Side has 
been entirely paid for out of the public rates. It has 
very good ornamental grounds, but owing to the diff- 
culties of the situation the construction has been some- 
what costly. In this connection may be mentioned the 
Botanical Gardens, which are situated at Old Trafford, 
and, although intended chiefly for the subscribers, are 
open at certain times to the public on liberal terms. 

Manchester is not remarkable for the number of its 
public memorials of the dead; but it possesses some 
which should not be passed unnoticed. In front of 
the infirmary are bronze statues of Wellington, Watt, 
Dalton, and Peel. A bronze statue of Cobden occu- 
pies a prominent position in St. Ann’s Square. The 
marble statue of the Prince Consort, covered by a 
Gothic canopy of stone, is placed in Albert Square, in 
proximity to the town-hall, the enormous proportions 
of which have the effect of dwarfing what would other- 
wise be a striking monument. The most picturesque 
is the bronze statue of Cromwell, on a huge block of 
rough granite as pedestal. In the Peel Park are 
statues of Queen Victoria, the Prince Consort, Sir 
Robert Peel, and Joseph Brotherton. 

Public Buildings.—Yhere are many fine public 
buildings in Manchester. Among them may briefly 
be noticed the royal infirmary, consisting of three sides 
of a quadrangle, one of which owes its existence to the 
benevolence of Jenny Lind, who gave two concerts in 
order to raise the necessary funds, The institution will 
accommodate about two hundred and sixty patients. 
The Royal Exchange is a fine specimen of Italian archi- 
tecture, and was erected in 1869; the great meeting- 
hall is one of the largest rooms in England, the ceiling 
having a clear area, without supports, of 120 feet in 
width. The Exchange is seen at its best on market days 
(Tuesday and Friday), when representatives from all 
parts of Lancashire, and indeed of the neighbor- 
ing counties, are earnestly engaged in buying and selling. 
The Assize Courts were built in 1864 from designs by 
Waterhouse. ‘The style is a mixture of Karly English 
and Decorative, and a large amount of decorative art 
has been expended on the building. The cost was 
about £100,000. The New Bailey prison, intended 
for the criminals of Salford hundred, was built (1787) 
in accordance with the suggestions of Howard, the 
prison philanthropist, but in 1868 the present struc- 
ture, at the rear of the Assize Courts, was erected. 
The style of architecture is Norman, and the 
building, which covers nine acres, cost £170,000. 
The city jail is situated in Hyde Road. The 
old townhall was built in 1832, in imitation of 
the Hrechtheum of Athens, at a cost of £40,000; it 
is now occupied by the town library. The business of 
the city is condueted in the new town-hall, probably 
beyond dispute the most important mumeipal building 
in the kingdom, if not in Kurope. It was completed 
in 1877, from designs by Waterhouse, who selected as 
the style of architecture a form of Gothic, but treated 
it very freely as purposes of utility required. The 
edifice covers 8000 square yards, and includes more 
than two hundred and fifty rooms. The triangular or 
flat-iron form of the site was a great difficulty, but the 
architect has skilfully surmounted it. The building 
consists of continuous lines of corridors surrounding a 
central courtyard and connected by bridges. The prin- 
cipal tower is 260 feet high, and affords a view which 
extends over a large part of South Lancashire and 
Cheshire, and is bounded only by the hills of Derby- 
shire, It contains a remarkable peal of bells by Tay- 
lor of Loughborough, forming an almost perfect 
chromatic scale of twenty-one bells; each bell has on 
it a line from section 105 of Tennyson’s In Memoriam. 
The great hall is 100 feet long and 50 feet wide, and 
contains a magnificent organ built by Cayaillé-Coll of 
Paris. The panels of this room are being filled with 
mural paintings illustrating the various incidents con- 
nected with the history and progress of the city. he 
total cost of the building has been £1,053,264, inclu- 
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sive of £201,925 for interest. The branch Bank of 
England is a Dorie building designed by Cockerell. 
The Salford town-hall is also Doric; and there are 
besides separate town-halls for the townships of Ard- 
wick, Chorlton, Hulme, Cheetham, Broughton, and 
Pendleton. he Free 'I'rade hall is a fine structure in 
the Lombardo-Venetian style, and its great hall will 
accommodate five thousand people. It is used for 
public meetings, concerts, ete., and was built by Wal- 
ters. The young men’s Christian association hall was 
originally used as a natural history museum. The 
Royal Institution, built by Sir Charles Barry, is a 
proprietary institution intended for the encouragement 
chiefly of the fine arts. In the entrance hall are casts 
of the Elgin Marbles, given by George LV., and a’ 
statue of Dalton by Chantrey. There is a small per- 
manent gallery, and periodical exhibitions of pictures 
are held and courses of lectures delivered. Arrange- 
ments have now (1882) been concluded by which the 
institution will become the property of the town and 
be managed by a joint committee of members of the 
town council and others interested in art and literature. 
The Athenzeum, also designed by Barry, was founded 
by Richard Cobden and others associated with him, 
for ‘‘the advancement and diffusion of knowledge.’ 
The institution has, perhaps, not developed exactly on ~ 
the lines contemplated by its promoters, but it has 
become one of the most useful in the town. All the 
advantages enjoyed by members of high-class social 
clubs, with the addition of facilities for educational 
classes and the use of an excellent news-room and a 
well-selected library of 18,000 volumes, are offered in 
return for a payment which does not amount to a penny 
a day. The mechanics’ institution contains a library 
of 17,000 volumes, and has connected with it excellent 
day and evening schools, and classes for technical in- 
struction. The Portico is a good specimen of the older 
proprietary libraries and news-rooms. It dates from 
1806, and has a library of 20,000 volumes. The Me- 
morial Hall was built to commemorate the memory of 
the Nonconformist ejected ministers of 1662. The- 
Unitarian home missionary board has here its library 
and rooms for the education of students; and the 
building is used for a variety of meetings, scientific, 
educational, musical, and religious. ‘The inconvenience 
arising from inadequate provision for postal service is, 
after many years of hesitation, to be remedied by the 
peaens now (1882) in progress, of a commodious post- 
office. 

Means of Commanication.—The opening of the 
Manchester and Liverpool Railway in 1830 marked an 
important epoch in the history of modern industry, and 
since that time Manchester has gradually been con- 
nected by rail with every part of the kingdom. ‘The 
enormous traffic by this means has not, however, entire- 
ly superseded the use of the canals, which formerly 
played so important a part in the cotton industry. The 
construction of the Bridgewater Canal in 1761 was an 
event second in importance only to that of the intro- 
duction of the railway system. There are three large 
railway stations, Victoria, London Road, and the Cen- 
tral, and several minor ones. The excellence of the 
omnibus system of the city was perhaps one principal 
cause for the somewhat tardy adoption of tramways ; 
but these have now rapidly developed, and ensure fa- 
cilities for transit between the different parts of the 
city and also for communication with the neighboring 
towns and villages. The establishment of a ship canal 
to connect Manchester with the sea has been frequent- 
ly suggested at intervals for the last sixty years, and a 
scheme of tidal navigation elaborated by Mr. Hamilton 
Fulton is now (1882) being actively discussed. 

Water Supply.—This is under the control of the 
corporation, which supplies not only the citizens but 
the surrounding populations. The gathering-ground 
is a series of reservoirs in the valley of Longdendale, 
chiefly along the course of the river Etherow. Wood- 
head, the chief reservoir, 20 miles from Manchester, ig 


MANCHESTER. 


777 feet above sea-level, is 72 feet deep, covers an area | 


| 


of 155 acres, and has a capacity of 1,235,000,000 gal- 
lons. The present system of water-works, including 
the portions now being constructed at Audenshaw and 
Denton, have an area of reservoirs of 8544 acres, and a 
capacity of holding 5,914,000,000 gallons. The aver- 
age daily supply of water was in 1855 8,078,152 gallons; 
in 1881 it was 18,929,704 gallons. In 1877 the water 
committee announced that in view of the increased de- 
mand it would be necessary to obtain additional or fresh 
sources of supply. The proposal to utilize Thirlmere 
in Cumberland for this purpose was vehemently op- 
posed, but the scheme was eventually sanctioned by 
parliament, and the works have been begun, but have 
not as yet made rapid progress. Thirlmere is 533 feet 
above the sea, and it is proposed to raise it by an em- 
bankment to 584 feet above the sea. From this height 
it is estimated that a maximum quantity of 50,000,000 
gallons might be withdrawn daily. 

Lighting.—The corporation not only manufactures 
gas for the lighting of the city, but sells it to out-dis- 
tricts. The area of distribution amounts to 42 square 
miles, and the street mains for the gas supply are 597 
miles long. The entire assets of the gas-works were 
valued in September, 1881, at £1,386,942. The average 
quantity of gas transmitted daily was 2,425,630,000 
cubie feet. The revenue from the sale of by-products 
is about £90,000. Salford, which is supplied with 
water by Manchester, has its own gas-works, the 
property of the ratepayers, and managed by a com- 
mittee of the town council. 

Administration of Justice.—The city has a stipen- 
diary magistrate who, in conjunction with lay magis- 
trates, tries cases of summary jurisdiction in the police 
courts; these are held in a building erected for the 
purpose, and having some architectural pretensions. 
There are also quarter sessions, presided over by a 
recorder, Separate sessions are held for the Salford 
hundred. Salford has also a police court with a sti- 

endiary magistrate. Certain sittings of the Court of 
Jhancery for the duchy of Lancaster are held in Man- 
chester. In addition to the county court, there is an 
ancient civil court known as the Salford Hundred 
Court of Record. Assizes have been held since 1866. 

Churches.—Vhe chief ecclesiastical building in Man- 
chester is the cathedral, which, however, hardly cor- 
responds to the ideas usually associated with that 
word, It was indeed built simply as a parish church, 
and, although a fine specimen of Perpendicular Gothic, 
is by no means what might be expected as the cathe- 
dra] of an important and wealthy diocese. Though there 
are remains of older work, the bulk of the building be- 
longs to the early part of the 15th century. The first 
warden was John frrantieean: rector of Ashton, who 
built the choir. The building, which was noticed for 
its hard stone by Leland when he visited the town, did 
not stand time and weather well, and by 1845 some 
portions of it were rapidly decaying. 

‘restoration by Holden, which was not finished until 
1868, when the tower was almost completely renovated 
in a more durable stone than that formerly used. The 
total length is 220 feet and the breadth 112 feet; the 
only parish church exceeding it in this last dimension 
is said to he that of Coventry. There are several 
stained-glass windows. In the Ely chapel is the altar 
tomb of Bishop Stanley, the father of the gallant Sir 
John Stanley, who fought at Flodden Field. In the 
stalls there are some curious miserere carvings. ‘The 
tower is 139 feet high, and contains a peal of ten bells, 
chiefly from the foundry of the Rudhalls. There are 
two organs, one by Father Smith, and a new one 
erected at a cost of more than £7000, and inclosed in 
an oak case designed by the late Sir G. Scott. The 
church endowments are considerable, and have been 
the subject of a special act of parliament, known as the 
Manchester Rectory Division Act of 1845, which pro- 
vides £1500 per annum for the dean, and £600 to each 
of the four canons, and divides the residue among the 


This led to its | 
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incumbents of the new churches formed out of the old 
parish. There are about one hundred places of wor- 


‘ship in Manchester belonging to the Church of Eng- 


land, but they are not especially remarkable. Of the 
Roman Catholic churches, the most important are the 
cathedral church of St. John in Salford, of the earliest 
‘Decorative character, with a spire 240 feet in height, 
and the church of the Holy A aiiter which belongs to 
the Jesuits, and is remarkable for its costly decoration. 
Salford is the seat of a Roman Catholic bishopric, as 
Manchester is the seat of an Anglican one. Most of 
the Noneonformist bodies have churches in the city and 
its environs. The meeting-house of the Society of 
Friends is said to be the largest of the kind in the 
kingdom, and will seat twelve hundred persons. 

Literature and Science.—Manchester possesses nu- 
merous associations for the cultivation of literature and 
science. The oldest of these, the Literary and Philo- 
sophical Society, founded in 1781, has a high reputa- 
tion, and has numbered among its working members 
John Dalton, Eaton Hodgkinson, William Fairbairn, 
J. P. Joule, H. E. Roscoe, and many other famous 
men of science. It has published a lengthy series of 
memoirs and proceedings. ‘lhe Manchester Literary 
Club was founded in 1862, and publishes an annual 
volume of papers. The Manchester Statistical Society 
was the first society of the kind established in the 
kingdom, and has issued 7-ansactions containing many 
important papers. The Scientific Students’ Associa- 
tion, the Field Naturalists’ and Archzeologists’ Society, 
the Microscopical Society, the Botanists’ Association, 
the Geological Society, and the Science Association 
may also be named. Several printing clubs, the Chet- 
ham, Record, Holbein, and English Dialect societies, 
have their headquarters here. Nine daily papers are 
published, and the journalism of Manchester takes 
high rank. The periodicals issued are between fifty 
and sixty in number. 

University and Schools.—There are many educa- 
tional facilities in Manchester and Salford. The oldest 
school is the Manchester grammar school, which was 
founded in 1519 by Hugh Oldham, bishop of Exeter, 
who was a native of Crumpsall, one of the outskirts of 
the town. The foundation was done “‘ out of the good 
mind he bore to the county of Lancashire, perceiving 
that the children thereof, having pregnant wits, were 
for the most part brought up rudely and idly; that 
knowledge might be advanced, and that the children 
might be better taught to love, honor, and dread God 
and His laws.’? The master and usher appointed by 
the good bishop were to teach freely every child and 
scholar coming to the school, ‘‘ without any money or 
reward taken.’ Some mills were devised for the 
maintenance of the school, which was further endowed 
at both the universities by Sarah, duchess of Somerset, 
in 1692. The school has been reconstituted on a new 
basis within recent years, and has now two hundred 
and fifty free scholars, whilst other pupils are received 
on payment of low fees. Mr. K. R. Langworthy be- 


'queathed to it £10,000 as an endowment for scholar- 
ships. 
‘may be mentioned Thomas De Quincey and the late 


Among those educated at the grammar school 


Mr. Harrison Ainsworth. 

The Owens College was founded in 1846 by John 
Owens, who left nearly £100,000 to trustees for an in- 
stitution in which should be taught ‘‘such branches 
of learning and science as were then and might be here- 
after usually taught in English universities.’’ The col- 
lege was opened in 1851, in a house which had for- 
merly been the residence of Cobden, but in 1872 it was 
removed to its present home, a handsome Gothic 
building designed by Waterhouse. An appeal made 
to the public in 1867 in behalf of the college was 
heartily responded to, and its capital funds now amount 
to over £400,000. The building is carefully adapted 
to its purposes; and the chemical laboratory, a separate 
structure at the rear, is of the completest description. 
The first bishop of Manchester, Dr. J. Prince Lee, who 
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had an interesting library of some 6000 volumes, be- 
queathed it to the college, which has also received gifts 
of books and money from various other quarters, and 
thus has now the nucleus of an important collection. 
The Royal School of Medicine, which was founded in 
1824, and had acquired the reputation of being one of 
the most successful of the provincial schools, has been. 
amalgamated with the college. The Medical Society 
has, by an arrangement with the college authorities, de- 
posited its valuable library of 22,000 volumes in the 
college rooms. The Manchester museum is now the 
property of the college, and contains the bulk of the 
specimens gathered by the Geological Society and by 
the now extinct Natural History Society. A suitable 
building for the accommodation of the museum has 
long been a decided want, and is now (1882) about to 
be undertaken. The growing importance of the Owens 
College led to the project for a university charter. The 
proposal was not received without some opposition, 
but as the result of lengthy discussions and adjustments 
a scheme was evolved for a university to consist of 
affliated colleges, situated in different towns, but hay- 
ing its centre in Manchester; and the charter of the 
Victoria University was granted in 1880, with full 
powers to grant degrees except in medicine—an excep- 
tion which is to beremoved. Among the other educa- 
tional institutions of the district are the Lancashire 
Independent college, the Primitive Methodist college, 
the Baptist institute, the St. Bede’s college (Roman 
Catholic), the college for women, the Salford college 
for working men; the school of art, and many minor 
institutions. The elementary education is controlled 
by an elected school board. Salford has also a school 
board. Very nearly the oldest educational institution 
in the town is the Chetham hospital, a bluecoat school 
educating one hundred boys; and almost the latest 
addition to these institutions is a similar institution 
founded by the late Alderman Nicholls. The schools 
for the deaf and dumb are situated at Old Trafford, in 
a contiguous building of the same Gothie design as 
the blind asylum, to which Mr. Thomas Henshaw left 
a bequest of £20,000. There is also an adult deaf and 
dumb institution, containing a news-room, lecture-hall, 
chapel, ete., for the use of deaf mutes. 

Libraries and Museiums.—Manchester is well pro- 
vided with libraries. The Chetham library is some- 
times spoken of as the oldest free library in Europe, 
and certainly its doors have been open without let or 
hindrance for more than two centuries, and the build- 
ing which it occupies is almost the only relic now left 
of ancient Manchester. What had once been the 
barons’ hall, and afterwards the residence of the 
clergy, was purchased by the trustees of Humphrey 
Chetham, and by them applied to the purposes of a 
bluecoat school and library, provision for the founda- 
tion and maintenance of which he had made by will. 
The library, with its quiet and almost monastic corri- 
dors, forms a striking contrast to the busy streets with- 
out. The contents now amount to about 40,000 
volumes, and include many rare manuscripts and 
curious books, the gem of the collection undoubtedly 
being a copy of the historical compilation of Matthew 
Paris, with corrections in the author’s handwriting. 
There is a large collection of matter relating to the 
history and archeeology of Lancashire and Cheshire. 
A recent addition to its riches in this department 
is the extensive series of Lancashire manuscripts be- 
queathed by the late Canon Raines. The collection of 
broadsides formed by Mr. J. O. Halliwell-Phillips, and | 
the library of John Byrom, rich in mystics and short- 
hand writers, should also be named. In addition to 
the library, Chetham left provision for the education 
of a number of poor boys, and the increase in the 
value of the endowments has raised the number to one 
hundred, who receive a good English education and 


are afterwards put to some useful trade or calling. An 
additional school has recently been erected from designs ' 
by Waterhouse, who has been successful in making the | 
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new building harmonize with the quaint and sober 
architecture of the hospital and library. The Man- 
chester Free Libraries were founded by Sir John Pot- 
ter, who was instrumental in promoting a public 
subscription from which a building was bought and 
stocked with books, and then handed over to the town, 
by whose municipal authorities the libraries have since 
been not only maintained but materially increased. 
There is now a reference library containing about 
70,000 volumes, including an extensive series of Eng- 
lish historical works and a remarkable collection of - 
books of political economy and trade. The chief object 
has been to make a good working collection for the 
student and man of letters. But, although the col-. 
lection of objects dear to the bibliomaniac has not been 
considered of first importance, the library now includes 
some literary curiosities of the first rank, among them 
specimens of the press of Caxton and Wynkyn de 
Worde. Affiliated to the central consulting library 
there are six lending libraries, the Hulme _ library 
having 17,000 volumes, Ancoats 15,000, Rochdale 
Road 15,000, Chorlton and Ardwick 17,000, Cheetham 
12,000, and Deansgate 18,000. Hach lending library 
has attached to it acommodious reading-room. There 
are also libraries in connection with the Athenzeum, 
the mechanics’ institution, the Portico, the Owens 
College, and other institutions. The sister borough, 
of Salford has also adopted the free library system, and 
possesses at Peel Park a large reference and lending 
library, whilst additional lending libraries and news- 
rooms have been opened at Pendleton, Greengate, and 
Regent Road. 


Recreation.—The city has always been noted for its love 
of theatrical amusements, and the German element in its 
population has in the last fifty years largely influenced the 
taste for music by which it is now distinguished. The 
theatre royal is a patent theatre, and was opened in 1845, 
its predecessor having been burned in the previous year. 
It ranks in size with the large metropolitan theatres, and 
has connected with it memories of nearly all the great 
actors of the present and past generation. The Prince’s 
theatre was opened in 1864, and is an elegant and beauti- 
fully finished structure. The Queen’s theatre is a substan- 
tial building with but small architectural pretensions. A 
theatre has recently been opened in Salford. The concert- 
hall will hold twelve hundred people. There are many 
musical societies; and amongst other places of amusement 
may be mentioned the Belle Vue Zoological Gardens, the 
Pomona Palace, and numerous music-halls, ete. 

Population—According to the census of 1881, the munici- 
pal borough of Manchester contains a population of 
341,414 (163,475 males, 177,939 females), while the parlia- 
mentary borough has 393,585 (189,005 males, 204,580 
females). Salford, on the same authority, has 176,235 
(84,610 males, 91,625 females). These figures, however, 
hardly convey the actual facts of the case. Manchester and 
Salford are as closely joined as London and Southwark, and 
are surrounded by populous districts quite as much united 
as the component parts of what the registrar-general styles 
“Greater London.” There has been a seeming decrease in 
the population of the city, which in 1871 was stated to con- 
tain 355,655 persons; but this appearance is fallacious, for, 
while the progress of city improvements has reduced the 
number Of inhabited houses in the centre, there has been a 
large influx into Salford, which has increased by 51,432 
persons during the last ten years. The two boroughs, with 
the urban sanitary districts immediately contiguous, have a 
population of about 800,000 persons. In the Middle Ages 
there were in Manchester and Salford probably not more 
than two or three hundred burgesses and their dependants. 
In 1588 the population was estimated at 10,000, but the 
parish is here meant. In 1757 the two towns contained 
19,839 persons, who by 1773 had increased to 27,246, and by 
1783 to over 39,000. Atthe first census in 1801 Manchester 
had 75,275, and Salford 14,477. The last four census state- 
ments are :— 


Manchester. Salford, 
DSB Lafescgencled nee ealsvaas sven e aO SIND 63,850 
1861... 388,722 102,449 
1871... ..891,189 124,801 
TSB AbD c Aina Caen t: SO Onna 176,235 


The increase in ratable value has been equally remark- 
able. In 1815 Manchester was rated at £357,778; in 1882 
the estimate was £2,761,469. The corresponding yalues for 
Salford were £54,130 and £801,192. 
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Sanitary Condition—Manchester, like other towns, grew 
more rapidly than the provision for its wise government; 
but determined efforts have been made in the direction of 
sanitary improvement. The death rate in 1840 was 34.3; 
in 1850, 29.6; in 1860, 28.0; in 1861, 30.4; in 1862, 30.3; in 
1869, 28.9; in 1870, 26.52; in 1871, 29.8; in 1877, 25.4; in 
1880, 24.7: and for nine months of 1881 it was 23.3. What- 
ever may be the causes of these fluctuations, it is clear that 
there is still ample room for further improvement. The 
air laden with the products of the combustion of coal, and 
the unspeakably filthy rivers, are urgently in need of en- 
ergetic remedial action. 

Manufactures and Commerce.—As has already been stated, 
Manchester is the centre of the English cotton industry ; 
but in the town itself of late years the tendency has been 
more and more in the direction of commerce. Owing tothe 
enhanced value of land, many mills and workshops have 
been removed to the outskirts and to neighboring villages 
and towns, so that the centre of Manchester and an ever- 
widening circle around is now chiefly devoted not so much 
to production as to the various offices of distribution. 
Large and handsome warehouses and shops abound, and 
there is every evidence of quick and opulent life. It 
would be a mistake, however, to regard Manchester as solely 
dependent upon the industries connected with cotton. 
There are other important manufactures which in another 
community would be described as gigantic. Wool and silk 
are manufactured on a considerable scale, though the latter 
industry has for some years been on the decline. The mis- 
eellaneous and multifarious articles grouped under the 
designation of small-wares occupy many hands. Machinery 
and tools, using the term with its most comprehensive 
meaning so as to include alike philosophical instruments 
and steam-engines, are made in vast quantities. The 
chemical industries of the city are also on a large scale. 
In short, there are but few important manufactures that are 
wholly unrepresented. The proximity of Manchester to 
the rich coal-fields of Lancashire has had a marked influence 
upon its prosperity ; but for this, indeed, the rapid expan- 
sion of its industries would have been impossible. 

It would probably be difficult to find a community in any 
part of the world with which Manchester has no commercial 
relations. The enterprise of its merchants has kept pace 
with the energy of its manufacturers, and the products of 
its looms are to be found in every land, though doubtless 
the supremacy which its cotton goods have held in the 
markets of the world tends to become more and more 
abated by the gradually increasing foreign competition. 

From figures laid before the Manchester Statistical So- 
ciety, the money extent of trading operations at this centre 
has been calculated at about £207,000,000 in 1872, and 
£318,000,000 in 1881. These figures, though to be taken 
with certain reservations, indicate approximately the ex- 
tent of the activity of the city. 

The commercial institutions of Manchester are too nu- 
merous for detailed description. Its chamber of commerce 
has for more than sixty years held a position of much 
influence in regard to the trade of the district and of the 
nation. ‘There are eleven joint-stock banks, seven of which 
have their head offices in the town; these banks, besides 
numerous branches in the surrounding district, have sixteen 
branches in the town; and there areseveral private bankers. 

Municipality.—The affairs of the town are regulated by a 
council consisting of sixty-four representatives of the fifteen 
wards into which the city is divided. The body corporate 
of sixteen aldermen and forty-eight councillors, who are 


presided over by the mayor, has shown much enterprise 


and public spirit in the energy with which it has prosecuted 
public improvements, and in the business ability with 
which it has managed the vast undertakings connected 
with the lighting and water supply of the town. The town 
council of Salford consists also of sixteen aldermen and 
forty-eight councillors, and there are fourteen wards. 
History.—Very little is known with certainty of the early 
history of Manchester. It has, indeed, been conjectured, 
and with some probability, that at Castlefield there was a 
British fortress, which was afterwards taken possession of 
by the soldiers of Agricola. It is at all events certain that 
a Roman station of some importance existed in this locality, 
and a fragment of the wall still exists. In the last century 
considerable evidences of Roman occupation were still 
visible ; and from time to time, in the course of excavation 


‘(especially during the making of the Bridgewater Canal), 


Roman remains have been found. The coins were chiefly 
those of Vespasian, Antoninus Pius, Trajan, Hadrian, 
Nero, Domitian, Vitellius, and Constantine. The period 
succeeding the Roman occupation is for some time 
legendary. As late as the 17th century there was a floating 
tradition that Tarquin, an enemy of King Arthur, kept the 
eastle of Manchester, and was killed by Launcelot of the 
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Lake. The mention of the town in authentic annals is 
very scanty. It was probably one of the scenes of the 
missionary preaching of Paulinus; and it is said (though 
by a chronicler of comparatively late date) to have been 
the residence of Ina, king of Wessex, and his queen Ethel- 
berga, after he had defeated Ivor, somewhere about the 
year 689. Nearly the only point of certainty in its history 
before the Conquest is that it suffered greatly from the devas- 
tations of the Danes, and that in 923 Edward, who was then 
at Thelwall, near Warrington, sent a number of his Mer- 
cian troops to repair and garrison it. In Domesday Book 
Manchester, Salford, Rochdale, and Radcliffe are the only 
places named in Southeast Lancashire, a district now 
covered by populous towns. Large portions of it were then 
forest, wood, and waste lands. Twenty-one thanes held 
the manor of Salford among them. The chureh of St. 
Mary and the church of St. Michael in Manchester are 
both named in Domesday, and some difficulty has arisen as 
to their proper identification. Most antiquaries haye con- 
sidered that the passage refers to the town only, whilst 
others think it relates to the parish, and that, while St. 
Mary’s is the present cathedral, St. Michael’s would be the 
present parish church of Ashton-under-Lyne. Manchester 
and Salford are so closely allied that it is impossible to dis- 
associate their history. Salford received a charter from 
Ranulph de Blundeville, in the reign of Henry IIL, consti- 
tuting it a free borough, and Manchester in 1301 received 
a similar warrant of municipal liberties and privileges, 
from its baron, Thomas Gresley, a descendant of one to 
whom the manor had been given by Roger of Poictou, who 
was created by William the Conqueror lord of all the land 
between the rivers Mersey and Ribble. The Gresleys were 
succeeded by the De la Warres, the last of whom was edu- 
eated for the priesthood, and became rector of the town. 
To avoid the evil of a non-resident clergy, he made con- 
siderable additions to the lands of the church, in order that 
it might be endowed as a collegiate institution. A sacred 
guild was thus formed, whose members were bound to per- 
form the necessary services at the parish church, and to 
whom the old baronial hall was granted as a place of resi- 
dence. The manorial rights passed to Sir Reginald West, 
the son of Joan Greslet, and he was summoned to parlia- 
ment as Baron de la Warre. The West family, in 1579, sold 
the manorial rights for £3000 to John Lacy, who, in 1596, 
resold them to Sir Nicholas Mosley, whose descendants en- 
joyed the emoluments and profits to be derived from them 
until the middle of the present century (1845), when they 
were purchased by the present town council of Manchester 
for a sum of £200,000. The lord of the manor had the right 
to tax and toll all articles brought for sale into the market 
of the town. But, though the inhabitants were thus to a 
large extent taxed for the benefit of one individual, they 
had a far greater amount of local self-government than 
might have been supposed, and the court leet, which was 
then the governing body of the town, had, though doubt- 
less in a somewhat rudimentary form, nearly all the powers 
and functions now possessed by municipal corporations. 
This court had not only control over the watching and 
watering of the town, the regulation of the water supply, 
and the cleaning of the streets, but also had power, which 
at times was used freely, of interfering with what would 
now be considered the private liberty of their fellow-citi- 
zens. Some of the regulations adopted, and presumably 
enforced, sound grotesquely at the present day, Thus, no 
single woman was allowed to be a householder ; no person 
might employ other than the town musicians; and the 
amount to be spent at wedding-feasts and other festivities 
was carefully settled. Under the protection of the barons 
the town appears to have steadily increased in prosperity, 
and it early became an important seat of the textile manu- 
factures. Fulling mills were at work in the district in the 
13th century ; and documentary evidence exists to show 
that woollen manufactures were carried on in Ancoats at 
that period. In 1641 we hear of the Manchester people 
purchasing linen yarn from the Irish, weaving it, and re- 
turning it for sale in a finished state. They also brought 
cotton wool from Smyrna to work into fustians and dimi- 
ties. An Act passed in the reign of Edward VI. regulates 
the length of cottons called Manchester, Lancashire, and 
Cheshire cottons. These, notwithstanding their name, 
were probably all woollen textures. Itis thought that some 
of the Flemish weavers who were introduced into England 
by Queen Philippa of Hainault were settled at Manchester ; 
and Fuller has given an exceedingly quaint and picturesque 
description of the manner in which these artisans were 
welcomed by the inhabitants of the country they were 
about to enrich with a new industry, one which in after 
centuries has become the most important industry of the 
country. The Flemish weavers were in all probability 
reinforced by religious refugees from the Low Countries. 
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Leland, writing in 1638, describes Manchester as the 
“fairest, best builded, quickest, and most populous town of 
Lancashire.” The right of sanctuary had been granted to 
the town, but this was found so detrimental to its industrial 
pursuits that after very brief experience the privilege was 
taken away. The college of Manchester was dissolved 
in 1547, but was refounded in Mary’s reign. Under her 
successor the town became the headquarters of the commis- 
sion for establishing the Reformed religion. 

In the civil wars, the town was besieged by the Royalists 
under Lord Strange, but was successfully defended by the 
inhabitants under the command of a German soldier of 
fortune, Colonel Rosworm, who complained with some bit- 
terness of their ingratitude to him. An earlier affray be- 
tween the Puritans and some of Lord Strange’s followers is 
said to have oceasioned the shedding of the first blood 
in the disastrous struggle between the king and parliament, 
The year 1689 witnessed that strange episode, the trial of 
those concerned in the: so-called Lancashire plot, which 
ended in the triumphant acquittal of the supposed Jacobites. 
That the district really contained many ardent sympathiz- 
ers with the Stuarts was, however, shown in the rising of 
1715, when the clergy ranged themselves to a large extent 
on the side of the Pretender, and was still more clearly 
shown in the rebellion of 1745, when the town was taken 
possession of by Prince Charles Edward Stuart, and a regi- 
ment, known afterwards as the Manchester regiment, was 
formed and placed under the command of Colonel Francis 
Townley. In the fatal retreat of the Stuart troops the 
Manchester contingent was left to garrison Carlisle, and 
surrendered to the Duke of Cumberland. The officers 
were taken to London, where they were tried for high trea- 
son and beheaded on Kennington Common, 

The variations of political action in Manchester had been 
exceedingly marked. In the 16th century, although it 
produced both Catholic and Protestant martyrs, it was 
earnestly in favor of the Reformed faith, and in the suc- 
ceeding century it became indeed a stronghold of Puritanism. 
Yet the descendants of the Roundheads who defeated the 
army of Charles [. were Jacobite in their sympathies, and 
by the latter half of the 18th century had become imbued 
with the aggressive form of patriotic sentiment known as 
anti-Jacobinism, which showed itself chiefly in dislike of 
reform and reformers of every description. A change was, 
however, imminent. The distress caused by war and taxa- 
tion, towards the end of the last and the beginning of the 
present century, led ‘to bitter discontent, and the anomalies 
existing in the parliamentary system of representation 
atforded only too fair an object of attack. While single 
individuals in some portions of the country had the power 
to return members of parliament for their pocket boroughs, 
great towns like Manchester were entirely without repre- 
sentation. The injudicious conductof the authorities, also, 
led to an increase in the bitterness with which the working 
classes regarded the condition of society in which they found 
themselves compelled to toil with very little profit to them- 
selves. Their expressions of discontent, instead of being 
wisely regarded as symptoms of disease in the body politic, 
were looked upon as crimes, and the severest efforts 
were made to repress all expression of dissatisfaction. This 
foolish policy of the authorities reached its culmina- 
tion in the affair of Peterloo, which may be regarded 
as the starting-point of the modern reform agitation. 
This was in 1819, when an immense crowd assembled 
on St. Peter’s Fields (now covered by the Free Trade 
hall and warehouses) to petition parliament for a re- 
dress of their grievances. The authorities had the Riot 
Act read, but in such a manneras to be quite unheard by the 
mass of the people; and drunken yeomanry cavalry were 
then turned loose among the unresisting mass of spectators. 
The yeomanry appear to have used their sabres somewhat 
freely ; several people were killed and many more injured; 
and, although the magistrates received the thanks of the 
prince regent and the ministry, their conduct excited the 
deepest indignation throughout the entire country. Nat- 
urally enough, the Manchester politicians took an impor- 
tant part in the reform agitation, and when the Act of 
1832 was passed, the town sent as its representatives the 
Right Hon. C. P. Thomson, vice-president of the Board of 
Trade, and Mr. Mark Philips. With one notable exception, 
this was the first time that Manchester had been represent- 
ed in parliament since its barons had seats in the House 
of Peers in the earlier centuries. In 1654 Mr. Charles 
Worsley and Mr. R. Radcliffe were nominated to represent 
it in Cromwell’s parliament. Worsley was a man of great 
ability, and must ever have a conspicuous place in history 
as the man who ¢arried out the injunction of the Protector 
to “remove that bauble,” the mace of the House of Com- 
mons. The agitation for the repeal of the corn laws had 
its headquarters at Manchester, and the success which at- 
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tended it, not less than the active interest taken by its 
inhabitants in public questions, has made the city the home 
of various projects of reform. The “ United Kingdom 
Alliance for the suppression of the liquor traftie ” was found- 
ed there in 1853, and during the continuance of the Ameri- 
can War theadherents both of the North and of the South 
deemed it desirable to have organizations to influence pub- 
lic opinion in favor of their respective causes. A charter 
of incorporation was granted in 1838 ; a bishop was appoint- 
ed in 1847; and the town became a city in 1853, The Lan- 
cashire cotton famine, caused by the civil war in America, 
produced much distress in the Manchester district, and led 
to a national movement to help the starving operatives. 
The relief operations then organized are amongst the most 
remarkable efforts of modern philanthropy. 


Although several excellent books have been written on subjects . 
connected with the town, there is no adequate modern history. 
The History of Manchester, by the Rey. John Whitaker, appeared 
in 1771; it is a mere fragment, and though containing much im- 
portant matter, requires to be very discreetly used. The following 
may be recommended :—Reilly, History of Manchester (1861); Proc- 
ter, Manchester in Holiday Dress (1866), Memorials Manchester 
Strects (1874), Memorials of Byegone Manchester, 1880; Buxton, Bo- 
tanical Guide to Manchester, etc., 2d ed., 1859; Axon, Handbuok of 
the Public Libraries of Manchester and Salford, 1877; Grindon, Man- 
chester Flora, 1859; Baines, History of Lancashire, 2d ed., 1868-70. 

(W. E. A. A.) 


MANCHESTER, a town of the United States, in 
Hartford County, Connecticut, with a station on the 
New York and New England Railroad, 8 miles east ~ 
of Hartford. Its spinning and weaving mills turn out 
annually 2,000,000 yards of gingham and 90,000 pairs 
of stockings; and its paper mills (upwards of a ne 
in number) produce not only vast quantities of book 
paper but Government and bank-note paper for sey- 
eral nations. At South Manchester, 23 miles distant, 
and reached by a branch line, are the silk factories of 
Messrs. Cheney, which cover about 8 acres, and give 
employment to one thousand operatives. The factory 
village has been laid out by a landscape gardener; 
and connected with it are a public hall, a library and 
reading-room, and a free school. The population of 
the town has increased from 4223 in 1870 to 6462 in 
1880. 

MANCHESTER, a city of the United States, one 
of the shire towns of Hillsborough county, New Hamp- 
shire, is situated mainly on the left bank of the Mer- 
rimac, in a broad plain about 90 feet above the level 
of the river, in 42° 35’ N. lat. and 71° 317 W. long., 
16 miles from Concord and 46 northwest of Boston. 
It is aterminus of several railroads, as well as a prin- 
cipal station on the Boston, Lowell, and Concord line. 
The general plan is regular and spacious; there are 
several large and ornamental squares, and the main 
thoroughfare, Elm street, is 100 feet wide, more than 
a mile long, and bordered by the trees from which it 
takes its name. ‘T'owards the river the frontage con- 
sists of great brick-built factories and substantial tene- 
ments for the accommodation of the operatives. 
city-hall (rebuilt after the fire in 1349), the county 
court-house, the State reform school (for one-hundred 
and fifty pupils), two opera-houses, and a Roman Cath- 
olic convent (St. Ann’s) and orphan asylum are among 
the buildings of note. The city library (24,000 vol- 
umes), founded by private enterprise in 1844 as the 
Manchester Athenzeum, became public property in 
1854. Water from Lake Massabesic (4 miles distant 
and 2300 acres in extent) was introduced into the town 
in 1874, at a cost of nearly $1,000,000, and is stored in 
a reservoir capable of containing 16,000,000 gallons. 
It is almost exclusively to the water-power furnished 
by the Blodgett Canal (built in 1816 round the Amos- 
keag Falls, which havea descent of 47 feet) that Man- 
chester owes its prosperity as a manufacturing centre. 
The Amoskeag Company (dating from.1831), the Stark 
mills (1838), the Manchester mills (1839), the Lang- 
don mills (1857), and the Amory mills (1880) are the 
leading establishments ; they possess an aggregate capi- 
tal of $7,650,000, work 12,000 looms and 409,000 spin- 
dles, and make 143 miles of web daily. Locomotive 
engines (produced at the rate of fourteen per month), 
steam fire-engines, edge tools, circular saws, files, sew- 
ing machines, carriages, leather, boots and shoes, paper, 
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and ale all likewise form important items in the local 
industry. Manchester is governed by a mayor, aboard 
of aldermen (one member for each of the eight wards), 
and a common council (three members for each ward), 
The assessed value of property in 1881 was$19, 175,408 ; 
and the city debt $965,550. The population, which 
was 13,932 in 1850, stands in the succeeding decades at 
20,107, 23,536,and 32,630,and is stated in 1882 at 36,500, 
Originally settled in the close of the 17th century by 
Scotch Presbyterians and Massachusetts Puritans, Derry- 
* field, as it was then called, though incorporated in 1751, 
continued for upwards of seventy years to be a place of less 
than one hundred inhabitants, with neither minister nor 
lawyer, and so dependent on the river fisheries that the eels 
were known as the ‘‘Derryfield Beef.’ The name Man- 
chester was legally recognized in 1810, and a city charter 
was granted in 1846. Thecity has recently been described 
as paying nearly one-ninth of the State tax and producing 
one-eighth of the manufactured goods made in the State, 
as embracing one-tenth of the population of the State, 
as the fourth city of the Union in the value of its cotton 
and woollen manufactures, and the third city in New Eng- 
land in increase during the last decade. 


MANCHURIA is the name by which the territory 
in the east of Asia occupied by the Manchus is known 
in Europe. By the Chinese it is called the country 
of the Manchows, or, as it is pronounced by the na- 
tives, of the Manchus, an Sort meaning ‘‘ Pure,”’ 
chosen by the founder of the dynasty which now rules 
over Manchuria and China as an appropriate designa- 
tion for his family. Manchuria as it has existed for 
upwards of two centuries, that is to say since it has had 
an historical existence, is a tract of country lying in a 
northeasterly and southwesterly direction between 38° 
40’ and 49° N. lat. and 120° and 133° HE. long., and is 
wedged in between China and Mongolia on the west 
and northwest, and Corea and the Russian territory on 
the Amur on the east and north. Speaking more 
definitely, it is bounded on the N. by the Amur, on 
the E. by the Usuri, on the 8. by the Gulf of Leaou- 
tung, the Yellow Sea, and Corea, and on the W. by 
the river Nonni and a line of palisades which stretch 
from Kwan-chung-tsze tothe great wall of China. The 
territory thus defined is about 800 miles in length and 
500 miles in width, and contains about 390,000 square 
miles. It is divided into three provinces, viz., 'I'si-tsi- 
har or Northern Manchuria, Kirin or Central Man- 
churia, and Leaou-tung or Southern Manchuria. 
Physically the country is divided into two regions, the 
one a series of mountain ranges occupying the northern 
and eastern portions of the kingdom, and the other a 
plain which stretches southwards from Moukden, the 
capital, to the Gulf of Leaou-tung. Speaking gener- 
ally, the mountains run in a direction parallel with the 
lie of the country, and are interspersed with numerous 
and fertile valleys, more especially on the southern and 
eastern slopes, where the summer sun brings to rich 
perfection the fruits of the soil fertilized by the showers 
of the south monsoon. 

The principal range of mountains is the Shan-a-lin, 
the Chinese Chang pih Shan, ‘the long white moun- 
tains,’’ which runs in a northeasterly direction from 
the shores of the Gulf of Leaou-tung to the mouth of 
the Amur river. In its course through Northern 
Manchuria it forms the watershed of the Sungari, 
Hurka, and Usuri rivers, and in the south that of the 
Ya-lu, Ta-yang, and many smaller streanis. — It also 
forms the eastern boundary of the great plain of 
Leaou-tung. he mountains of this range reach their 
greatest height on the southeast of Kirin, where their 
snow-capped peaks rise to the elevation of from 10,000 
to 12,000 feet. The scenery among them is justly cele- 

brated for the grandeur of its beauty, more especially 
in the neighborhood of Hai-ching, Siu-yen, and the 
Corean Gate. Another range forms a parallel line to 
the Shan-a-lin mountains on their west, and runs from 
the neighborhood of the junction of the Hurka and 
Sungari rivers. passing Kirin, to the plain on the north 
side of Moukden, 
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The three principal rivers of Manchuria are the 
Sungari, Hurka, and Usuri already mentioned. Of 
these the Sungari, which is the largest, rises on the 
northern slopes of the Shan-a-lin range, and runs in a 
northwesterly direction to its junction with the Nonni, 
from which point it turns northeast until it empties 
itself into the Amur, It is navigable by native junks 
above Kirin, to which city also the Russians have suc- 
ceeded in travelling on it by steamer. In its long 
course it varies greatly both in depth and width, in 
some parts being only a few feet deep and spreading 
out to a width of more than a mile, while in other and 
mountainous portions of its course its channel is nar- 
rowed to 300 or 400 feet, and its dépth is increased in 
inverse ratio. The Usuri rises in about 44° N. lat. and 
131° EK. long., and, after running a northeasterly course 
for nearly 500 miles, it also loses itself in the Amur. 
The Hurka takes its rise, like the Sungari, on the 
northern slopes of the Shan-a-lin range, and not far 
from the sources of that river. It takes a northeasterly 
course as far as the city of Ninguta, at which point it 
turns northward, and so continues until it joins the 
Sungari at San-sing. It is navigable by junks between 
that city and Ninguta, though the torrents in its course 
make the voyage backwards and forwards one of con- 
siderable difficulty. Next in importance to these 
rivers are the Leaou and T'a-yang, the former of which 
rises in Mongolia, and after running in an easterly di- 
rection for about 400 miles enters Manchuria in about 
43° N. lat., and turning southward empties itself into 
the Gulf of Leaou-tung. In bygone days large junks 
were able to sail up it as far as New-chwang, but owing 
to the silting up of the bed it is not now navigable for 
any but small boats beyond Ying-tsze, where the for- 
eign settlement is situated. The Ta-yang rises on the 
southern slopes of the Shan-a-lin mountains, and flows 
southward into the Yellow Sea. 

Moukden, or as it is called by the Chinese Shing- 
yang, the capital city of Manchuria, is situated in the 
province of Leaou-tung, in 41° 407 N, lat. and 130° 307 
4. long. It occupies a fine position on the river Shin, 
an affluent of the Leaon, and is a city with considera- 
ble pretensions to grandeur. The city wall presents a 
handsome appearance, and is pierced by eight gates. 
Like Peking, the town possesses a drum tower and a 
huge bell. The streets are broad and well laid out, 
and the shops are well supplied with both native and 
foreign pare The population is estimated at about 
200,000, including that of the suburbs, the richest and 
most extensive of which are onthe western and 
southern faces of the city. Leaou-yang, which was 
once the capital of the country, also stands in the prov- 
ince of Leaou-tung, but it is not now a place of much 
importance. Such trade as there is is carried on in 
the centre of the city, the remaining portions being 
open, having been turned into vegetable gardens. 
The other cities in the province are King-chow-foo on 
the west of the Gulf of Leaou-tung; Kin-chow, on the 
western extremity of the Leaou-tung peninsula; Kai- 
chow, on the northwestern shore of the same penin- 
sula; Hai-ching, on the road from Ying-tsze to 
Moukden; Ki-yuen, a populous and prosperous city 
in the north of the province; and Hing-king, on the 
northern slope of the Shan-a-lin mountains, which is 
famous rather from the fact that it was the original 
seat of the founders of the present dynasty than for 
any pretensions to present importance. The most 
important commercial place, however, is the treaty 
port of Ying-tsze, which is situated at the head of the 
Gulf of Leaou-tung. The main street, which is lined 
with shops and warehouses, is 2 miles in length, and 
the trade there carried on is very considerable. Ac- 
cording to the custom-house returns the value of the 
foreign imports and exports in the year 1880 was 
£691,954 and £1,117,790 respectively, besides a large 
native trade carried on in junks. The population of 
the whole province of Leaou-tung is estimated to be 
about 12,000,000, 


474 


The province of Kirin, or Central Manchuria, is | 
bounded on the N. and N.W. by the Sungari, on the 
S. by Leaou-tung and Corea, on the W. by the line of | 
palisades already spoken of, and on the EK. by the 
eur and the maritime Russian provinces. It con- 
tains an area of about 135,000 square miles, and is en- 
tively mountainous with the exception of a stretch of 
plain country in its northwestern corner. ‘This plain 
produces large quantities of indigo and opium, and is 
physically remarkable for the number of isolated coni- 
cal hills which dot its surface. These sometimes occur 
in a direct line at intervals of 15 or20 miles, and else- 
where are scattered about ‘‘like dish-covers on a 
table.’’ Kirin, the capital of the province, is situated 
in about 43° 40” N. lat. and 126° 50’ EK. long., and 
occupies a magnificent position, being surrounded on 
the north, west, and south by a semicireular range of 
mountains with the broad stream of the Sungari flow- | 
ing across the front. The local trade is considerable, 
and is benefited by the presence of large junk-building 
yards, which, owing to the abundance and cheapness 
of wood, have been established there, and from which 
the place has derived its Chinese name of Chuen- 
chang or “‘shipyard.’’ The town has a well-to-do 
appearance, and in summer time the houses and shops 
are gaily decorated with flowers brought from the 
sunny south. Ashehoh, on the Ashe, with its popu- 
lation of 40,000; Petuna, Sinice Sing-chung, on the 
Sungari, population 30,000; San-sing, near the june- 
tion of the Sungari and Hurka; La-lin, 120 miles to 
the north of Kirin, population 20,000; and Ninguta, 
are the other principal cities in the province. 

Tsi-tsi-har, or Northern Manchuria, which contains 
about 195,000 square miles, is bounded on the N. and 
N.E. by the Amur, on the S. by the Sungari, and on 
the W. by the Nonni and Mongolia. This province is 
thinly populated, and is cultivated only along the lines 
ofits rivers. ‘The only towns of any importance are 
T'si-tsi-har and Mergen, both situated on the Nonni. 

Four principal highways traverse Manchuria. The 
first runs from Peking to Kirin via Moukden, where 
it sends offa branch to Corea. At Kirin it bifurcates, 
one branch going to San-sing, the extreme north- 
eastern town of the provine of Kirin, and the other to 
Poissiet on the coast via Ninguta. The second road 
runs from the treaty port of Ying-tsze through Mouk- 
den to Petuna in the northwestern corner of the Kirin 
province and thence to Tsi-tsi-har, Mergen, and the 
Amur. The third also starts from Ying-tsze, and 
strikes southward to Kin-chow at the extremity of the 
Leaou-tung peninsula. And the fourth connects Ying- 
tsze with the-Gate of Corea. 


The great plain in Leaou-tung is In many parts swampy, 
and in the neighborhood of the sea, where the soil emits a 
saline exudation, such as is also common in the north of 
China, it is perfectly sterile. In other parts fine crops of 
millet and various kinds of grain are grown, and on it 
trees flourish abundantly. 

The climate over the greater part of the country varies 
between the two extremes of heat and cold, the thermo- 
meter ranging between 90° in the summer and 10° below 
zero in the winter, As in the north of China, the rivers are 
frozen up during the four winter months. After a short 
spring the heat of summer succeeds, which in its turn is 
separated by an autumn of six weeks’ duration from snow 
and ice. The trees and plants are much the same as those 
common in England, and severe as the weather is in winter 
the less elevated mountains are covered to their summits 
with trees. The wild animals also are those known in 
Europe, with the addition of tigers and panthers. Bears, 
wild boars, hares, wolves, foxes, and wild cats are very 
common, and, in the north, sables are found in great num- 
bers. One of the most noticeable of the birds is the Mon- 
golian lark (Melanocoryphya mongolica), which is found in 
a wild state both in Manchuria and in the desert of Mon- 
golia, This bird is exported in large numbers to northern 
China, where it is much prized on account of the extraor- 
dinary power it possesses of imitating the songs of other 


birds, the different tones of the barks of dogs, and the 
mews and hisses of cats, as well as all the noises peculiar to 
the neighborhood in which it lives. The Manchurian crane 
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is common, as also are eagles, cuckoos, laughing doves, ete. 
Insects, of which there are, according to the Russians, one 
thousand different species, abound, owing to the swampy 
nature of much of the country. The rivers are well 
stocked with fish, especially with salmon, which forms a 
common article of food among the people. In such im- 
mense shoals do these fish appear in some of the smaller 
streams that numbers are squeezed out on to the banks and 
there perish. This fact possibly gave rise to the legend of 
a certain Prince whose royal mother became pregnant by 
the influence of the rays of the sun, and who brought forth 
an egg from which the prince was sprung. His super- 
natural origin excited the alarm of the king’s ministers, | 
who advised that he should be put to death, but his mother, 
having warning of their intention, sent him away privately. 
This Manchurian Phaeton thereupon wandered forth, and | 
in his travels came toa river having neither bridge nor 
ferry. In his difficulty he cried for help to his father, the 
Sun, and instantly fishes rose to the surface of the water 
and formed themselves into such close array that the 
prince was able to walk to the opposite bank on their 
backs. 

In minerals Manchuria is very rich: coal, gold, iron (as 
well as magnetic iron ore), and precious stones are found 
in quantities which suggest that if better appliances were 
employed than are now in use the returns might be very 
large. 

Of the crops grown by the people indigo and opium are 
the most lucrative. The indigo plant is grown in large 
quantities in the plain country to the north of Moukden, 
and is transported thence to the coast in carts, each of 
which carries rather more than a ton weight of the dye. The 
poppy is cultivated wherever it will grow, the crop being 
far more profitable than that of any other product. Cotton, 
tobacco, pulse, millet, wheat, and barley are other crops 
grown by the Manchurian farmers. 

History.—Manchow, or more correctly Manchu, is, as has 
been said, not the name of the country but of the people 
who inhabit it. The name is a modern one, having been 
adopted by a ruler who rose to power in the beginning of 
the 18th century. Before that time the Manchus were 
more or less a shifting population, with no fixed location, 
and, being broken up into a number of tribes, they went 
mainly under the distinctive name of those clans which at 
different periods exercised lordship over them. Thus 
under the Chow dynasty (1122-225 B.c.) we find them 
spoken of as Sewshin, and at subsequent periods they were 
known as Yih-low, Wuh-keih, Moh-hoh, Pohai, Niichin, and 
according to the Chinese historians also as K’etan. 
Throughout their history they appear as a rude people, the 
tribute they brought to the Chinese court consisting of 
stone arrow-heads, hawks, gold, aud latterly ginseng. 
Assuming that, as the Chinese say, the K’etans were Man- 
chus, the first appearance of the Manchus, as a people, in 
China dates from the beginning of the 10th century, when 
K’etans having first conquered the kingdom of Pohai 
crossed the frontier into China and established the Leaou 
or Iron dynasty in the northern portion of the empire. 
These invaders were in their turn overthrown two centu- 
ries later by another invasion from Manchuria. These new 
conquerors were Ntichins, and, therefore, direct ancestors of © 
the Manchus. On assuming the imperial yellow in China, 
their chief adopted the title of Kin or Golden” for his 
dynasty. “Iron” (Leaou), he said, “rusts, but gold always 
keeps its purity and color, therefore my dynasty shall be 
called Kin.” In a little more than a century, however, the 
Kins were driven out of China by the Mongols under Jen- 
ghiz Khan. But before the close of their rule a miraculous’ 
event occurred on the Shan-a-lin mountains which is pop- 
ularly believed to have laid the seeds of the greatness of 
the present rulers of the empire. Three heayen-born 


| maidens, so runs the legend, were bathing one day in a lake 


under the Shan-a-lin mountains when a passing magpie 
dropped a ripe red fruit into the lap of one of them, The 
maiden ate the fruit, and in due course a child was born to 
her, whom she named Aisin Gioro, or the Golden. When 
quite a lad Aisin Gioro was elected chief over three con- 
tending clans, and established his capital at Otole near the 
Shan-a-lin mountains. His reign, however, was not of 
long duration, for his subjects rose against him and mur- 
dered him, together with all his sons except the youngest, 
Fancha, who, like the.infant Haitu in Mongolian history, 
was miraculously saved from his pursuers. Nothing is re- 
corded of the facts of Aisin Gioro’s reign except that he 
named the people over whom he reigned Manchu, or 
“Pure.” His descendants, through the rescued Fancha, 
fell into complete obscurity until about the middle of the 
16th century, when one of them, Norhachi by name, a chief- 
tain of a small tribe, rose to power. Taking advantage of 


_ the shifting scenes of Manchurian politics, Norhachi played 
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with skill and daring the rdle which had been played by 
Jenghiz ‘Khan more than three centuries before in Mon- 
golia. With even greater success than his Mongolian coun- 
terpart, Norhachi drew tribe after tribe under his sway, 
and after numerous wars with Corea and Mongolia, he es- 
tablished his rule over the whole of Manchuria. Being thus 
the sovereign of an empire, he, again like Jenghiz Khan, 
adopted for himself the title of Ying-ming, “ Brave and 
Iilustrious,” and took for his reign the title of T’een-ming. 
Thirteen years later, in 1617, after numerous border fights 
with the Chinese, Norhachi drew up a list of ‘‘ seven hates,” 
or indictments, against his southern neighbors, and, not 


* getting the satisfaction he demanded, declared war against 


them, The progress of this war, the hastily patched up 
peace, the equally hasty alliance and its consequences, being 
matters of Chinese history, have been treated of under the 
article CHINA. 

At the present day the Manchus are rapidly dying out 
before the quietly advancing Chinese settlers. By far the 
greater number of the present inhabitants of Manchuria 
are Chinamen. The Chinese system of education is adop- 
ted everywhere throughout the country; the Chinese lan- 
guage is taught in all the schools; and Manchuria promises 
to become before long as much a Chinese province as Chih- 
le or Shantung. 

See Journeys in North China, Manchuria and Eastern 
Mongolia, by the Rey. Alexander Williamson ; The Manchus, 
by Rev. John Ross; Man-chow yuen lew kaou. (R. K. D.) 


MANDABANS, also known as Sabians, Nasorzeans, 
or St. John’s Christians,' an Oriental sect of great an- 
tiquity, interesting to the theologian as almost the only 
surviving example of a religion compounded of Chris- 
tian, heathen, and Jewish elements‘on a type which is 
essentially that of ancient Gnosticism. 

The Mandzeans, who can never have been numerous, 
and are now much decayed, are found in the marshy 
lands of South Babylonia (al-batéih), the ancient re- 
fuge of so many strange sects, particularly in the neigh- 
borhood of Basrah (or Bussorah), and in Khiizistan 
(Disful, Shuster).2 They speak the languages of the 
localities in which they are settled (Arabic or Persian), 
but the language of their sacred books is an Aramaic 
dialect, which has its closest affinities with that of the 
Babylonian Talmud, written in a peculiar character sug- 
ete of the old Palmyrene.* The existence of the Man- 

zeans has been known since the middle of the 17th cen- 
tury, when the first Christian missionaries, Ignatius a 
Jesutand Angelus a Sancto, began to labor among them 
at Basrah ; further information was gathered at a some- 
what later date by Pietro della Valle’ and Thevenot,® 
and in the following century by Kaempfer, Chardin, 
and Niebuhr. In recent times they have been visited 
by Petermann’ and Albert Socin, and last of all Liouffi® 
published in 1880 a full and accurate account of the 
manners and customs of the sect, taken from the lips 
of a converted Mandzean himself. For our knowledge 
of their doctrinal system, however, we must of course 
still depend chiefly upon the sacred books already 


1 The first of these names (not Mendzans or Mandaites) is that 
given by themselves, and means yrworcxot followers of Gnosis 


(NVNINN, from IN, Hebr. yi). The Gnosis of which they 


rofess themselves adherents is a personification, the «2on and me- 

iator “knowledge of life” (see below). The title Nasoreeans 
(Nas6rayé), according to Petermann, they give only to those 
among themselves who are most distinguished for knowledge and 
character. Like the Arabic Naséra, it is originally identical with 
the name of the half-heathen half-Jewish-Christian Nagwpato., and 
indicates wn early connection with that sect, The jDApinopetaie 
oe bnneaan of St. John’s Christians arises from the early and im- 
perfect acquaintance of Christian missionaries, who had regard 
merely to the reverence in which the name of the Baptist is held 
among them, and -their frequent Ce. In their dealings 
with members of other communions the designation they take is 
Sabians, in Arabic Subba (sing. Sabi’), from & a¥=y JY, to baptize, 


thus claiming the toleration extended by the Koran (Sur, 5, 73; 
22, 17; 2, 59) to those of that name. 

4 Recent accounts (1882) represent them as shrunk to 200 fami- 
lies, and seeking a new settlement on the Tigris, to escape the 
persecutions to which they are od Sean 

8 See Néldeke’s admirable Manddische Grammatik, Halle, 1875. 

4 Narratio originis, rituum, et errorum Christianorum S, Joannis, 
Rome, 1652. : 

5 Reisebeschreibung, part iv., Geneva, 1674. 

® Voyage aw Levant, Paris, 1689, 

7 Reisenim Orient, il. 447 sq. 

8 Liouffi, Etudes sur la Religion . . . des Soubbas, Paris, 1880. 
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mentioned, consisting of fragments of very vanous 
antiquity derived from an older literavure.? Of these 
the largest and most important is the Sidra rabba or 
‘* Great Book,’’ known also as Ginzd (treasure), con- 
sisting of two unequal parts, of which the larger is 
called ‘‘ yamin4,’’ (to the right hand) and the smaller 
“mala ”’ (to the left hand), because of the manner 
in which they are bound together. In Petermann’s 
edition the former occupies three hundred and ninety- 
five large quarto pages and the other only one hundred 
and thirty-eight. The former is intended for the liv- 
ing; the latter consists chiefly of prayers to be read 
at the burial of priests. As regards doctrine, the work 
is exhaustive ; but it is characterized throughout by 
diffuseness, and often by extreme obscurity, besides 
being occasionally self-contradictory, as might be ex- 
pected in a work which consists of a number of uncon- 
nected paragraphs of various authorship and date. 
The last section of the ‘‘ right-hand ’’ part (the ‘‘ Book 
of Kings’’) is one of the older portions, and from its 
allusion to ‘‘ the Persian and Arabian kings’’ may be 
concluded to date from somewhere between 700 and 
900 A.D. Many of the doctrinal portions may in sub- 
stance well be still older, and date from the time of 
the Sassanids. None of the MSS., however, are older 
than the 16th century.” 

The following sketch represents, as far as can be 
gathered from these heterogeneous sources, the princi- 
pal features of the Mandzean system. The ground 
and origin of all things is Pfra, or more correctly Péra 
rabba, ‘‘ the great abyss’’ (either Persian Pfr, *‘ old,’’ 
or from p29, ‘‘ to split,’’ comp. the Gnostic Bv0éc), asso- 
ciated with whom, and forming a triad with him, are 
the primal zons Ayar zivA rabbaé, ‘‘ the great shining 
zether,’’ and Mana rabba d’ékard, ‘‘ the great spirit 
of glory,’”’ usually called simply Mand rabba. The 
last-named, the most prominent of the three, is the 
king of light properly so called, from whom the devel- 
opment of all things begins. From him emanates 
Yardén& rabbé, ‘‘the great Jordan,’’ which, as the 
higher world soul, permeates the whole ether, the 
domain of Ayar. Alongside of Mana rabbaé frequent 
mention is made of D’miithd, his ‘‘image,’’ as a 
female power; the name ‘‘ image of the father’ arises 
out of oh same conception as that which gives rise to 
the names of ovyf# and évvoca among the Greek Gnos- 
tics. Mand rabba called into being the highest of the 
xons properly so-called, Hayyé Kadmiayé, ‘‘ Primal 
Life,’’ and then withdrew into deepest secrecy, visible 
indeed to the highest but not to the lowest sons 
(comp. Lodia and Ipordtwp), yet manifesting himself 
also to the souls of the more pious of the Mandzeans 
after their separation from the body. Primal Life, 
who is properly speaking the Mandzean god, has the 
same predicates as the primal spirit, and every prayer, 
as well as every section of the sacred books, begins by 


® Mandan MSS. occur in the British Museum, the Bodleian 
Library, the Bibliotheque Nationale of France, and also in Rome, 
Weimar, and Berlin. : \ 

10 The first printed edition and translationof the Sidra rabbd, by 
Matth. Norberg (Codex Nazarzus, liber Adami appellatus, 3 vols., 
Copenhagen, 1815-16, followed by a lexicon in 1816, and an ono- 
masticon in 1817), isso defective as to be quite useless; even the 
name Book of Adam is unknown to the Mandzeans. Petermann’s 
Thesaurus s. Liber magnus, vulgo “ Liber Adami” appellatus, opus 
Mandzorum summi ponderis (2 vols., Leipsic, 1867), is an excellent 
metallographic reproduction of the Paris MS. A critical edition 
still remains a desideratum. Next in importance to the Sidrd 
rabbaé is the Sidra d’ Yahya, or “ Book of John,” otherwise known 
as the D’rdsché d' Malké, or “ Discourses of the Kings,” which has 
not as yet been printed as a whole, although portions have been 
published by Lorsbach and Tychsen (see Museum f. bibl. w, orient. 
Lit., 1807, and Stiiudlin’s Beitr. z. Phil. wu. Gesch. d. Relig. wu. Sitten- 
lehre, 1796 sq.). The Kaldsté (Ar., Kholdsa, “ Quintessence”’), or, 
according to its fuller title “Lnydné uderdshé d’masbtithd wmassek- 
thé (“Songs and Discourses of Baptism and the Ascent,” viz., of 
the soul after death) has been admirably lithographed by Euting 
(Stuttgart, 1867). It is also known as Sidra ad’ neshmatha, “ Book 
of Souls,” and besides hymns and doctrinal discourses contains 
prayers to be offered by the priests at sacrifice and at meals, as 
emit as other liturgical matter. The Mandawan marriage service 
occurs both in Paris and in Oxford as an independent MS. The 
Diwdn, hitherto unpublished, contains the ritual for atonement. 
The Asfar malwashé, or “ Book of the Zodiac,” is astrological. Of 
smaller pieces many are magical and used as amulets. 
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invoking him.’ The extremely fantastic delineation 
of the world of sight by which Hayyé Kadmayé is sur- 
rounded (see for example the beginning of Sidrd rabbd) 
corresponds very closely with the Manichzan descrip- 
tion of the abode of the ‘king of the paradise of 
light.”’ The king of light ‘‘sits in the far north in 
might and glory.”’ The Primal Light unfolds himself 
by five great branches, viz., ‘the highest purest 
light, the gentle wind, the harmony of sounds, the 
voice of all the ceons, and the beauty of their forms,” 
all these being treated as abstractions and personified. 
Out of the further development and combination of 
these primary manifestations arise numerous eons 
(‘Uthré, “‘splendors,’’ from ‘ny, ‘is rich’’), of 
which the number is often stated to be three hundred 
and sixty. They are divided into a number of classes 
(kings, hypostases, forms, ete.); the proper names by 
which they are invoked are many, and for the most 
part obscure, borrowed doubtless, to some extent, from 
the Parsee angelology. From the First Life proceeds 
as a principal emanation the ‘‘Second Life,’ Hayyé 
Tinydné, generally called Yushamin. This last name 
is evidently meant to be Hebrew, ‘‘ Jehovah of the 
heavens,’ the God of the Jews being of a secondary 
rank in the usual Gnostic style. The next emanation 
after Yuishamin is ‘tthe messenger of life’? (Mand4 
WVhayyé, literally »vecve rice Cope), the most important 
figure in the entire system, the mediator and redeemer, 
the Adyoc and the Christ of the Mandzeans, from whom, 
as already stated, they take their name. He is occa- 
sionally also called the primal man, Gabr4é Kadmaya, 
as in the Kabbala and by Mani. Ytshamfn desired 
to raise himself above the Primal Light, but failed in 
the attempt, and was punished by removal out of the 
pure 2therial world into that of inferior light. The one 
world is separated from the other by water channels 
(H’fiké Mayyé). Manda4 on the other hand continues 
with the Kirst Life and Mana rabb4, and is called his 
““ beloved son,’’ the ‘‘ first born,’’ ‘‘ high priest,’’? and 
“word of life’? Mand& makes his appearance in the 
visible world in a series of incarnations beginning with 
the three brothers Hibil, Shithil, and Aniish (late 
Judzeo-Babylonian transformations of the well-known 
names of the book of Genesis), and ending with John 
the Baptist. Of the first three the most highly 
honored is Hibil, almost invariably referred to as 
“the brilliant Hibil’’?; he is the alter ego of 
Manda, his image in this present world, having 
the same predicates and the same activities, and is 
the Jesus Christ of the Mandzans. The Second 
Life, Yuishamfn, has as the last of three sons Hayyé 
t litavé, the ‘‘ Third Life,’ the most distinguished of 
the ‘Uthré, hence usually called their father (Aba d’ 
‘Uthré Abéthtir). His usual epithet is ‘“‘the Ancient”’ 
(‘Atika); and he is also called *‘ the deeply hidden and 
guarded.’’ He stands on the borderland between the 
here and the hereafter, like the mysterious mpeoBirne 
tpitoc or senca, tertius of Mani, whose becoming visible 
will betoken the end of the world. Abathir sits on the 
furthest verge of the world of light that lies towards 
the lower regions, and weighs in his balance the deeds 
of the departed spirits who ascend to him. Beneath 
him was originally nothing but a huge void with muddy 
black water at the bottom, in which his image was re- 
flected, becoming ultimately solidified into P’tahfl, his 
son, who now partakes of the nature of matter. The 
demiurge of the Mandzeans, and corresponding to the 
Taldabaoth of the Ophites, he at the instance of his 
father frames the earth and men,—according to some 
passages in conjunction with the seven bad planetary 
spirits. He created Adam and Hve, but was unable to 
make them stand upright, whereupon Hibil, Shithil, 
and Antish were sent by the First Life to infuse into 
their forms spirit from Mana rabba himself, Hibil, at 
the instance of the supreme God, also taught men about 


1 The use of the word “life” in a personal sense is usual in 
Gnosticism ; compare the Zwy of Valentin, and el-hayat el-mual- 
lama, “the dark life,’ of Mani in the Pihrist. 
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the world of light and the sons, and especially gave 
them to know that not P’tahfl but another was their 
creator and supreme God, who as “‘the great king of 
light, without number, without limit,’’ stands far above 
him. At the same time he enjoined the protoplasts to 
marry and people the world. P’tahil hed now lost his 
power over men, and was driven by his father out of 
the world of light into a place beneath it, whence he 
shall at the day of judgment be raised, and after receiv-’ 
ing baptism be made king of the ‘Uthré with divine 
1Onors. : 

The underworld is made up of four vestibules and 
three hells properly so called. The vestibules have 
each two rulers, Zartay and Zartanay, Hag and Mag, | 
Gaf and Gafan, Anatan and Kin. In the highest hell 
rules alone the grisly king Sh’diuim, ‘‘ the warrior”’; in 
the story immediately beneath is Giy, ‘the great’’; 
and in the lowest is Krin or Karkiuim, the oldest and 
most powerful of all, commonly ealled ‘‘the great 
mountain of flesh”’ (Tiir4 rabba d’ besra), but also ‘‘ the 
first-born of darkness.’’? In the vestibules dirty water 
is still to be met with, but the hells are full of scorching 
consuming fire, except Krtin’s domain, where is nought 
but dust, ashes, and vacancy. Into these regions 
descended Hibil the brilliant, in the power of Mana | 
rabba, just as in the Manicheean mythology the ‘‘ primal 
man,’ armed with the elements of the king of light, 
descends to a contest with the primal devil. Hibil 
lingers, gradually unfolding his power, in each of the 
vestibules, and finally passing from hell to hell reaches 
Karkim. Hibil allows himself to be half swallowed by 
the monster, but is unhurt, and compels his antagonist 
to recognize the superiority of Mana rabba, the God of 
light, and to divulge his profoundest secret, the hidden 
name of darkness. Armed with this he returns through 
the successive hells, compelling the disclosure of every 
secret, depriving the rulers of their power, and barring 
the doors of the several regions. From the fourth yesti- 
bule he brought the female devil Riiha, daughter of 
Kin, and set her over the whole four. This Ruha, the 
mother of falsehood and lies, of poisoning and fornica- 
tion. is an anti-Christian parody of the Ruhad’ Kud- 
shé (Holy Spirit) of the Syriac Church. She is the 
mother of Ur, the personified fire of hell, who in anger 
and pride made a violent onset on the world of light 
(compare the similar occurrence in the Manicheean 
mythology), but was mastered by Hibil and thrown in 
chains down to the ‘‘black water,” and imprisoned 
within seven iron and seven golden walls. By Ur, 
Riuiha, while P’tahfl was engaged in his work of crea- 
tion, became mother of three sets of seven, twelve, and 
five sons respectively; all were translated by P’tahil to 
the heavenly firmament (like the Archons of Mani), the 
first group forming the planets and the next the signs 
of the zodiac, while the third is as yet undetermined. 
Of the names of the planets Estera (Istar, Venus, also 
called Ruihé d’Kudsha, ‘‘ holy spirit’’), Knba (Nebo, 
Mercury), Sin (moon), Kéwén (Saturn), Bil (Jupiter), 
and Nirfg (Nirgal, Mars) reveal their Babylonian ori- 
gin; Il or Ll Il, the sun, is also known as Kaédiish and 
Adiinay (the Adonai of the Old Testament); as lord of 
the planetary spirits his place is in the midst of them ; 
they are the source of all temptation and evil amongst 
men. The houses of the planets, as well as the earth 
and a second world immediately to the north of it, rest 
upon anvils laid by Hibil on the belly of Ur. 

In the Mandzean representation the sky is an ocean 
of water, pure and clear, but of more than adamantine 
solidity, upon which the stars and planets sail. Its 
transparency allows us to see even to the pole star, who 
is the central sun around whom all the heayenly bodies 
move. Wearing a jewelled crown, he stands before 
Abathtir’s door at the gate of the world of light; the 
Mandeeans accordingly invariably pray with their faces 
turned northward. The earth is conceived of as a round 
disk, slightly sloping towards the south, surrounded on 
three sides by the sea but on the north by a high moun- 
tain of turquoises; behind this is the abode of the blest, 
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a sort of inferior paradise, inhabited by the Egyptians 


drowned along with Pharaoh in the Red Sea, whom | 


the Mandzeans look upon as their ancestors, Pharaoh 
himself haying been their first high priest and king. 
The total duration of the earth they fix at four hundred 
and eighty thousand years, divided into seven epochs, 
in each of which one of the planets rules. The Sidra 
Rabba knows of three total destructions of the human 
race by fire and water, pestilence and sword, a single 
pair alone surviving in each case. In the Mandzean 
_view the Old Testament saints are false prophets; 
such are Abraham, who arose six thousand years after 
Nu (Noah) during the reign of the Sun, Mish4 (Moses), 
in whose time the true religion was professed by the 
Heyptians, and Shlimiin (Solomon) ta Davith, the 
lord the demons. Another false prophet and magi- 
cian was Yishu M’shfha, who was in fact a manifesta- 
tion of the planet Mercury. Forty-two years before his 
day, under King Pontius Pilate, there had appeared 
the true prophet Yahya or John son of Zechariah, an 
incarnation of Hibil, of whose birth and childhood 
fantastic stories are told. Yahy& by a mistake gave bap- 
tism to the false Messiah who had feignéd humility: 
on the completion of his mission, after undergoing a 
seeming execution, he returned clothed with light into 
the kingdom of light. As a contemporary of Yahya 
and the false Messiah Hibil’s younger brother Anish 
‘Uthra came down from heaven, caused himself’ to be 
baptized by Yahya, wrought miracles of healing and of 
raising the dead, and brought about the crucifixion of 
the false Messiah. He preached the true religion, 
destroyed Jerusalem (‘ em a v.e., ‘‘the devil 
finished it’’), which had been built by Advinay, dis- 
ie over the world the Jews who had put Yahya to 


eath, and previous to his return into the worlds of | : y 4 f 
| the second month of summer,—during its continuance 


| every Mandzean, male and female, must dress in white and 
| bathe thrice daily; (5) Dehw4 d’daiman4, in honor of one of 


light sent forth three hundred and sixty prophets for 
the diffusion of the true religion. All this speaks of 
intense hatred alike of Jews and Christians; the fasts, 
celibacy, and monastic and anchoret life of the latter 
are peculiarly objectionable to the Mandeans. Two 
hundred and forty years after the appearing of the false 


Messiah there came to the world sixty thousand saints | 
out of Pharaoh’s world to take the place of the Man- | 


deeans, who had been completely extirpated; their 
high priest had his residence in Damascus. The last 
ale prophet was M’hammad or Ahmat bar Bishbat 
(Mohammed), but Antish, who remained close beside 
him and his immediate successors, prevented hostilities 
against the true believers, who claim to have had in 
Babylonia, under the Abbasides, four hundred places 
of worship. Subsequent persecutions compelled their 
withdrawal to ‘Ammérah in the neighborhood of 
WaAsit, and ultimately to Khiizistan. At the end of the 
world the devil Ur will swallow up the earth and the 
other intermediate higher worlds, and thereupon will 
burst and fall into the abyss of darkness, where, along 
with all the worlds and powers of darkness, he will 
ultimately cease to be, so that thenceforward the uni- 
‘verse will consist of but one everlasting world of light. 


The chief depositaries of these Mandeean mysteries are 
the priests, who enjoy a high degree of power and social 
regard. The priesthood has three grades. (1) The Sh’kanda 
or deacon is generally chosen from episcopal or priestly 
families, and must be without bodily blemish. The candi- 
date for orders must be at least nineteen years old and have 
undergone twelve years’ preparation; he is then qualified 
to assist the priesthood in the ceremonies of religion. (2) 
The Tarmida (%. ¢., Talmid4, “ initiated”) or priest is or- 
dained by a bishop and two priests or by four priests after a 
long and extremely painful period of preparation. (3) The 
Ganzivra ( “treasurer’’) or bishop, the highest dignitary, is 
chosen from the whole body of the Tarmidas after a variety 
‘of tests, and possesses unlimited authority over the clergy. 
A supreme priestly rank, that of Rish ‘amma, or “ head of 
the people,” is recognized, but only in theory; since the 
time of Pharaoh this sovereign pontificate has only once 
been filled. The priestly dress, which is all white, consists 
of drawers, an upper garment, and a girdle with the so-called 
taégd or “ crown” ; in all ceremonies the celebrants must be 


,altar nor decoration of any kind. 
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| religious ceremonies is that of baptism (masbfith4), which 
is called for in a great variety of cases, not only for children 
| but for adults, where consecration or purification is required, 
as for example on all Sundays and feast days, after contact 
with a dead body, after return from ubroad, after neglect 
of any formality on the part of a priest in the discharge of 
his functions. In all these cases baptism is performed by 
total immersion in running water, but during the five days’ 
baptismal festival the rite is observed wholesale by mere 
sprinkling of large masses of the faithful at once. The 
Mandeans observe also with the elements of bread (pehtd) 
and wine (mambuga, lit. ‘‘fountain’’?) a sort of eucharist, 
which has a special sanctifying efficacy, and is usually dis- 
pensed at festivals, but only to baptized persons of good 
repute who have never willingly denied the Mandan faith. 
In receiving it the communicant must not touch the host 
with his finger; otherwise it loses its virtue. The hosts are 
made by the priests from unleavened fine flour. A peculiar 
act of piety is for a layman under the guidance of the bishop 
to receive the massektha (‘ elevation, ’’) and thereby become 
a sort of ascetic, a shalména taba (“really perfect”). The 
Mandean places of worship, being designed only for the 
priests and their assistants, are excessively small, and very 
simply furnished; two windows, a door that opens towards 
the south so that those who enter have their faces turned 
towards the pole star, a few boards in the corner, and a 
gabled roof complete the whole structure; there is neither 
The neighborhood of 
running water (for baptisms) is essential. At the consecra- 
tion of a church the sacrifice of a dove (the bird of Venus) 
has place among the ceremonies. Besides Sundays there 
are six great feasts : (1) that of the New Year (Naurtiz rabbé4), 
on the first day of the first month of winter; (2) Dehwa 
h’nind, the anniversary of the happy return of Hibil Ziva 
from the kingdom of darkness into that of light, lasting 
five days, beginning with the 18th of the first month of 
spring ; (3) the Marwan4, in commemoration of the drowned 
Egyptians, on the first day of the second month of spring; 
(4) the great five days’ baptismal festival (pantshda), the 
chief feast, kept on the five intercalary days at the end of 


the three hundred and sixty ‘Uthras, on the first day of the 
second month of autumn; (6) Kanshe Zahld. the prepara- 
tion feast, held on the last day of the year. There are also 
fast days called m’battal (Arab.), on which it is forbidden 
to kill any living thing or eat flesh. The year is solar, and 
has twelve months of thirty days each, with five intercalary 
days between the eighth and the ninth month. Of the 
seven days of the week, next to Sunday (habshaba) 
Thursday has aspecial sacredness as the day of Hibil Ziva. 
As regards secular occupation, the present Mandans are 
goldsmiths, ironworkers, and house and ship carpenters. 
They practise polygamy, the Sidré Rabba laying great stress 
upon the duty of procreation, but few of them are rich 
enough to maintain more than two wives. In the 17th 
century, according to the old travellers, they numbered 
about 20,000 families, but at the present day they hardly 
number more than 1200 souls. In external appearance the 
Mandean is distinguished fromthe Moslem only by a brown 
coat and a parti-colored headcloth with a cord twisted round 
it. They have some peculiar death-bed rites: a deacon 
with some attendants waits upon the dying, and as death 
approaches administers a bath first of warm and afterwards 
of cold water; a holy dress, consisting of seven pieces 
(rasté), is then put on; the feet are directed towards the 
north and the head turned to the south, so that the body 
faces the pole star. After the burial a funeral feast is held 
in the house of mourning. 

The Mandeeans are strictly reticent about their theologi- 
cal dogmas in the presence of strangers; and the knowl- 
edge they actually possess of these is extremely small, 
The foundation of the system is obviously to be sought in 
Gnosticism, and more particularly in the older type of that 
doctrine (known from the serpent symbol as Ophite or 
Naassene) which obtained in Mesopotamia and Further 
Asia generally. But it is equally plain that the Ophite 
nucleus has from time to time received very numerous and 
often curiously perverted accretions from Babylonian Juda- 
ism, Oriental Christianity, and Parsism, exhibiting a strik- 
ing example of religious syneretism. In the Gnostic basis 
itself it is not difficult to recognize the general features of 
the religion of ancient Babylonia, and thus we are brought 
nearer a solution of the problem as to the origin of Gnosti- 
cism in general. It is certain that Babylonia, the seat of 
the present Mandeeans, must be regarded also as the cradle 
in which their system was reared ; itis impossible to think 
of them as coming from Palestine, or to attribute to their 


barefoot. By far the most frequent and important of the | doctrines a Jewish or Christian origin. They do not spring 
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historically from the disciples of John the Baptist (Acts | 


Xvili. 25; xix. 3 sq.; Recog. Clem., i.54); the tradition in 
which he and the Jordan figure so. largely is not original, 
and is therefore worthless; at the same time it is true that 
their baptismal praxis and its interpretation place them in 
the same religious group with the Hemerobaptists of Euse- 
bius (77. £., iv. 22) and Epiphanius (Her., xvii.), or with 
the sect of disciples of John who remained apart from 
Christianity. The reverence for John is of a piece with 
their whole syncretizing attitude towards the New Testa- 
ment. Indeed, as has been seen, they appropriate the en- 
tire personale of the Bible from Adam, Seth, Abel, Enos, 
and Pharaoh to Jesus and John, a phenomenon which bears 
witness to the close relations of the Mandzean doctrine, at 
the time of its formation, both with Judaism and Chris- 
tianity,—not the less close because they were relations of 
hostility. The history of religion presents other examples 
of the degradation of holy to demonic figures on occasion of 
religiousschism. The use of the word “ Jordan,” even in the 
plural, for “sacred water,’ is precisely similar to that by 
the Naassenes described in the Philosophumena (v. 7); there 
6 péyas ‘Lopddvns denotes the spiritualizing, sanctifying fluid 
which pervades the world of light. The notions of the 
Egyptians and the Red Sea, according to the same work (vy. 
16), are used by the Peratee much as by the Mandeans. 
And the position assigned by the Sethians (27@:avot) to 
Seth is precisely similar to that given by the Mandeeans to 
Abel. Both alike are merely old Babylonian divinities in 
anew Biblical garb. The genesis of Mandsism and the 
older gnosis from the old and elaborate Babylonio-Chal- 
dean religion is clearly seen also in the fact that the names 
of the old pantheon (as for example those of the planetary 
divinities) are retained, but their holders degraded to the 
position of demons,—a conclusion confirmed by the fact 
that the Mandeans, like the allied Ophites, Perate, and 
Manicheans, certainly have their original seat in Mesopo- 
tamia and Babylonia. Great caution is necessary, in the 
present state of our knowledge, in the use made of the 
results of cuneiform decipherment in relation to Babylo- 
nian mythology; but so much seems clear, that the trinity 
of Anu, Bil, and Ea in the old Baylonian religion has its 
counterpart in the Mandan Pira, Ayar, and Mén4 rabba. 
The D’mfithd of Man4 is the Damkina, the wife of Ea, 
mentioned by Damascius as Aatxcn, wife of ’Aés. Manda 
@hayyé and his image Hibil Ziv4 with his incarnations 
clearly correspond with the old Babylonian Marduk, Mero- 
dach, the “ first-born” son of Ea, with his incarnations, 
the chief divinity of the city of Babylon, the mediator 
and redeemer in the old religion. Hibil’s contest with 
darkness has its prototype in Marduk’s battle with chaos, 
the dragon Tiamat, which (another striking parallel) par- 
tially swallows Marduk, justas is related of Hibil and the 
Manichean primal man. Other features are borrowed by 
the Mandean mythology under this head from the well- 
known epos of Istar’s descensus ad inferos. The sanctity 
with which water is invested by the Mandeans is to be 
explained by this fact that Ea has his seat “in the depths 
of the world sea,” 


Compare K. Kessler’s article ‘‘ Mandier” in Herzog-Plitt’s Real- 
encyklopddie, and the same author’s paper, “ Ueber Gnosis u. alt- 
babylonische Religion,” in the Abhandh. d. finften internationalen 
Orientalisten-congresses zu Berlin (Berlin, 1882), (K. K.) 

MANDALAY, the capital of Independent Burmah, 
is situated about 2 miles from the left bank of the 
Trawadi river, in 21° 59’ N. lat. and 96° 8’ KE. long. 
It was founded by the king of Burmah, who transfer- 
red to it the seat of government from Amarapura in 
1860. The city proper is laid out in a square, each 
side of which is a little over a mile in length. 
Tt is inclosed by a crenellated brick wall 26 feet high 
and 3 feet thick ; the twelve gates (three on each side) 
are surmounted with wooden watch-towers. A deep wet 
moat, 100 feet broad, with its escarp 60 feet from the 
walls, extends along all four sides ; it is crossed by five 
bridges. The palace of the king occupies the central 
space of the city; the walls of its inclosure are laid 
symmetrically with those of the city, and each face is 
about 370 yards in length. The outer fence consists 
of a stockade of teak-wood posts 20 feet high, and with- 
in it are three successive inclosures, bounded by brick. 
walls. The palace is built within the inner inclosure; 
and its front, which faces the east, contains the great 
hall of audience, 260 feet long, composed of teak tim- 
ber, elaborately carved and gilded, erected on a terrace 
of brickwork 10 feet high. It isin the form of a col- 
onnade, the central part running back, forming a nave 


MANDALAY —MANDAMUS. 


with two side aisles. At the exremity of this nave is 
a space like a chancel (said to be the exact centre of the 
city) where stands the throne, over which rises a grace- 
ful gilded spire, visible from all parts of the city and 
surrounding country. Another feature of the com- 
plex palace buildings is the lofty campanile. Around 
the palace walls a wide space has been laid out as an 


| esplanade, on the further margin of which are situated 


most of the houses of the princes, ministers of state, 
and court officials. The city may be said to consist of 
two parts, intramural and extramural; the streets in 
the former run parallel with the walls, dividing the — 
building sites into rectangular blocks. The majority 
of the houses are constructed of bamboos and bamboo 
matting, slightly raised from the ground on posts, with 
here and there a few brick and wooden buildings. The 


streets inside the city are very wide, the principal ones 


being lined with tamarind trees. In the suburbs the 
roads are laid out with something of the same regu- 
larity as in the city, but are of less width, with the ex- 
ception of the principal road, the Kuladan or foreign 
quarter, inhabited chiefly by Armenians, Mughals, and 
a few European residents. The number of horses in 
the city and suburbs is said to be, in round numbers, 
12,000; and the population is roughly estimated at 
65,000. Monasteries and pagodas are dotted about in 
open spaces, both within and without the walls. Silk- 
weaving is the principal manufacture. 


See Fytche, Burma Past and Present, 1878. 


MANDAMUS, Warrr of, in English law, is usually - 
described as a high prerogative writ, containing a com- 
mand in the name of the king, and issuing from the 
King’s Bench, directed to persons, corporations, and 
inferior courts, ordering them to do a specific act within 
the duty of their office. Direct orders from the sove- 
reign to subjects commanding the performance of par- 
ticular acts were common in early times, and to this 
class of orders mandamus originally belonged. It be- 
came customary for the Court of King’s Bench, in eases 
where a legal duty was established but no sufficient 
means existed for enforcing it, to order performance 
by this writ. At all times, accordingly, mandamus 
has been regarded as of the nature of an equitable in- 
terference supplementing the deficiencies of the com- 
mon law. When the object sought could be equally 
well obtained by other means, as by an action, or by 
any other form of proceedings, then mandamus would 
not lie. A further condition of mandamus at common 
law was that it lay only for the performance of acts of 
a public or official character. The enforcement of merely 
private obligations, such as those arising from con- 
tracts, was not within its scope. Further, the inter-. 
ference of the court could only be obtained when there 
was no doubt of the existence of the duty, or when 
performance had been demanded and refused. Nor 
would the writ be issued when performance had become 
impossible. By the Common Law Procedure Act, 
1854, the plaintiff in any action otherthan replevin and 
ejectment was entitled to claim a writ of mandamus to 
compel the defendant to discharge any duty in which 
the plaintiff might show that he was personally inter- 
ested, or from the non-performance of which he might 
sustain damage. The duties so enforceable must, how- 
ever, be of a public character. By the Judicature Act, 
1873, a mandamus may he granted by an interlocutory 
order of the court in all cases in which it shall appear to 
thecourt to be just and convenient, and subject to such 
terms and conditions, if any, as the court shall think just. 
Under this section it has been held that the court 
(which now includes what was formerly the Court 
of Chancery), has power to issue a writ of mandamus in 
any cause or matter pending before it, but when the 
cause is at an end the power is gone. And it has also 
been held that, when the circumstances are such as 
would form ground for an application for the old pre- 
rogative writ of mandamus, the application must be 
made to the Queen’s Bench division, which has taken 
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the place of the Court of Queen’s Bench on the old 
system. |The jurisdiction of the Court of Chancery to 
compel specific performance of contracts has some re- 
semblance to mandamus in the domain of semi-public 
law. Tor a collection of the cases in which the pre- 
rogative writ of mandamus will or will not lie, refer- 
ence may be made to Tapping On Mandamus, and to 
Selwyn’s Nis? Prius, art. ‘‘ Mandamus.”’ 


The writ has passed into the law of the United States. 
“There is in the federal judiciary an employment of the 
_writ substantially as the old prerogative writ in the King’s 
Bench practice, also as a mode of exercising appellate juris- 
diction, also asa proceeding ancillary to a judgment pre- 
viously rendered, in exercise of original jurisdiction, as 
when a circuit court having rendered a judgment against 
a county issues a mandamus requiring its officers to levy a 
tax to provide for the payment of the judgment.” And in 
the various States mandamus is used under varying regula- 
tions, mandate being in some cases substituted as the name 
of the proceeding. See Abbott's Law Dictionary. 


MANDATE (Manpatum). The contract of man- 
datum in Roman law was constituted by one person 
(the mandatarvus), promising to do something gratui- 
tously at the request of another (the mandator), who 
undertakes to indemnify him against loss. The jurist 
distinguished the different cases of mandatum accord- 
ing as the object of the contract was the benefit of the 
mandator or a third person singly, or the mandator 
and a third person, the mandator and the mandatarius, 
or the mandatarius and a third person together. 
When the benefit was that of the mandatarius alone, 
the obligations of the contract were held not to arise, 
although the form of the contract might exist, the com- 
mission being held to be merely advice téndered to the 
mandatarius, and acted on by him at his own risk. 


| be continued. 


Mandatum was classified as one of the contracts estab- | 


lished by consent of the parties alone; but, as there 
was really no obligation of any kind until the manda- 
tarius had acied on the mandate, it has with more 
propriety been referred to the contracts created by 
the supply of some fact (re). ‘The obligations of the 
mandatarius under the contract were, briefly, to do 
what he had promised according to his instructions, 
observing ordinary diligence in taking care of any 
property intrusted to him, and handing over to his 
principal the results of his action, including the right 
to sue in his name. On the other hand, the principal 
was bound to recoup his expenses and indemnify him 
against loss through obligations he might have in- 
curred, 


The essentials and the terminology of the contract are 
preserved in most modern systems of law. But in English 
law mandate, under that name, can hardly be said to exist 
as a separate form of contract. To some extent the law of 


'. mandatum corresponds partly to our law of principal and 


agent, partly to that of principal and surety. Story, dis- 
puting the assertion that “in thelaws of England the con- 
tract of mandatum is of no use,” points out that “ the com- 
mon law does not indeed comprehend under that appella- 
tion all the contracts of mandate according to the civil 
law,—such, for example, as mere naked acts of agency, 
where there is no bailment of anything to the agent. But 
for the most part the principles applicable to all the vari- 
ous classes of mandate have a place in our law, although 
they may be differently named.” The difference, how- 
ever, is more than one of name. English law in this 
as in other cases reaches its end by a different method 
through different principles from those of the civil law, 
though the end may be the same. 

Mandate is retained by Story and others to signify the 
contract more generally known as gratuitous bailment. It 
is restricted, as he points out, to personal property, and it 
implies the delivery of something to the bailee, both of 
which conditions are unknown in the mandatum of the 
civil law. Mandate in this later sense is further distin- 
guished from deposit in that the custody of the thing is 
the principal object of the latter contract, while in the 
former it is something to be done with respect to the 
thing, though Story holds that custody and performance 
concur in both contracts,—this by way of correction of 
Sir W. Jones’s distinction that mandate consists in feasance 
and deposit in custody. 
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MANDEVILLE, Brrnarp pr (1670--1733), is 
generally known as an ethical writer of debasing and 
degrading tendency, but he was at least as much of a 
humorist as a philosopher, and set up as an analyst of 
‘‘ what is,’’ repeatedly disavowing all pretensions as a 
lawgiver of ‘‘what ought to be.”? He wasa foreigner 
by birth, a native of Rotterdam, where his father 
practised as a physician for thirty years. A remark- 
ably eloquent schoolboy exercise, De Medicina Oratio 
Scholastica, was printed for him at Rotterdam in 
1685. He studied for six years at Leyden, and took 
his degree in medicine in 1691, his inaugural thesis be- 
ing De Chylosi Vitiata. Immediately afterwards he 
came over to England ‘‘ to learn the language,’’ which 
he did to some purpose, writing it with such mastery 
as to throw doubts upon his foreign extraction. He 
settled in London as a physician. The Mable of the 
Bees is the general title of the miscellaneous work by 
which he is known to fame. This work includes the 
fable proper, The Grumbling Hive, or Knaves Turned 
Honest (some two hundred doggerel couplets, pub- 
lished as a six-penny pamphlet and -pirated as a half. 
penny sheet in 1705); Remarks on the fable and An 
Inquiry into the Origin of Moral Virtue, added to the 
edition of 1714; An Essay on Charity Schools, and 
A Search into the Origin of Society, added to the edi- 
tion of 1723. Owing to a curious misprint in an edi- 
tion published after Mandeville’s death, a wrong date 
is commonly assigned tothe Grumbling Hive, and the 
contemporary point of it consequently missed. It ap- 
peared during the heat of the bitterly contested elec- 
tions of 1705, when the question before the country 
was whether Marlborough’s war with France should 
The ery of high Tory advocates of 
peace was that the war was carried on purely in the 
interests of the general and the men in office; charges 
of bribery, peculation, hypocrisy, every form of fraud 
and dishonesty, were freely cast about among the 
electors. It was amidst this excitement that Mande- 
ville sought and found an audience for his grimly hu- 
morous paradox that ‘‘ private vices are public bene- 
fits,’ —that individual self-seeking, ambition, greed, 
vanity, luxury, are indispensable to the prosperity and 
greatness of anation. ‘‘ Fools only strive to make a 
great an honest hive.’’ The bees of his fable grum- 
bled as many Englishmen were disposed to do,— 
‘cursed politicians, armies, fleets,’’ whenever there 
came a reverse, and cried, ‘‘Had we but honesty! ”’ 
Jove at last in a passion swore that he would “‘rid the 
bawling hive of fraud,’’ and filled the hearts of the 
bees with honesty and all the virtues, strict justice, 
frugal living, contentment with little, acquiescence in 
the insults of enemies. Straightway the flourishing 
hive declined, till in time only a small remnant was 
left; this took refuge in-a hollow tree, ‘‘ blest with 
content and honesty,’’ but destitute of arts and manu- 
factures. The Grumbling five was in fact a political 
je d@ esprit, full of the impartial mockery that might 

e expected from a humorous foreigner, and with as 
much ethical theory underlying it as might be expected 
from a highly educated man in an age of active ethi- 
cal speculation. The underlying theory was made ex- 
plicit in the Remarks and the Inquiry into the Origin 
of Moral Virtue, published in 1714. But his purpose 
in dwelling on the text that private vices are public 
benefits was still rather the invention of humorous 

aradoxes than the elaboration of serious theory. Dr. 

ohnson, who owned that Mandeville ‘‘ opened his 
views into real life very much,’’ considered that the 
fallacy of his argument lay in his defining neither 
vices nor benefits. But such a criticism as this over- 
looks the hinge on which all Mandeyille’s paradoxes 
turn. He does define virtue and vice very precisely, in 
accordance with the current orthodoxy of the time. He 
‘“‘cives the name of virtue to every performance by 
which man, contrary to the impulse of nature, should 
endeayor the benefit of others, or the conquest of his 
own passions, out of a rational ambition of being 
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good’’; while ‘‘everything which, without regard to 
the public, man should commit to gratify any of his 
appetites’ is vice: His paradoxical humor has ample 
scope in tracing how much vice and how little virtue 
there is in the world, when the terms are thus strictly 
defined. He finds self-love (a vice by the definition) 
masquerading in many virtuous disguises, lying at the 
root of asceticism, hervism, public spirit, decorous con- 
duct,—at the root, in short, of all the actions that 
pass current as virtuous. These actions are not vir- 
tuous by the definition, because not performed solely 
‘out of a rational ambition of being good.’”’ ‘‘ This 
is the way,’’ Dr. Johnson says, ‘‘ to try what is vicious, 
by ascertaining whether more evil than good is pro- 
duced by it on the whole.”’ Mandeville would at once 
have admitted this, but his definition compelled him, 
in determining virtue and vice, to consider also the mo- 
tive. And haying regard to the motive, ‘‘the nearer 
we search into human nature, the more we shall be 
convinced that the moral virtues are the political off- 
spring which flattery begot upon pride.’’ Man, ‘‘ an 
extraordinary selfish and headstrong as well as a cun- 
ning animal,’’ has been induced to subordinate his own 
appetites to the good of others, by the dexterous man- 
agement of politicians and moralists, who have worked 
upon his pride to persuade him that self-indulgence is 
worthy only of the brutes, and altogether ‘‘ unbecom- 
ing the dignity of such a sublime creature as himself.” 
When Mandeville, in the 1723 edition of the fable, 
applied his analysis of self-regarding motives to the 
institution of charity schools, at that time a highly 
fashionable form of munificence, a great outcry was 
made against his doctrines; his book was presented to 
the justices by the grand jury of Middlesex as being 
of an immoral and pernicious tendency, and a copy 
was condemned to be burnt by the common hangman. 
Mandeville’s defence of himself was that his remarks 
were ‘‘designed for the entertainment of people of 
knowledge and education,’ and that his inquiry could 
hardly be intelligible except to those accustomed to 
matters of speculation; and he claimed that he had 
‘diverted persons of great probity and virtue and un- 
questionable good sense.’’ The truth is that, to be 
rightly understood, the prose part of Mandeville’s 
fable must be read in connection with Lord Shaftes- 
bury’s ethical writings; the intention to ridicule the 
aiable but somewhat feebly reasoned theories of that 
moralist is most apparent in the Search into the Origin 
of Society, but many lurking references may be de- 
tected elsewhere. If Mandeville were taken seriously, 
he would certainly be open to the charge of conveying 
the impression that those who restrain their appetites 
and sacrifice personal interests for the public good 
make fools of themselves, and are the dupes of a de- 
signing society. But his main purpose seems to have 
been to entertain himself and others at the expense of 
more serious but less quick-witted theorizers. 

Besides his political and philosophical parerga, 
Mandeville wrote, in 1711, a medical treatise, Of the 
Hypochondriack and Hysterick Passions—their symp- 
toms, causes, and cures. The treatise is in the form 
of a dialogue, and is “‘interspersed with instructive 
discourses on the real art of physic itself, and enter- 
taining remarks on the modern practice of physicians 
and apothecaries.’’ In this, with the same entertain- 
ing style and clear and subtle judgment, he protests 
against and ridicules speculative therapeutics, and 
pleads for patient diagnosis and careful observation 
and record of facts. His own theories about the ani- 
mal spirits and their connection with ‘‘ the stomachic 
ferment’ are fanciful enough, but he shows an inti- 
mate acquaintance with the scientific methods of Locke, 
and a warm admiration for Sydenham. Zhe Virgin 
Unmasked; Free Thoughts on Religion, the Church, 
and National Happiness; An Inquiry into the Causes 
of the frequent Executions at Tyburn ; An Inquiry into 
the Origin of Honor, and Usefulness of Christianity in 
War—are titles uf other works of Mandeville; but all 
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that is characteristic of him as a thinker and humorist 
may be found in the Fable of the Bees. (Ww. M.) 
MANDEVILLH, JEeHAn ps, the name claimed by 
the compiler of a singular book of travels, written in 
French, and published between 1357 and 1371. By 
aid of translations into many other languages it ac- 
quired extraordinary popularity, while a few interpo- 
lated words in a. particular edition of the English 
version have gained for Mandeville in modern times 
the spurious credit of being ‘‘ the father of English 
prose. 
In his preface the compiler calls himself a knight, 
and states that he was born and bred in England, of 
the town of St. Albans; had crossed the sea on 
Michaelmas Day, 1322; had travelled by way of 
Turkey (Asia Minor), Armenia the little (Cilicia) and 
the great, Tartary, Persia, Syria, Arabia, Egypt upper 
and lower, Libya, great part of Ethiopia, Chaldeza, 
Amazonia, India the less, the greater, and the middle, 
and many countries about India; had often been to 
Jerusalem; and had written in Romance as more 
generally understood than Latin. In the body of the 
work we hearthat he had been at Paris and Constantino- 
ple; had served the Sultan of Egypt a long time in his 
wars against the Bedouins, had been freely addressed 
by him on the corruption of contemporary Christen- 
dom, had been vainly offered by him a princely mar- 
riage and a great estate on condition of renouncing 
Christianity, and had left Egypt under Sultan Melech 
Madabron, 7. e., Muzaffar or Mudhaffar'’ (who reigned 
in 1346-47) ; had been at Mount Sinai, and had visited 
the Holy Land with letters under the great seal of the 
sultan, which gave him extraordinary facilities ; had 
been in Russia, Livonia, Cracow, Thea en 
roialme daresten’’ (?de Daresten or Silistria), and 
many other parts near Tartary, but not in Tartary 
itself; had drunk of the well of youth at Polombe 
(Quilon on the Malabar coast), and still seemed to feel 
the better; had taken astronomical observations on the 
way to Lamary (Sumatra), as well as in Brabant, Ger- 
many, Bohemia, and still farther north; had been at 
an isle called Pathen in the Indian Ocean; had been 
at Cansay (Hangchow-fu) in China, and had served the 
emperor of China sixteen months against the king of 
Manzi; had been among rocks of adamant in the 
Indian Ocean; had been through the haunted valley, 
which he places near Millestorach (= Millescorath, 7. e., 
Malasgird in Armenia); had been at many great 
feats of arms, but had been incapable of performing 
any himself; had been driven home against his will in 
1357 by arthritic gout (despite the well of youth!) ; 
and had written his book as a consolation for his 
‘‘ wretched rest.’’ The paragraph which states that 
he had had his book confirmed at Rome by the pope 
is, however, an interpolation of the English version. 
This recital is of itself enough to provoke some little 
questioning, and on investigating the sources of the 
book it will presently be obvious that part at least of the 
ersonal history of Mandeville is mere invention. 
ade these circumstances the truth of any part of the 
history, and even the genuineness of the compiler’s 
name, become matter for serious doubt. No contem- 
porary corroboration of the existence of such a Jehan 
de Mandeville seems to be known. Some French 
MSS., not contemporary, give a Latin letter of presen- 
tation from him to Edward III., but this is so hope- 
lessly vague that it might have been penned by any 
writer on any subject. At Liége, in the abbey of the 
Guilelmites, now pulled down, there certainly was in 
the 16th century ‘he tomb of a man in armor said to be 
Mandeville; but the old French inscription showed no 
name, and the arms were quite unlike those of the 
Mandevilles, earls of Essex; while the Latin insecrip- 
tion, stating that the tomb was Mandeville’s, and that 
he died at Liége on November 17, 1371, is not only 
apparently much later in style, but confounds him with 


1 The on in Madabron apparently represents the Arabic nuna- 
tion, though its use in such a case is very odd. 
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a physician called ‘‘ad Barbam,” 

rinted Latin edition of Mandeville to have met him 
first at Cairo and again at Liége, and to have first per- 
suaded and helped him to write his travels.! 

Leaving this question, there remains the more com- 
plex one whether the book contains, in any measure, 
facts and knowledge acquired by actual travels and 
residence in the East. \V 


entirely to the section of the work which treats of the 
Holy Land, and of the different ways of getting 
thither, as well as of Egypt, and is general of what we 
understand by the Levant. 

The prologue indeed points almost exclusively to the 
Holy Land as the subject of the work. ‘he mention 
of more distant regions comes in only towards the end 
of this prologue, and (in a manner) as an afterthought. 
As regards the writer’s claim to have travelled in 
those more distant regions, it is somewhat astonishing 
to find that any modern editor could have regarded 
this as possibly founded in truth. And the apology 
sometimes made for the book, as only a compilation of 
what was regarded as truth in the writer’s age, is not 
tenable in the face of the frequent assertion (explicit 
or implicit) that he had himself been in the remotest 
regions spoken of, and had witnessed some of the most 
marvellous circumstances that he details. To this we 
shall reeur later, for the bearing of these statements 
can only be appreciated when the true derivation of the 
matter about the further East shall have been ex- 


hibited. 


By far the greater part of these more distant travels, ex- 
tending in fact from Trebizond to Ormus, India, the Indian 
Archipelago, and China, and back again to Western Asia, 
has been appropriated from the narrative of Friar Odoric 
(written in 1330). These passages, as served up by Mande- 
ville, are almost always, indeed, swollen with interpolated 
particulars, usually of an extravagant kind, whilst in no 
few cases the writer has failed to understand the passages 
which he adopts from Odoric and professes to give as his 
own experiences. Thus (p. 193? in appropriating a passage 
of Odoric about tortoises of great size, seen in Champa, 
these are described as ‘‘snails” (liymecons, A., limassons, G.) 
whose shells were as big as cottages. 

In another place (p. 209), where Odoric has given a most 
eurious and veracious account of the Chinese custom of 
employing tame cormorants to catch fish, the cormorants 
are converted by Mandeville into “little beasts called loyres 
(layre, A.), which are taught to go into the water” (the word 
loyre being apparently used here for“ otter,” lutra, for which 
the Provengal is Iwia or loiria). Where Odoric, describing 
the court of the Great Khan, mentions the genuine Tartar 
custom which forbade any man in entering to set down his 
foot on the threshold of the door (an etiquette which P. 
della Valle found still in force at Ispahan in the 17th 
century), Mandeville quite fails to understand the point 

‘(see p. 220). 

At a very early date the coincidence of Mandeyille’s 
stories with those of Odorie was recognized, insomuch that 
a MS. of Odoric, which is or was in the chapter library at 
Mainz, begins with the words: Incipit Itinerarius fidelis 
fratris Odorici socii Militis Mendavil per Indiam ; licet hie 
{read ille] prius et alter posterius peregrinationem suam de- 
seripsit. At a later day Sir T. Herbert calls Odoric “ travel- 
ling companion of our Sir John”; and Purchas, with most 
perverse injustice, whilst calling Mandeville, next to Polo, 
“if next, ... the greatest Asian traveller that ever the 
world had,” insinuates that Odoric’s story was stolen from 
Mandeville’s. Mandeville himself is crafty enough, at 
least in one passage, to anticipate criticism by suggesting 
the probability of his having travelled with Odoric (see p. 
282, and below). 

Much again of Mandeyille’s matter, particularly in Asiatic 
geography and history, is taken bodily from the book of 
Hayton, an Armenian of princely family, who became a 

1 This alata is called in a French MS. ‘‘ Jehan de Bourgoigne 
dit ala Barbe.” M. Michelant once saw the title of a medical or 
botanical treatise bearing the name of Jehan de Bourgoigne. Can 
he also have written these travels under a feigned name? 

2Page indications like this refer to passages in the 1866 reissue 
of Halliwell’s edition, as being the most ready ofaccess. But all 
these passages have also been verified as substantially occurring 
in the French MS. from Lord Ashburnham’s library mentioned 
below (of 1371 A.D.), cited A, and in that numbered xxxix. of the 
Grenville collection (B. M.), which dates probably from the early 
part of the 15th century, cited G. 
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who is said in a! 


Je believe that it may, but. 
only as a small portion of the whole, and that confined | 
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monk of the Premonstrant order, and in 1307 dictated 
this work on the East in the French tongue at Poictiers, 
out of his own extraordinary acquaintance with Asia and 
its history in his own time. 

It is curious that no passage in Mandeville can be plausi- 
bly traced to Marco Polo, with one exception, This is (p. 
163) where he states that at Ormus the people, during the 
great heat, lie in water,—a circumstance mentioned by 
Polo, though not by Odoric. We should suppose it most 
likely that this fact had been interpolated in the copy of 
Odorie used by Mandeyille; for, if he had borrowed it 


| direct from Polo, he would haye borrowed more. 


A good deal about the manners and customs of the Tar- 
tars is demonstrably derived from the famous work of the 
Franciscan John of Plano Carpini (see CARPINI, vol. v. p. 
116), though possibly the immediate source for Mandeville 
may have been some popular compilation. For though the 
passages in question are all to be found in Carpini, more 
or less exactly, the expression is condensed and the order 
changed. For examples compare Mandeville, p. 250, on 
the tasks done by Tartar women, with Plano Carpini, p. 
643 ;° Mandeville, p. 250, on Tartar habits of eating, with 
Plano Carpini, pp. 639-40; Mandeville, p. 231, on the titles 
borne on the seals of the Great Khan, with Plano Carpini, 
p. 715, ete. 

The account of Prester John, and all the wonders of his 
court and realm, is taken from the famous Epistle of that 
imaginary potentate, which was so widely diffused in the 
13th century, and created that renown which made it in- 
cumbent on every traveller in Asia to assume his existence, 
and to find some new tale to tell of him. Many fabulous 
stories again of monsters, such as cyclopes, sciapodes, hip- 
popodes, monoscelides, anthropophagi, and men whose heads 
did grow beneath their shoulders, of the phcenix and the 
weeping crocodile, such as Pliny has collected, are intro- 
duced here and there, derived no doubt from the popular 
versions of Solinus. And interspersed, especially in the 
chapters about the Levant, are the stories and legends that 
were retailed to every pilgrim, such as the legend of Seth 
and the grains of paradise from which grew the wood of 
the cross, that of the shooting of old Cain by Lamech, 
that of the castle of the sparrow-hawk (which appears in 
the tale of Melusina), those of the origin of the balsam 
plants at Matariya, of the dragon of Cos, of the river Sab- 
bation. ete. 

Sven in that part of the book which may be admitted 
with probability to represent some genuine experience, 
there are distinct traces that another work has been made 
use of, more or less, as an aid in the compilation, we might 
almost say as a framework to fill up. This is the itinerary 
of the German knight William of Boldensele, written 
in 1336 at the desire of Cardinal Talleyrand de Perigord. 
A cursory comparison of this with Mandeville leaves no 
doubt of the fact that the latter has followed its thread, 
using its suggestions, and on many subjects its expressions, 
though digressing and expanding on every side, and too 
often eliminating the singular good sense of the German 
traveller. After such a comparison we may indicate as 
examples Boldensele’s account of Cyprus (Mandeville, 
p. 28, and p. 10), of Tyre and the coast of Palestine (Mande- 
ville, 29, 30, 33, 34), of the journey from Gaza to Egypt (34), 
passages about Babylon of Egypt (40) about Mecca (42), the 
general account of Egypt (45), the pyramids (52), some of 
the particular wonders of Cairo, such as the slave-market, 
the chicken-hatching stoves, and the apples of paradise, 7.¢., 
plantains (49), the Red Sea (57), the convent on Sinai (58, 60), 
the account of the church of the Holy Sepulchre (74-76), 
etc. The following may be quoted as a specimen, showing 
how Mandeville has at once followed Boldensele and devi- 
ated from his good sense. 


Boldensele (ed. Basnage, p. 342). 
“Sunt plura antiquorum mon- 
umenta, figure pyramidalis. 
inter que sunt duo miree mag- 
nitudinis et altitudinis, de max- 
imis lapidibus et politis, in 
quibus inveni secripturas diver- 
sorum idiomatum. ... Dicunt 
simplices hee maxima monu- 
menta fuisse granaria Phara- 
onis, et sie ea appellant, quod 
verum nullo modo est; quia nee 
ad imponendam nec ad servan- 
dam annonam.. . locus in 
ipsis pyramidibus aptus depre- 
henditur . verum quod 
monumenta sunt,” etc. 


Mandeville (p. 52). 

“Now also I shall speak of 
another thing. . . that is to say 
of the Garners of Joseph that he 
caused to be made. . And 
they be made of stone, full well 
made of mason’s craft; of which 
two may be marvellously great 
and high, and the other is not 
so great. . . . And above the 
Garners, without, be many 
pee eee of divers languages. 
And some say that they are 
sepulchres of great Lords . . . 
but that is not true; for all the 
common rumor and speech is 
... that they be the Garners of 
Joseph.” 


8 Viz.,in D’Avezac’s ed, in tom. iv. of Rec. de Voyages et de Mé- 
moires, pub. by the Soe. de Géog., 1839, 

47%t is found in the Thesaurus of Canisius, 1604, v. pt. ii. p. 95, 
and in ed. of same by Basnage, 1725, iv. 837. 
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It will be seen from these indications, and more particu- 
larly from the specific analysis given below, that there is 
only a small residuum of the book to which genuine char- 
acter, as containing the experiences of the author, can 
possibly be attributed. Yet, as has been intimated, the 
borrowed stories are frequently claimed as such experi- 
ences. We have already alluded to Mandeyille’s claim (p. 
4) to have visited distant parts of Asia; to have drunk of 
the Fountain of Youth, a favorite medizyal fable which 
he interpolates in Oderic’s account of Malabar (169); to his 
assertion that he had visited Lamary (Sumatra), and in- 
deed that he had gone beyond it to 33° 16’ of S. lat. (181- 
82); and that he had been at a certain other island in the 
Indian Archipelago (190). He alleges also that he had wit- 
nessed the curious exhibition of the garden of transmi- 
grated souls (described by Odoric) at Cansay, é.e., Hangchow- 
fu (211). He and his fellows with their valets had re- 
mained fifteen months in service with the emperor of 
Cathay in his wars against the king of Manzi,—Manzi, or 
Southern China, having ceased to have any existence as a 
separate kingdom some seventy years before the time re- 
ferred to. Similar false statements are found at pp. 219, 
235, 248, 271. But the most notable of these passages occurs 
in his adoption from Odoric of the story of the Valley Peril- 
ous (282). This is, in its original form, apparently founded 
on real experiences of Odoric viewed through a haze of 
excitement and superstition. Mandeville, whilst swelling 
the wonders of the tale with a variety of extravagant 
touches, appears to safeguard himself from the reader’s 
possible discovery that the tale was stolen by the inter- 
polation: “And some of our fellows accorded to enter, and 
some not. So there were with us two worthy men, Friars 
Minor, that were of Lombardy, who said that if any man 
would enter they would go in with us. And when they 
had said so, upon the gracious trust of God and of them, 
we caused mass to be sung, and made every man to be 
shriven and houselled; and then we entered, fourteen per- 
sons; but at our going out we were but nine,” etc. 

In referring to this passage it is only fair to recognize 
that the description (though the suggestion of the greatest 
part exists in Odoric) displays a good deal of imaginative 
power; and there is much in the account of Christian’s 
passage through the Valley of the Shadow of Death, in 
Bunyan’s famous allegory, which indicates a possibility 
that John Bunyan may have read and remembered this 
episode either in Mandeville or in Hakluyt’s Odoriec. 

Such a passage, however, as that which we recently 
quoted, and which appears to exist in all the MSS. and ver- 
sions that have been examined, leaves no room for the re- 
habilitation of Mandeville’s character as regards conscious 
mendacity. But it does not necessarily follow that the 
whole work is borrowed or fictitious. There are other ex- 
amples in medieval works of travel in which fiction has 
been linked to true experiences. Even the great Moorish 
traveller Ibn Batuta, accurate and veracious in the main, 
seems, in one part at least of his narrative, to invent ex- 
periences ; and in such works as those of John of Hese and 
Arnold von Harff, we have examples of pilgrims to the 
Holy Land whose narratives begin apparently in sober 
truth, and gradually pass into flourishes of fiction and ex- 
travagance. So in Mandeville also we find various particu- 
lars which we are unable to trace to other writers, and 
which may therefore be, provisionally at least, assigned to 
the writer’s own experience, or to knowledge acquired by 
colloquial intercourse in the East. 

It is difficult to decide on the character of his statements 
as to recent Egyptian history. In his account of that coun- 
try (pp. 37, 38) though the series of the Comanian (i.e., of 
the Bahri Mameluke) sultans is borrowed from Hayton 
down to the accession of Melechnasser, i.e., El-Malik el-Nasir 
Mohammed ibn Kalatn, who came first to the throne in 
1299, Mandeville appears to speak from his own knowledge 
when he adds that this ‘“‘ Melechnasser reigied long and goy- 
erned wisely.” In fact though twice displaced in the early 
part of his life, Malik Nasir reigned till 1341, a duration un- 
paralleled in Mohammedan Egypt, whilst we are told that 
during the last thirty years of his reign Egypt rose toa 
high pitch of wealth and prosperity. Mandeville, however, 
then goes on to say that his eldest son Melechemader was 
chosen to succeed, but this prince was caused privily to be 
slain by his brother, who took the kingdom under the 
name of Melechmadabron. ‘And he was Soldan when I de- 
parted from those countries.’ Now Malik Nasir Moham- 
med was followed in succession by no less than eight of his 
sons in thirteen years, the first three of whom reigned in 
aggregate only a few months. The names mentioned by 
Mandeville appear to represent those of the fourth and 
sixth of the eight, viz., El-Malik el Salih ‘Imadu-d-din, and 
El-Malik el-Muzaffar Zainu-d-din Hajj; and these the 
statements of Mandeville do not fit. 
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Among particulars which seem to suggest personal knowl- 
edge may be instanced the very good description of the 
Bedouins (p. 64), starting from that of Boldensele, but 
largely and accurately expanded ; the use of carrier pigeons 
in Syria (p. 118); the intimation that the Red Sea was fre- 
quented by Venetian merchants trading with India (p. 
140). There are some other particulars which the author 
can hardly have witnessed, but which may possibly have 
been heard in communication with other travellers (if not 
borrowed from some untraced source). Such are the prac- 
tice of polyandry in a certain island (p. 287), and the rite 
of fraternal adoption between two persons by drinking each 
other’s blood (195), The mention of Ani in Armenia with 
its thousand churches (148) is probably derived from some 
book; the city and its thousand churches are mentioned 
by William of Rubrouck. 

On several occasions the writer indicates some acquaint- 
ance with Arabic, though the words are not always recog- 
nizable, owing perhaps to the carelessness of copyists in 
such matters. ‘Thus (p. 142) he gives the Mohammedan 
confession of faith as La ellet ella Machometh rores alla (Rosel- 
ala, A.) (L4ilthaillé 14h Muhammadun rasfilu ‘14h) ; (p. 


50) the Arabic names of the wood, fruit, and sap of the bal- * 


sam plant; (p. 99) the name of bitumen, ‘“‘alkatran” (al- 
katrén); (p. 131) three titles of the Koran, viz., ‘Alkoran,” 
“Meshaf” (1.e., mishaf, “ written sheets or pages,” “a copy 
of the Koran”’), and Harme (i.e. haram, in the sense of “ sa- 
cred, inviolable’); (p. 168) the names of the three different 
kinds of pepper (long pepper, black pepper, and white pep- 
per) as sorbotin, fulful, and bano or bauo (fulful is the com- 
mon Arabic word for pepper, the others we cannot explain 
with any confidence); (p. 192) the name of the elephant 
(but in A. this runs: Lt apelle on ld les oliphans vaches). 

Mandeville again, in some passages (and especially in one 
which is familiar from its being cited by Dr. Johnson in 
the preface to his dictionary) shows a correct idea of the 
form of the earth, and of position in latitude ascertained 
by observation of the pole star; he knows that there are 
antipodes, and that ifships were sent on voyages of discoy- 
ery they might sail round the world. And he tells a 
curious story, which he had heard in his youth, how a 
worthy man did travel ever eastward until he came to his 
own country again (p. 183). But on the other hand he 
repeatedly asserts the old belief that Jerusalem was in the 
centre of the world (79-183), whilst he maintains in proof 
of this that at the equinox a spear planted erect in Jeru- 
salem casts no shadow at noon,—which if true would only 
show that the city was on the equator. 


BriefAnalysis.—Prologue. Chaps. i.-iii, The way to Constanti- 
nople; the wonders and holy places there; the Greek islands, 
Greek Church, ete, Chaps.iv—v. Constantinople and Palestine ; 
Rhodes, repens, coast of Palestine; Egypt and Babylon of Egypt; 
the Sinai desert and convent (these two chapters on the lines of 
Boldensele; succession of Ayubite and Mameluke sultans from 
Bayou) Chaps. v.-x. Palestine and the holy places ie most 
original part of the work, but based occasionally on Boldensele), 
Chap. xi. Syria, various routes from Western Europe; descrip- 
tion of Tartary (the steppe country about the Volga—very good, 
though expressly not from personal experience). Chap, xii. On 
the Saracens and their religion, Mohammed, ete.: (partly based 
on Boldensele). Chap. xiii. Countries of Asia and Africa; jour- 
ney to the East from Trebizond (this and on to chap. xx. inelu- 
sive is all based on Odoric, with interpolations ad libitum). Chap. 
xxi. The Great Khan; the history of Jenghiz and his successors 
from Hayton, with something from Plano Carpini). Chap. xxii. 
The court and splendor of the khan, his paper money, ete. (from 
Odoric). Chap. xxiii. Customs of the Tartars, ete. (chiefly from 
Plano Carpini). Chap, xxiv. Countries of Asia shortly described 
(from Hayton). Chap. xxvi. The lamb-plant (from Odoriec), with 
much added about Alexander and the shut-up nations, griffins, 
and other monsters. Chap. xxvii. The royal estate of Prester 
John (chiefly from the “ Letter” of Prester John, with something 
from Hayton); the Old Man of the Mountain (from Odoric). 
Chap. xxviii. The Valley Perilous (from Odorie, with inven- 
tions), followed bya quantity of fabulous seoere pny: of mixed 
and uncertain orietn. Chaps, xxix. and xxx. Similar hotechpotech 
continued (from the romance of Alexander, the letter of Prester 
John, Plinian fables, etc.). Chap, xxxi. The return journey from 
Cathay, ete. (from Odoric), The epilogue. 


The oldest MS. of the original is the Earl of Ashburn- 
ham’s MS. Libri xxiv., dated 1371, but nevertheless very 
inaccurate in proper names. The English version was 
made, at least as early as the beginning of the 15th cen- 
tury, from a French MS. defective between p. 36 1.7 (“And 
there”) of Halliwell’s edition and p. 621. 25 (“And that 
Valey”’), and is represented in this state by nearly every 
known English MS. It was completed and revised by two 
independent editors, neither of them later than the first 
quarter of the 15th century. One of these revisions is rep- 
resented by the British Museum MS. Egerton 1982, and the 
very badly abbreviated Bodleian MS., e Mus. 116. The 
other is represented by the British Museum MS. Cotton 
Titus C. xvi. The first printed edition of the English ver- 
sion is apparently the undated edition of Pynson. which 


a 


gives the version in its original defective shape. So do 
Wynkyn de Worde’s edition of 1499 and eleven editions 
before 1725, except that they insert a paragraph seemingly 
abbreviated from the revision represented by Cotton Titus 
C. xvi. This latter revision was, however, followed in full 
by the editions of 1725 and 1727, and is, in Halliwell’s edi- 
tions, the text now current. The other revision seems 
never to have been printed. 

That none of the forms of the English version can con- 
ceivably be from the same hand which wrote the original 
work is made patent to any critical reader by their glaring 
errors of translation, but the form now current asserts in 
‘the preface that it was made by Mandeville himself, and 
this assertion has been taken on trust by almost all modern 


historians of English literature. The words of the original 


“je eusse cest livret mis en latin . . . , mais ‘ 
je Vay mis en romant” were mistranslated as if “je eusse”’ 
meant “I had” instead of “I should have,” and then 
(whether of fraudulent intent or by the error of a copyist 
thinking to supply an accidental omission) the words were 
added “and translated it agen out of Frensche into Eng- 
lyssche.” Schodnborn and Mitzner respectively seem to have 
been the first to show that the current Latin and English 
texts cannot possibly have been made by Mandeville him- 
self. Dr. J. Vogels states the same of unprinted Latin ver- 
sions which he has discovered in the British Museum, and 
he has proved it as regards the Italian version. 

The terseness, the simplicity, and the quaintness of the 
English version, together with the curiosity of the subject- 
matter, will always make it delightful reading; but the 
title “father of English prose,” which in its stricter sense 
already belonged to King Alfred, must in its looser sense 
be now transferred to Wickliffe. 


See Schonborn’s Bibliographische Untersuchungen tiber die Reise- 
Beschreibung des Sir John Mandeville, Breslau, 1840; Miitzner’s 
Altenglische Sprachproben, I. ii. pp. 154-55; letters by E. B. Nichol- 
sonin The Academy of November 11, 1876, and February 12, 1881; 
Vogels ‘Das Verhiltniss der italienischen Version der Reisebe- 
schreibung Mandeville’s zur franzdsischen ” in a Festschrift, dem 
Gymnasium zu Moers zur Feier seines 300jtihrigen Bestehens gewidmet 
vom Lehrer Collegium des Crefelder Gymnasiwms, Bonn, 1882, and 
his forthcoming “ Handschriftliche Untersuchungen tiber Man- 
deville’s Reisebeschreibung,’”’ in Vollmdller’s Romanische Forsch- 
wngen; also for the bibliography of editions and translations, 
up to 1867, Tobler’s Bibliographia geographica Palestine. See also 

ule’s Cathay and the Way Thither (Hakluyt Society), i., 27, 28, on 
the sources of the book. At least two critical editions are under- 
stood to be in preparation—by Vogels (French and English), and 
by Michelant (French, forthe Société de Orient Latin). On a 
French ee, and other works attributed to Mandeville see 
Pannier’s Lapidaires frangais du moyen dge, Paris an SE: 189-204, 

(&. B, N—H. Y.) 


MANDI, a native state in the Punjab, India, lying 
between 31° 23% 45’” and 32° 4” N. lat., and between 
76° 40% and 77° 22’ 30’ Ki. long., and bounded on the 
N. and K. by Kullu, on the S. by Suket, and on the 
W. by Kangré. The country is very mountainous, 
being intersected by two great parallel ranges, reach- 
ing to an average height of from 5000 to 7000 feet 
above sea. The valleys between the hill ranges are 
very fertile, and produce all the ordinary grains, be- 


_ sides more valuable crops of rice, maize, sugar-cane, 
_ poppy, and tobacco. 


Salt mines contribute about one- 
third of the state revenue. Iron is found in places, 
and also gold in small quantities. The area of the state 
is estimated at about 1200 square miles, and a census 
in 1881 gives the population at 147,017. The chief, a 
Rajput by caste, enjoys an approximate income of 
£36,500, and the state pays a tribute to the British 
Government of £10,000 a year. Mandi town, the 
capital, is situated on the Bids, in 31° 43’ N. lat. and 
76° 58” Wi. long. 

MANDINGOKES, otherwise known as WANGARA- 
WA, MALINKEs, or WAKORE (the last probably their 
primitive designation), are one of the most widely 
distributed and important peoples of Western Africa 
to the north of the equator, and perhaps form the best 
representatives of the Negro stock. The country of 
Manding, from which their ordinary name is derived, 
isa Nol ag small districton both banks of the 
“Niger, about the intersection of 12° N. lat. with 9° E. 
long. A Mandingo empire, usually called after Mali, 
the chief town, which stood on the bank of the Niger to 
the north of Buré, was founded by a certain prince Ba- 
ramindana or Baramangole in the 12th century ; and its 

ower was gradually extended till, inthe reign of Mansa 

Musa (1311-31), Songhai, Timbuctoo, and, in fact, 


MANDI—MANDLA. 
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the whole of the Sudan with the exception of Genné 
on the Niger, were more or less thoroughly subjugated. 
Timbuctoo finally fell into the hands of the Berbers 
about 1433 ; but Mali remained a leading state and its 
capital a great commercial centre till the beginning of 
the 16th century, when Omar Askia, prince of Song- 
hai, captured the city. The Mali dynasty was a 
Mohammedan one; and, though some sections of the 
Mandingo race are still pagans, the greater number are 
ardent supporters of Islam. Of the present group- 
ing and relations of the states in which they are the 
dominant element detailed information does not exist ; 
but such accounts as those of Benjamin Anderson 
(Journey to Musardu, the capital of the Western Man- 
dingoes, New York, 1870) show that some of them are 
possessed of a considerable share of barbaric civilization. 
According to Dr. Quintin, the leading areas of Man- 
dingo occupation are the country watered by the great 
beadstreams of the Senegal (the Faleme, the Bafing, 
etc.), the district to the south of the lower course of 
the Gambia, and the coast region of Susu to the north 
of Sierra Leone. The Mandingoes are generally tall 
and strongly built ; black in complexion, and harsh and 
ugly in features, but with a spirited and intellectual 
expression. They are great traders, work in iron and 
gold, weave cotton cloth, tan excellent leather, and 
regularly cultivate a considerable variety of crops—rice, 
cotton, tobacco, kola, potatoes. Their clay-built walled 
towns often contain 8000 to 10,000 inhabitants, and 
villages and hamlets are thickly scattered over the 
country. 

Besides Park’s Travels (in which the Mandingoes play a 
prominent part) see Barth, Travels in Central Africa, and 
Dr. L. Quintin, “ Etude ethnogr. sur les pays entre le Séué- 
gal et le Niger,” in Bull. de la Soc. de Géogr., Paris, 1881. 


MANDLA, a district in the chief commissionership 
of the Central Provinces, India, lying between 22° 147 
and 23° 22’ N. lat., and between 80° and 81° 48’ E. 
long., is bounded on the N.H. by Rewah state, on the 
S.E. by Bilaspur, on the S.W. by Balaghat, and on the 
W. by Seoni and Jabalpur. It has an area of 4719 
square miles, and the headquarters are at Mandla 
town. ‘The district consists of a wild highland region, 
broken up by the valleys of numerous rivers and 
streams. In the lower valleys there is abundance of 
rich black cotton soil, while in the less favored valleys 
a light friable soil is found. The Nerbudda river 
flows through the centre of the district, receiving sev- 
eral tributaries which take their rise in the Maikal 
Hills, a range densely clothed with sé/ forest, and 
forming part of the great watershed between Hastern 
and Western India. The loftiest mountain is Chauréd- 
adar, about 3400 feet high. ‘Tigers and wild beasts 
abound, and the proportion of deaths caused by wild 
animals is greater in Mandla than in any other district 
of the Central Provinces. 


The census of 1872 disclosed a popnlation of 213,018 
(males, 110,473; females, 102,545). The aboriginal or hill 
tribes number more strongly in Mandla than in any other 
district of the Central Provinces, the Gonds being alone 
returned at 113,306. Mandla town, with a population of 
4936, is the only place in the district with upwards of 2000 
inhabitants. Of the total area of 4719 square miles, 556 
were returned in 1881 as cultivated, and 2530 as cultivable. 
In the same year 54,431 acres were devoted to the produc- 
tion of rice, and 75,196 to wheat, while other food grains 
occupied 199,062 acres. Fibres and sugar cane are produced 
in considerable quantities. The magnificent sé forests 
which formerly clothed the highlands of the district have 
suffered greatly from the nomadic system of cultivation 
practised by the hill tribes, who eut down and burn the 
wood on the hill-sides, and sow their crops in the ashes. 
Of late years, however, measures have been taken to pre- 
vent further damage tothe forests. The only local manu- 
facture consists in the weaving of coarse cotton cloth. The 
total gross revenue of the district in 1881 was returned at 
£21,398, of which £8999 was derived from the land. There 
are 46 Government and aided schools. The cost of officials 
and police was £6396. The district has a bad reputation 
for fever. 
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MANDOLINE. . See Luts. 

MANDRAKEH, Mandragora officinarum, L., of the 
otato family, order Solanacee, is a native of Spain, 
Bicily, Crete, Cilicia, Syria, etc., and North Africa 
(Benth. et Hook., Gen. Pl., it. p. 900; and DC., Prod., 
xiii. p. 466). It has a short stem bearing a tuft of 
ovate leaves, with a thick fleshy and often forked root. 
The flowers are solitary, with a purple bell-shaped 
corolla. The fruit is a fleshy orange-colored berry. 
The mandrake has been long known for its poisonous 
properties and supposed virtues. It acts as an emetic, 
purgative, and narcotic, and was much esteemed in 
old times; but, except in Africa and the Hast, where 
it is used as a narcotic and antispasmodic, it has fallen 
into disrepute (Pickering’s Chron. Hist. of Plants, p. 
247). In ancient times, according to Isidorus and 
Serapion, it was used as a narcotic to diminish sensibility 
under surgical operations, and the same use is men- 
tioned by Kazwinf, i. 297, s.v. ‘‘ Lufféh.’’? Shake- 
speare more than once alludes to this plant, as when 
Banquo in Macbeth says—‘‘ Or have we eaten of the 
insane root that takes the reason prisoner?’’ and again 
in Antony and Cleopatra— Give me to drink man- 
dragora.’’ The notion that the plant shrieked when 
touched, so that those who desired to pluck it up had 
to stop their ears with pitch, is alluded to in Pomeo 
and Juliet—“ And shrieks like mandrakes torn out of 
the earth, that living mortals, hearing them, run mad.”’ 
The mandrake, often growing like the lower limbs of a 
man, was supposed to have other virtues, and was 
much used for love philtres (Diosc., iv. 76), while the 
fruit was supposed, and in the Hast is still supposed, 
to facilitate pregnancy (Aug., C. Faust., xxii. 56 ; 
compare Gen. xxx. 14, where the Hebrew 0°8151 is 
undoubtedly the mandrake). Like the mallow, the 
mandrake was potent in all kinds of enchantment (see 
Maimonides in Chwolson, Ssabier, 11. 459, and the 
notes). Dioscorides identifies it with «pxaia, the root 
named after the enchantress Circe. To it appears to 
apply the fable of the magical herb Baaras, which 
cured demoniacs, and was procured at great risk or by 
the death of a dog employed to drag it up, in Josephus 
(B.J., vii. 6, 2.3). The German name of the plant 
(Alraune; O. H. G. Alrfina) indicates the prophetic 
power supposed to be in little images (homunculi, 
Goldmiinnchen, Galgenminnchen) made of this root 
which were cherished as oracles. The possession of 
such roots was thought to ensure prosperity. (See 
Dueange, s.v. ‘‘ Mandragora,’’ and Littré. ) 


Gerard in 1597 (Herball, p. 280) describes the male and 
female mandrakes. Dioscorides also recognizes two such 
plants apparently corresponding to the spring and autumn 
species (M. vernalis, Bert., and ML. officinarwm, L., respective- 
ly), differing as he says in the color of the foliage and shape 
of fruit. He alludes tothe “ ridiculous tales” and “ doltish 
dreames” about it merely to scout them. He notes that 
the root is often single, or with two to many branches. 
Even in his day, as now, the root of the wild bryony was 
trimmed to represent the human form, miscalled mandrake, 
and then sold as such to the ignorant. 


MANDRILLJ, the name of one of the most remark- 
able, at all events in outward appearance, of the Ba- 
boons, Cynocephalus maimon or mormon. The gen- 
eral characters of the genus to which it belongs are 
given in the article APE, vol. ii, p. 133. The word 
appears to have been first introduced into our litera- 
ture in a work published in 1744 called _A New Voyage 
to Guinea, by Wilkam Smith, who in an account of 
the animals of Sierra Leone describes one ‘‘ called by 
the white men in this country Mandrill,’’ but adds, 
“‘ why it is so called I know not.’’? Smith gives suf- 


1 “*Mandrill’ seems to signify a ‘man-like ape,’ the word ‘Drill’ 
or ‘Dril’ having been anciently employed in England to denote 
an Ape or Baboon. Thus in the fifth edition of Blount’s ‘Glosso- 

raphia, or a dictionary interpreting the hard words of whatsoever 
anguage now used in our refined English tongue . . . very use- 
ful for all such as desire to understand what they read,’ published 
in 1681, I find ‘ Dril, a stonecutter’s tool wherewith he bores little 
holesin marble, etc. Also a large overgrown Ape and Baboon, 
so called.’ ‘Drill’ isused in the same sense in Charlton’s Ono- 
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ficiently accurate details to show that his animal is not 
that now called Mandrill, but the Chimpanzee. Buffon, 
however, while quoting Smith’s description, transferred 
the name to the very different species now under con- 
sideration, and to that it has been attached ever 
since. 

The Baboons generally are distinguished from other 
Monkeys by the comparative equality of the length of 
their limbs, which with the structure of the vertebral 
column adapts them rather for quadrupedal progres- 
sion on the ground than for climbing among the branches 
of trees. They are also remarkable for the great size 
of their face and jaws as compared with the part of the 
skull which encloses the brain. The Mandrill, in ad- 
dition to these characters, is distinguished by the heavi- 
ness of its body, stoutness and strength of its limbs, 
and exceeding shortness of its tail, which is a mere 
stump, not 2 inches long, and usually carried erect. It 
is, moreover, remarkable for the prominence of its 
brow ridges, beneath which the small and closely ap- 
proximated eyes are deeply sunk; the immense size of 
the canine teeth; the great development of a pair of 
oval bony prominences on the maxillary bones in front 
of the orbits, rising on each side of the median line 
of the face, and covered by a longitudinally-ribbed na- 
ked skin; and more especially for the extraordinarily 
vivid coloring of some parts of the skin. 

The body generally is covered with a full soft coating 
of hair of a light olive-brown above and silvery-gray 
beneath, and the chin is furnished underneath with a 
small pointed yellow beard. The hair of the forehead 
and temples is directed upwards so as to meet in a point 
on the crown, which gives the head a triangular ap- 
pearance. ‘I'he ears are naked and of a bluish-black 
color. The hands and feet are naked and black. A 
large space around the greatly developed ischial cal- 
losities, as well as the upper part of the insides of the 
thighs, is naked and of a crimson color, shading off 
on the sides to lilae or blue, which, depending not upon 
pigment but upon injection of the superficial blood- 
vessels, varies in intensity according to the condition 
of the animal—increasing under excitement, fading 
during sickness, and disappearing after death. But it 
is in the face that the most remarkable disposition of 
vivid hues occur, more resembling those of a brilliantly 
colored flower than what might be expected in the cu- 
taneous covering of a mammal. The cheek promi- 
nences are of an intense blue, the effect of which is 
heightened by deeply sunk Jongitudinal furrows of a 
darker tint, while the central line and termination of 
the nose are a bright scarlet. Notwithstanding the 
beauty of these colors in themselves, the whole com- 
bination, with the form and expression of features, 
quite justifies Cuvier’s assertion that ‘‘il serait difficile 
de se figurer un étre plus hideux que le Mandrill.”’ 

It is only to fully adult males hes this description 
applies. The female is of much smaller size, and of 
more slender make; and, though the general tone of 
the hairy parts of the body is the same, the promi- 
nences, furrows, and coloring of the face are very much 
less marked. The young males have black faces. At 
the age of three the blue of the cheeks begins to ap- 
pear, and it is not until they are about five, when they 
cut their great canine teeth, that they acquire the 
characteristic red of the end of the nose. 

The Mandrills, especially the old males, are remark- 
able for the ferocity of their disposition, as well as for 
other disagreeable qualities, which are fully described 
in Cuvier’s account of the animal in La Ménagerie du 
Muséum d@ Histoire Naturelle (1801), but when young 
they can easily be tamed. Like the rest of the Ba- 
boons, they appear to be rather indiscriminate eaters, 
feeding upon fruit, roots, reptiles, insects, scorpions, 
etc., and inhabit open rocky ground rather than forests. 
Not much is known of the Mandrill’s habits in the wild 


masticon Zoicun, 1668. The singular etymology of the word given 
by Buffon seems hardly a probable one.”—Huxley’s Man’s Place in 
Nature, p. 10, 1863. 
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state, nor of the exact limits of its geographical dis- 
tribution. The specimens brought to Europe all come 
from the west coast of tropical Africa, from Guinea 
to the Gaboon. 

An allied species, the Drill (Cynocephalus leuco- 
phoeus), which resembles the Mandrill in size, general 
proportions, and shortness of tail, but wants the bright 
coloring of the face which makes that animal so re- 
markable, inhabits the same district. (W. H. F.) 

MANDURIA, a city of Italy in the province of 
Lecce, 22 miles east of Taranto on the rvad to Lecce, 
in the midst of a wide open country. It had 7948 
inhabitants at the census of 1871, is the seat of two 
pretty important fairs, and contains a spacious palace 
of the Francavilla family, and a fine old church with 
campanile and rose window; but the main interest of 
the place attaches to the ruins of the ancient city in 
the neighborhood. The whole circuit of the double 
line of ancient walls, built of large rectangular stones 


without mortar, can still be traced, the outer wall and | 


ditch measuring 23 feet in breadth, and the inner pas- 
sage with the inner wall about 50 feet. At Scegno, 
just outside the walls, the visitor may still see the 
ountain of Manduria, the level of which, according 
to Pliny, it was impossible to alter by any drawing out 
or pouring in of water. 

Manduria is first mentioned in connection with the death 
of Archidamus, king of Sparta, who perished in a battle 
fought under its walls in 338 B.c.: and the only other fact 
of importance in its ancient annals is the capture by Fa- 
bius Maximus in 209. Though omitted from Pliny’s list of 
towns in this region, it appears in the Tabula Peutingeri- 
ana. After the destruction of the old town by the Saracens 
the inhabitants removed to the present site, and the name 
Casalnuoyo, which they at first applied to the new settle- 
ment, was exchanged by Ferdinand I. for the original 
Manduria. 


MANES. This term, which is clearly euphemistic, 
meaning ‘‘goodies’”’ or ‘‘ good fellows,’ was applied 
by the Romans to the spirits of the departed. As in 
all nations of antiquity, and in many existing savage 
tribes, these spirits were held by them in great awe 
and veneration, as being powerful for good or for harm. 
The doctrine, whether imported from the Egyptian 
theology or of Turanian origin through the Htruscan 
tomb-builders, is closely allied to that of the Greek 
belief in the existence of the souls of heroes, ancestors, 
and generally of the ‘‘mighty dead,’ whom they 
called daipovec, but, of course, in a sense widely differ- 
ent from our notion of demons. Thus in Alischylus 
the spirits of Agamemnon and of Darius are invoked 
as daiovec, and in the Suppliant Women (24) they are 
appealed to as Bapiripoe xOdvio1, where the notion of 
‘* heavily punishing’ seems conveyed by the compound 
epithet. Generally, the dcemones were regarded as 
hostile, or at least dangerous, and_ blood-offerings 
(évaytcpo/) were made to them to propitiate their wrath, 
and to induce them to send aid or material blessings 
from the realms below. The idea appears to have 
been that the spirits ranged the earth, hungry and 
forlorn, and seeking whom they might devour. Hence 
pestilences and sudden deaths were attributed to them, 
and in this sense they came to be regarded as the ene- 
mies of the living. Victims were given to them, that 
they might not themselves make victims of whomso- 
ever they pleased. Offerings of all kinds were placed 
in the tomb and burnt on the pyre, and the rites of 
burial were, with the lamentations of surviving friends, 
thought necessary for the repose of the ghost. Hesiod, 
however, in a remarkable passage (Op. et D., 122), 
speaks of the datuovec in terms more allied to our ideas 
of ‘‘ guardian angels.’’ He says they were the souls 
or spirits of the men who lived in the golden age, and 
that their office now is to walk the earth unseen, and 
to watch the actions and conduct of man. ‘The mean- 
ing of the word demon is very obscure. Some connect 
it with df, the root of Dis, Dyaus, Zeb, Jupiter, etc., 
others with daéecy, ‘‘to allot,’ ‘‘to distribute’’ (Cur- 
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tius, Gr. Etym., i. 230), while others, with Plato ( Cra- 
tylus, p. 398, B), have supposed that dequov, ‘‘ know- 
ing,’ 1s the original sense. In a general way, daipov 
meant a man’s luck or fortune in life, and hence 
dvodaivwv and evdaiuw» are common phrases for ‘‘ un- 
fortunate ’’ and ‘‘ prosperous.’’ 

The word manes seems referable to an old adjective, 
of which there were two forms, mans and manus, 
‘good.’ From the former comes immanis, applied 
to things or persons of formidable size, power, dimen- 
sions, etc., and so ‘‘huge,’’ ‘‘savage,’’ or in any sense 
‘“uncanny.”’ The morning is mane, ‘‘the good or 
lucky time,’’ because there was an old proverb (Hesiod, 
Op. et D., 578) that morning was the best time for 
work. It is generally used as an ablative, mane novo, 
ete., yet Virgil has dum mane novwn (Georg. ili. 
325). Manus is found in the old Italian divinity 
Genita Mana, the ‘‘ good mother,”’ also called Mania 


}and Larunda, the reputed mother of the Lares or 


household gods. To this goddess Pliny tells us (NV. 
H. xxix. 58) the Romans offered in sacrifice a puppy- 
dog, catulus. In xxi. 11 he says that chaplets used to 
be offered to the manes, and in xxxiii. 2 he speaks of 
men digging mines to get wealth im sede manium, in 
the depths where the spirits reside. 

There can be no doubt that food offerings were, 
according to a widely spread superstition, offered to 
the manes, as to the Lar, to Hecate, to Trivia, and to 
other infernal powers. Thus Virgil (who is fond of 
the use of the word) says in #n. iil. 63, ‘‘aggeritur 
tumulo tellus; stant Manibus are.”’ On these altars, 
he adds, goblets of milk and the blood of victims were 
offered, though he evidently has in view the Greek 
rite of appeasing the demons. Perhaps there were 
not such solemn propitiatory sacrifices made to the 
manes as to the Greek daiuovec. But all nations have 
reverenced the spirits of their ancestors, and especially 
those nations which retain strongly patriarchal tradi- 
tions and the distinctions of caste. 

The genius was a kind of attendant on the living, 
the sharer of his fortunes, and perhaps to some extent 
regulating them, from birth to death. To indulge 
one’s genius originally meant to please him with good 
cheer, an idea that lay at the root of all primitive 
notions of sacrifice. Of this notion there is no Greek 
equivalent. It seems more nearly allied to the super- 
stition of a ‘‘double’’ or ‘‘ wraith,” a kind of alter 
ego who at once was, and was not, identical with the 
individual person. (See Hor., “ist. ii. 2, 187.) 

Between the manes and the received idea of souls 
there was a pretty close analogy. When Virgil says 
(dfn. vi. 743), ‘‘quisque suos patimur manes,’’ he 
appears to mean that the souls of all receive the 
reward of deeds done in life. There was, of course, 
a corresponding idea that the manes could be conjured 
up, and could appear as ghosts. Thus Propertius 
(41., v. 7), commencing with the verse ‘‘ Sunt aliquid 
manes, letum non omnia finit,’’ describes how the 
ghost of his Cynthia appeared to him and upbraided 
him for his faithlessness. See also Virg., dn. iv. 490 
and y. 99. Like the deiuovec, they were also supposed 
to have the power of sending dreams (¢bid. vi. 897). 

In sepulchral inscriptions, even on early Christian 
tombs, the dedication dis manibus is common, showing 
the strong tendency to deify which prevailed with the 
Romans under the empire. 

MANETHO. Manetho Sebennyta (Mavéuv, Mav- 
e0, Maveléc, Mavebat, ete., .e., Mai en Thoth, ‘‘be- 
loved by Thoth’’), Egyptian priest and annalist, was 
a native of Sebennytus (Semmeniid) in the Delta. 
fis name is connected by Plutarch with the reign of 
Ptolemy I., and he is usually stated to have written 
under Ptolemy II. Philadelphus, though the only 
authority for this is an epistle to that king of the 
Pseudo-Manetho, author of the forged Book of Sothis 
preserved by Syncellus. He was instructed in Greek 
—so Josephus tells us—and the three books of his 
Aiyurtiaxé compused in that language opened to 
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foreigners the history of Hgypt from the mythical 
period downwards, as it was preserved in the records 
of the priests. Unhappily the book is now known 
only by some lists and fragments preserved by Josephus 
in his treatise Against Apion, by Kusebius in his 
Chronica, and by Syncellus. Syncellus used the work 
of Husebius (also known to us through Jerome and 
the Armenian version!) and the lost Pentabiblon of 
Africanus. Thus the little that we know of Manetho’s 
history has reached us through a process of transcrip- 
tion and retranscription very unfavorable to the correct 
transmission of the lists of kings and dynasties, to 
which Josephus alone adds any considerable narrative 
excerpts. It seems indeed that our authorities them- 
selves used varying and partly corrupt recensions of 
the original text, and that deliberate corruptions of 
the Manethonie tradition were not wanting appears 
from the existence of the Book of Sothis cited by 
Syneellus, which was undoubtedly a spurious work. 
That Manetho himself made honest use of his Egyp- 
jan sources is generally recognized, since the Egyptian 
monuments have afforded confirmation of many, 
though by no means all, of his statements; but how 
the corrupt and varying data we now have should be 
used, or whether the Hgyptian tradition can be made 
the basis of a rational chronology of the oldest. his- 
torical period, is doubtful (see vol. vii. p. 632 sq.). 

The titles of several other books ascribed to Manetho, 
with a mass of useful material and discussion, will be 
found along with the best edition of the fragments in 
Miller’s Fragmenta Historicorum Griecorwn, ii. 511-616. An 
extant astrological poem called ‘Amors\ecnartxd bears the 
name of Manetho, but is of much later date (last edition 
by Koechly, Leipsic, 1858). See Boeckh, Manetho u. die 
Hundssternperiode, 1845; Gutschmid, in Philologus (1856), 
and Rhein. Mus., 1859; Lauth, Manetho und der Turiner 
Konigs-Papyrus, 1865; , Lieblein, Aeg. Chron. (1863) and 
Recherches sur la Chron. Eg., 1873; and in general the books 
on Egyptian history and chronology. A fuller list of rela- 
tive literature is given by Engelmann, Bibl. Scriptor. Class. 
(8th ed.), i. 507. 


MANFRED (ce. 1231-1266), regent and king of the 
Two Sicilies, a natural son of the emperor Frederick 
Il. by Bianca Lanzia, the daughter of a Lombard 
earl, was born in Sicily about 1231, and received from 
his father the title of prince of Tarentum in 1248. 
Frederick II. at his death appointed him regent of 
the Two Sicilies during the absence of his brother 
Conrad IV., and notwithstanding the hostility of 
Innocent IV., and the revolt of many nobles and 
towns in Apulia at the instigation of that pontiff, he 
was able in 1252 to hand over to Conrad an undivided 
sovereignty. On the death of the latter in 1254, 
Manfred was once more called to the regency in the 
interests of his infant nephew Conradin, and by his 
victory over the forces of Innocent IV. at Fogeia on 
December 2d of that year was able to establish his 
authority over the entire kingdom. When in 1258 
rumors had reached Sicily of the death of Conradin, 
Manfred, yielding to the solicitations of his prelates, 
barons, and people, allowed himself to be crowned at 
Palermo on August 11. Shortly afterwards envoys ar- 
rived from the mother of Conradin to say that he was still 
alive, and to demand the crown for him; but this the 
king, strong in the popularity which he had acquired by 
his brave defence of his:country, by his pleasing person, 
and by his many accomplishments, declined to give, 
promising only to preserve the crown for his nephew, 
and faithfully to bequeath it to him on his own death. 
Excommunicated in 1259 by Alexander IV., Manfred 
again resorted to arms, and overrunning the papal 
states, was made master of ‘'uscany by the battle of 
Monte Aperto (September 4, 1260). Now at the 
height of his power, he was anew excommunicated by 
Urban IV. in 1261, and in 1263 his forfeited crown 
was offered to Charles, count of Anjou, and brother of 
Louis LX. of France. Towards the end of summer in 
1265, giving effect to a crusade proclaimed by Urban, 


1 Eusebi Chronicorwm libri duo, ed. A. Schoene, Berlin, 1866-75. 
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Charles with his army entered Piedmont, but the en- 
counter with the Sicilians did not take place until 
February, 1266, at Benevento, where Manfred, filled 
with despair by the cowardly flight of his Apulians, 
spurred into the thickest of the battle and fell covered 
with wounds. His mangled body was hastily buried 
under a heap of stones near the bridge, but afterwards, 
at the instance of Pope Clement IV., was dragged out 
and Jaid in unconsecrated ground on the frontier of the 
kingdom. | 

MANFREDONTA, a seaport and city of Italy, in 
the province of Foggia, the see of an archbishop, and 
the centre of a maritime district, lies 22 miles north- 
east of Foggia, with which it is connected by railway. 
The situation, on the shores of the Gulf of Manfredo- 
nia and at the foot of Monte Gargano, is finely shel- 
tered, and the vegetation of the district is similar to 
that of Sicily. A castle dating from the 13th century 
protects the port, and the city is surrounded by walls 
and towers. ‘The principal building is the cathedral. 
Though the anchorage is available only for small ves- 
sels, a fair trade is carried on in the export of grain. 
While in 1863 there entered in all 418 vessels with a 
total burden of 20,346 tons, in 1880 the burden of the 
463 vessels was only 10,832 tons. The population of 
the commune in 1881 was 9401. 


Manfredonia is the historical representative of Sipontum, 
a Roman municipium and colony of some mark, which lay 
about 14 miles to the south. The ancient city having 
greatly declined, partly owing to the unhealthiness of its 
situation and partly to the disasters of war, Manfred trans- 
ferred its inhabitants to the present site in 1261. For a 
time Manfredonia flourished greatly, but the ravages of the 
Turks in 1620 proved fatal to its development. The site 
of Sipontum is marked by the ancient church of Santa 
Maria di Siponto. 


MANGALIA, a town on the coast of the Black Sea, 
in the south of the Dobrudja, at the head of a district 
in the new Roumanian province of Kustendji. In the 
time of Genoese supremacy in the Black Sea it was a. 
place of 30,000 inhabitants; and its population has 
again risen from a few hundreds to upwards of two thou- 
sand. According to the Corpus Jnscriptionum Lati- - 
narum, it is to be identified with the ancient Thracian 
city of Callatis (or Acervetis, as it was formerly called) 
—a colony of Miletus which continued to be a flourish- 
ing place to the close of the Roman period. 

MANGALORE, the administrative headquarters 
of south Kanara district, Madras, is situated on the 
Malabar coast, in 12° 517 40’ N. lat., 74° 52” 3677 H. 
long., with a population in 1871 of 29,667. The town 
is picturesque, clean and prosperous. ‘The native 
houses are laid out in good streets, and the Kuropean 
quarter is particularly pleasant. Mangalore clears and 
exports all the coffee of Coorg, and trades directly 
with Arabia and the Persian Gulf. In 1875 3600 
ships of 264,000 tons entered. The exports in that 
year were valued at £505,800, and the imports at 
£272,704. There is a large native Roman Catholic 
population, with two Kuropean bishops, several 
churches, and a convent. The Basel Lutheran mis- 
sion has its headquarters here, and has done much 
good in teaching trades, ete. Good cloth is woven at 
their establishment ; the making of roof tiles, printing, 
and bookbinding are also taught. 

MANGANESE, a metallic chemical element (sym- 
bol Mn; atomic weight 55) widely diffused throughout 
the mineral kingdom, being an almost constant com- 
panion of ferrous oxide, lime, and magnesia in their 
native carbonates and silicates. Of manganese min- 
erals proper—which are comparatively scarce—the most 
important is pyrolusite, the native binoxide, MnQ,. 
This is a black crystalline or crystallized solid with 
semi-metallic lustre, sufficiently soft to give a (black) 
streak on paper; hardness, 2 to 2.5; specific gravity, 4.8 
to 4.9. It is known in commerce as “‘ black oxide of 
manganese’’ or ‘‘manganese,’’ and is extensively used 
for the industrial extraction of chlorine from muriatic 
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acid. Its most extensive beds are found at Ilmenau 
and EHlgersburg, Thuringia; near Giessen, North 
Hesse; near Mihrisch-Triibau, Moravia; and in 
Spain. Almost all pyrolusite is contaminated with 
more or less of the following ‘‘ manganites ’’—general 
formula MnO,.R//O—which besides occur (in the same 
localities) as independent minerals :—dbrawnite, Mn,O, 
or MnO,MnO; manganite, or grey manganese ore, 
Mn.0;.H20; hausmaniite, MnsO, or MnO,.2MnO; 
and. psilomelan, a complex mineral, the composition 
of which generally approximates to 4MnO,, RO+2H,0, 
—the R being chiefly Ba or K,, but including in gen- 
eral more or less of Ca, Mg, and Mn. ‘These ores are 
not unlike pyrolusite in their general appearance, but 
can usually be easily distinguished from it by their 
greater hardness and other physical-properties. Closely 
allied to psilomelan are those earthy, massive, or reni- 
form mineral mixtures known as ‘‘ bog-manganese,”’ 
‘“cupreous manganese,’’ ‘‘earthy cobalt.’’ In the two 
last-named the RO is chiefly CuO and CoO respec- 
tively. We must here mention those curious forma- 
tions known as ‘‘manganese nodules,’’? which were so 
frequently dredged up by the ‘‘Challenger’’ expedi- 
tion, and with which, it seems, large areas of the 
ocean’s bed are thickly covered. The writer found in 
one of these, which seemed exceptionally rich in 
manganese, 20.12 per cent. of binoxide of manga- 
nese (fully oxidized), 0.4 of oxide of nickel, 0.25 of 
cobalt, and 0.27 of copper,—a total of 21.04 per cent. 
of the psilomelanic part, not reckoning the CaO, MeO, 
etc., belonging to it. All the manganese ores named 
are available for the manufacture of chlorine, and in- 
deed are so used, as components of what goes in the 
arts as ‘‘ manganese.”’ 


The industrial value of a ‘ manganese” depends of course, 
on its actual or virtual percentage of binoxide. A convenient 
method for its determination was worked out by Fresenius 
and Will, on the basis of a reaction long before discovered 
by Turner. When MnO is brought in contact with aque- 
ous sulphuric and oxalic acids, it is reduced to MnO (-salt) 
with formation of carbonic acid; thus MnO»-+-C.0,H2-+- 
H2S04 = 2H20-+MnOSO03-+-2C02. It is easy so to arrange 
matters that all the COz leaves the apparatus and nothing 
else, so that the weight of COs formed identifies itself 
with the loss of weight suffered by the co-reagents; and 
obviously every one gramme of CO» formed indicates 
MO = $= 0.9986 gramme of real MnOo. 

2 
tion of the free water (loss of weight suffered by the 
powdered ore at 120° C.) must accompany the assay to 
enable one to compare two analyses made at different 
times. 


For the making of manganese preparations, high 
class pyrolusite is the most convenient raw material. 

Metallic manganese may be prepared by intimately 
mixing it with lamp-black and heating the mixture to 
whiteness in a blast furnace. But the regulus thus 
obtained contains a large percentage of combined ear- 
bon. A purer metal was obtained by Deville, who 
started with perfectly pure “‘red oxide,’? Mn,O,, and 
heated it along with a proportion of sugar-charcoal in- 
~ sufficient for complete reduction in a double crucible 
made of quicklime. The unreduced oxide (MnQ) and 
part of the lime fuse together into a violet slag, from 
which the regulus is easily separated. Brunner’s 
manganese (obtained by the reduction of the fluoride 
with sodium in a clay crucible) is not manganese at all, 
but a silicide of the metal. 

Hugo Tamm, who endeavored to work out a process for 
the manufacture of the metal, gives the following process: 
—11 parts of good pyrolusite is mixed with 1 part of lamp- 
black and 6 parts of a flux consisting of 20 parts of lead- 
free hottle-glass, 7 parts of quicklime, and 7 of fluor-spar ; 
and the mixture is strongly heated, in a graphite crucible 
coated over with a mixture of 3 parts of graphite and 1 
part of clay, by means of a blast-furnace. There is formed 
a regulus covered by a green silicious slag containing much 
protoxide of manganese. The ‘‘raw” manganese thus. pro- 
duced is contaminated with about 1 per cent. each of iron, 
silicon, and carbon, and traces of sulphur, phosphorus, cal- 
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cium, and aluminium. The green slag in subsequent ope- 
rations is substituted for part of the white flux. The raw 
metal, when re-fused with about one-third of its weight of 
manganous carbonate, yielded a regulus which contained 
99.9 per cent. of the metal,—the remaining 75 per cent. 
consisting of carbon, silicon, and iron. 


Manganese metal is gray, like cast iron (Deville’s 
had a reddish hue like bismuth); its specific gravity is 
about 8; it is hard and brittle, and about as difficult 
to fuse as wrought iron. It readily tarnishes in ordi- 
nary air; even pure water, and much more dilute acid, 
attack it with evolution of hydrogen and formation of 
manganous (MnO) hydrate or salt. It is worth stating 
that neither MnO nor MnCl, is reducible at ared heat 
by hydrogen gas; yet Bunsen succeeded in obtaining 
metallic manganese by the electrolysis of aconcentrated 
solution of the chloride, using a strong current and a 
negative electrode of very small area. 

Oxides.—Pure peroxide can be obtained artificially 
by keeping the pure nitrate at 200° C. But really pure 
nitrate is hard to procure. Perhaps the only method 
for obtaining a really pure preparation is Volhard’s: 
10 grammes of ‘pure’’ (iron- and cobalt-free) manga- 
nous sulphate is dissolved in half a litre of water and 
100 em. of nitric acid of 1.2 specific gravity; the so- 
lution is heated to boiling, and strong solution of per- 
mangdnate of potash added until the MnO is nearly 
but not quite dave and the mixture kept for a while 
on a water-bath. ‘he precipitate of binoxide formed 
(according to equation Mn,O,+3MnO=5MnO,) is 
washed, first with dilute nitric acid, then with water, 
and dried (when it retains some combined water). 


When binoxide of manganese is heated to redness—in 
vacuum, air, oxygen, nitrogen—it loses oxygen with for- 
mation of lower oxides. This phenomenon was investigated 
by W. Dittmar, who found that, when the binoxide is 
heated in a constantly renewed atmosphere, the result, for 
a given temperature, depends only on the partial tension 
of the oxygen in that atmosphere. Pure (brown-red) 
Mnz304 remains when this tension is less, while (black) 
Mn.03 remains when the tension is greater than a certain 
limit value p. In Dittmar’s experiments (which were all 
made at a temperature somewhat above the melting point 
of sterling silver), the value p was found to lie close to 26 
em. of mercury. An exact determination of this critical 
point was not possible, because the temperature was not 
perfectly constant, and an increase in temperature is equiv- 
alent to a diminution in the partial tension of the oxygen. 
Hence, supposing the oxide Mn2O3 to be heated, say in 
vacuum and within a close apparatus, it will give off oxygen 
at any temperature greater than a certain minimum to, 
and at any temperature to + At the gas-evolution will come 
to a stop as soon as the tension of the gas has come up to 
the critical value p corresponding to this ty--At,—p increas- 
ing with At. 


The protoxide, MnO, is most readily obtained by 
heating any higher oxide to redness in a current of 
hydrogen gas, as a dull green powder which gets read- 
ily discolored by oxidation in ordinary air. ‘Tt is not 
acted on by water, but readily dissolves in aqueous 
acids, with formation of manganous salts, 

The sulphate, MnSO,, is prepared by making pyro- 
lusite into a paste with concentrated sulphuric acid and 
then heating in a crucible to dull redness until vapors 
of the acid cease to come off. The ferric and aluminic 
sulphates (originally present) are now, at least mostly, 
decomposed and reduced to insoluble basic salts, so 
that the residue when treated with water and filtered 
may yield a solution free of these impurities, and, of 
course, of baryta. 


Should any iron or alumina be left itis easily eliminated 
by digestion with a little carbonate of manganese (prepared 
from a small portion of the solution by precipitation with 
carbonate of soda) and filtration. Cobalt and nickel, if 
present, can be removed by fractional precipitation with 
sulphide of sodium (or H2S in the presence of MnCO3?); 
the black sulphide of Co or Ni comes down first, the (flesh- 
colored) MnS afterwards. But lime, magnesia, and alkalies 
(which are frequently present) are very difticult to get rid 
of. Compure the section on binoxide. The salt, according 
to the temperature at which it crystallizes, takes up 7 or 5» 
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or 4 or even 3 or1 HO. Crystallized sulphate of manga- 
nese generally exhibits a rose-red tint; but this is owing 
to the presence of a trace of manganie salt (if not to cobalt 
salt). The pure salt is colorless. 


The chloride, MnCl,.—The crude chloride contained 
in the preparation of chlorine from the binoxide and 
muriatic acid is purified by methods analogous to those 
explained for the sulphate. his (very soluble) salt 
crystallizes at 15°-20° C., with 4H,0. To obtain real 
MnCl, the salt must be dehydrated in a current of dry 
hydrochloric acid gas. 

The carbonate, MuCQs, is obtained by precipitating 
the solution of the sulphate or chloride e excess of 
carbonate of soda on boiling. It isa white precipitate, 
soluble in 8000 parts of water, which, when dried in 
the air, gets slightly oxidized with discoloration. 

Far more oxidizable is the hydrate, Mn(OH),, as 
obtained by precipitation of manganous solution by 
caustic alkalies. In the presence of an excess of alkali 
or other strong soluble base (such as lime, for instance) 
the oxidation progresses very rapidly, with formation, 
ultimately, of a black manganite MnO,.RO (e. g., 
MnO,.CaO). This is the rationale of the famous 
‘“Weldon Process’ for the recovery of the ‘ mangas 
nese’ from chlorine liquors (see BLEACHING PowDER). 
A mixed solution of chloride of manganese and _gal- 
ammoniac, when mixed with ammonia, gives no pre- 
cipitate; but the alkaline liquor readily absorbs oxygen 
from the atmosphere with formation of a brown pre- 
cipitate of a higher oxide. If, immediately after addi- 
tion of the ammonia, the excess of volatile alkali is 
chased away by boiling, the resulting (neutral or slightly 
acid) liquor remains clear, even in air. Hereupon is 
founded a method for the separation of ferric iron and 
alumina from manganese. 


Manganic salts, i.¢., salts of Mn2O3, are produced only 
under very special conditions. Solutions containing the 
sulphate and a phosphate respectively are obtained by heat- 
ing finely divided pyrolusite with strong sulphuric or phos- 
phorie acid. Both products dissolve in water with forma- 
tion of intensely purple solutions, which, however, are very 
unstable, showing a great tendency to pass into the man- 
ganous condition. Any manganic salt when boiled with 
hydrochloric acid gives manganous salt with evolution of 
chlorine. This tendency separates them sharply from the 
corresponding compounds of iron. 


Manganates and permanganates (compounds with 
bases of the hypothetical oxides MnO; and Mn,O,).— 
The most important of these is the manganate of 
motash, KyMnQO,. Four parts of very finely divided 
binoxide of manganese and 32 parts of chlorate of 
potash are evaporated to dryness with the solution of 
5 parts of caustic potash, and the residue ignited (not 
fused) in platinum crucibles until all the chlorate is 
decomposed. The intensely green mass, containing 
large excess of caustic alkali, dissolves in water into an 
intensely green solution from which erystals of the salt 
K,Mn0O, can be obtained; but when the alkali is neu- 
tralized by an acid, the liquor turns intensely purple 
with formation of permanganate and a precipitate of 
alkaliferous binoxide: 2K,.MnO,+2H,0 =2K MnO, 
+2KHO+2H and 2H-+ K,MnO,= H,0+ K,MnO,. 
The purple solution when alkalinized with potash con- 
taminated with organic matter reassumes its original 
green color (whence its old name of ‘“‘chamzeleon min- 
erale’’). For the preparation of permanganate of 
potash it is best to pass chlorine into the green solu- 
‘tion, when the whole of the manganese assumes the 

ermanganate form: K,MnO,+-Cl=KCl+ KMnQ, 
Brot the purple liquid crystals of permanganate are 
easily obtained by evaporation. The crystals (long 

risms) are isomorphous with perchlorate of potash, 
KO, They are soluble in 16 parts of cold and far 
less of hot water. Theyare almost black, and endowed 
with a peculiar greenish or bluish metallic lustre. Their 
powder is red. Their aqueous solution is most in- 
'tensely purple, one milligramme of the salt giving a 
perceptible color to a whole litre and more of’ water. 


MANGEL WURZEL—MANGOSTEEN. 


On addition of acid the solution, through liberation of 
Mn,0O,, becomes pink. 

Of all wet-way reagents, manganates and permanga- 
nates are the most powerful oxidizing agents, especially 
when they are employed in conjunction with free alkali, 
or (the permanganates) along with free mineral acid. 
By one or the other of the two combinations most oxi- 
dizable inorganic and almost all organic substances are 
promptly oxidized. Hence both manganates and per- 
manganates are extensively employed as disinfectants, 
and, in chemical laboratories, as oxidizing agents. For 
the former purpose impure forms of the soda salts are 
generally used, while pure permanganate of potash, 
nowadays, is exclusively employed for scientific or 
analytical laboratory work. 

The ultimate fate of the reagent depends on whether 
alkali or acid was used as an auxiliary agent. In the 
former case the salt passes successively into (green) manga- 
nate and (insoluble brown) hydrated binoxide of manga- 
nese,—three-sevenths of the oxygen in the MnO; being 
utilized. In the presence of free acid (sulphurie works 
best) the Mnz0y7 loses five-sevenths of its oxygen with for- 
mation of a colorless solution of manganous (MnO) salt. 
Hence, supposing such a change to take place promptly, 
and the reagent be added gradually, the exact point of 
completed oxidation is reached when the liquid, by the ad- 
dition of another drop of the permanganate, assumes a 
permanent pink color. This is the principle of a number 
of processes for the determination of certain reducing 
agents by means of a standard solution of permanganate. 

Analysis.—A manganiferous substance when fused up 
with carbonate of soda on platinum in the presence of air 
yields w green mass (manganate), the color being more dis- 
tinct after cooling. Manganese oxides, when fused up with 
a borax bead in the oxidizing flame, impart to it an intense 
amethyst color, which disappears in the reducing flame. 
To detect manganese in a solution of mineral salts, we first 
eliminate what can be precipitated by sulphuretted hydro- 
gen in the presence of mineral acid. In the filtrate the 
iron (if present) is oxidized by boiling with a granule of 
chlorate of potash, and the ferric oxide precipitated along 
with the alumina by addition of sal-ammoniace and excess 
of ammonia, and boiling off the free volatile alkali. From 
the filtrate the manganese is precipitated by sulphide of 
ammonium, as a sulphide which, when pure, exhibits a 
delicate flesh-red color but is readily discolored, by oxida- 
tion, when in contact with the air. Cobalt, nickel, and 
zinc, if present, go down with the manganese, but can be 
eliminated by treatment of the washed sulphides with 
acetic acid, which dissolves the manganese only. (W. D.) 
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MANGO. The mango-tree (Mangifera indica, I.., 
natural order Anacardiaccee or Terebinthacee) is a 
native of tropical Asia, but during the last hundred 
years has been extensively cultivated in the tropical 
and subtropical regions of the New as well as the Old 
World. It grows rapidly toa height of 30 to 40 feet, and 
its dense, spreading, and glossy foliage would secure its 
cultivation for the sake of its shade and beauty alone. 
Its fruit, a drupe, though in the wild variety (not to 
be confused with that of Spondias mangifera, Pers., 
belonging to the same order, also called wild mango in 
India) stringy and sour from its containing much gallic 
acid, and with a disagreeable flavor of turpentine, has 
become sweet and luscious through culture and selec- 
tion, to which we owe many varieties, differing not 
only in flavor but also in size, from that of a plum to 
that of an apple, When unripe, they are used to make 
pickles, tarts, and preserves; ripe they form a whole- 
some and very agreeable dessert. In times of scarcity, 
the kernels also are eaten. Not only the flesh and 
kernel of the fruit, but also the bark and resin are of 
some medicinal value; and the timber, although soft 
and liable to decay, serves for common purposes, and, 
mixed with sandalwood, is employed in cremation by 
the Hindus. _ It is usually propagated by grafts, or by 
layering or inarching, rather than by seed. See 
Drury’s Useful Plants of India. 

MANGOSTEEN. Garcinia Mangostana, L., is a 
tree belonging to the gamboge order (Clustacee or 
Guttifere). it is a native of the Molucca Islands, 


MANGROVE—MANICHAISM. 


but has been introduced into the other islands of the 
eastern archipelago, Ceylon, and southern Asia, and 
even the Antilles, though not without difficulty. It 
grows about 20 feet high, and is somewhat fir-like in 
general form, but the leaves are large, oval, entire, 
coriaceous, and glistening. 
mangosteen, is about the size and shape of an orange, 
and is somewhat similarly partitioned, but is of a 
reddish-brown to chestnut color. Its thick rind yields 
a very astringent juice, rich in tannin, and containing 
a gamboge-like resin. The soft and juicy pulp issnow- 
white or rose-colored, and of exceedingly delicious and 
subtle flavor and perfume. Being perfectly whole- 
some, it may be eaten freely, and administered in 
fever. G'. purpurea is known in India as mate man- 
gosteen, and Mmbryopteris glutinifera, an ebenaceous 
tree, as wild mangosteen. See Drury’s Useful Plants 
of India. 

MANGROVE. The remarkable ‘‘ mangrove for- 
ests’’ which fringe tidal estuaries, overrun salt 
marshes, and line muddy coasts in the tropics of both 
Old and New Worlds, are composed of trees and 
shrubs belonging to the Rhizophoracece, a small order 
of calycifloral exogens, mixed, however, with the 
‘‘ white mangrove,’ Avicennia, a verbenaceous plant. 
Their trunks and branches constantly emit adventitious 
roots, which, descending in arched fashion, strike at 
some distance from the parent stem, and send up new 
trunks, the forest thus spreading like a banyan grove. 
The roots and stems afford lodgment and shelter to 
innumerable bivalves, crabs, and other marine animals, 
while the branches are inhabited by aquatic birds. A 
further adyantage in dispersal, very characteristic of 
the order, is afforded by the seeds, which have a strik- 
ing peculiarity of germination. While the fruit is still 
attached to the parent branch, the long radicle emerges 
from the seed and descends rapidly towards the mud, 
where it may even establish itself before falling off. 
Owing to its clubbed shape, this is always in the right 
position, the plumule ARR making its appearance. 
The wood of some species is hard and durable, and the 
astringent bark is employedin tanning. The fruit of 
the common mangrove /?lizophora Mangle, ., is 
sweet and wholesome, and yields a light wine. See 
Treasury of Botany, and Lindley’s Vegetable King- 


dom. 

MANICHASISM. At the close of the 3d century 
three great religious systems stood opposed to one 
another in western Asia and the south of Kurope; 
these were Neo-Platonism, Catholicism, and Manichee- 
ism. All three may be described as the final results 
reached, after a history of more than a thousand years, 
by the religious development of the civilized nations 
stretching from Persia to Italy. Each had put off the 
national and particular character of the ancient re- 
ligions, and had become a world-religion, with univer- 
salizing tendencies, and with demands which in their 
effect transformed the whole of human life, both public 
and private. The place of national worship was taken 
by a system which not only aimed at being a philosophy 
of God, the world, and history, but at the same time 
embraced a definite code of ethies and a religious ritual. 
In point of form, then, the three religions were like 
each other, as they also were in this, that each had ap- 
propriated elements of older and widely different relig- 
ions. Their mutual resemblance becomes still further 
apparent when we observe that in all three the ideas 
of revelation, redemption, ascetic virtue, and im- 
mortality come into the foreground. Neo-Platonism, 
however, was the spiritualized religion of nature. 
Greek polytheism transfigured and developed into Pan- 
theism through Oriental influences and philosophical 
speculations ; Catholicism was the monotheistic univer- 
sal religion, based upon the Old Testament and the Gos- 
pel, but built up with the resources of Hellenic specula- 
tion and ethics; Manichwism was the dualistic and 
universal religion, founded on Chaldaism, but charged 
with Christian, Parsic, and perhaps Buddhistic ideas. 


Its fruit, the much-valued: 
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In Manicheeism the Hellenic element was wanting, in 
Catholicism the Chaldzeo-Persian. These three uni- 
versal religions were developed in the course of two 
centuries (¢c. 50-250 A.D.), Catholicism being the 
earliest and Manichzism the latest creation. T’o both 
of these, however, Neo-Platonism was from the outset 
inferior, because it did not possess a founder, and con- 
sequently did not develop elemental force, but retained 
the character of an artificial creation. Attempts were 
made to invent a founder for it, but these, of course, 
entirely failed. Catholicism, again, appears as superior 
to Manichzeism, even if we do not look at the contents 
of the two religions, because it honored its founder, 
not only as a bearer of revelation, but as Redeemer in 
His own person, and as the Son of God. ‘The struggle 
of Catholiciam with Neo-Platonism had been already 
decided by about the middle of the 4th century, though 
the latter maintained itself in the Greek empire for 
nearly two centuries longer. In its contest with Mani- 
cheism, the Catholic Church was from the outset 
certain of victory, being at the time the privileged 
church of the empire. But this rival se not be 
annihilated; it maintained itself both in the Kast and 
in the West, though in various forms and modifica- 


| tions, until far on in the Middle Ages. 


Mani (Mavyc, Manes, Maviyaioc, Manichezeus') is said, 
in the Acta Archelai, to have originally been 
called ‘‘ Cubricus ’’ (according to Kessler, a 
corruption of ‘‘Shuraik’’). Nothing reliable about his 
life was ever known in the Graeco-Roman empire; for 
the account in the Acta Archelai is quite inéredible, 
and shaped by the objects of its author. If criticism 
may succeed in showing the sources from which this 
account has flowed, in ascertaining the tendencies 
which have been at work in it, and thus in extracting 
some solid matter, it can only do so by starting from 
the Oriental, the Mohammedan tradition, which is 
comparatively worthy of credence. It is therefore to 
the latter alone that we must apply for information. 
According to it, Mani was a high-born Persian of 
Kebatana. The year of his birth is uncertain, but 
Kessler accepts as reliable the statement made by 
Birunf, that Mani was born in the year 527 of the 
astronomers of Babylon (215-216 A.pD.). He received 
a careful education at Ctesiphon from his father 
Fuitak (Uaréxcoc), As the father connected himself at 
a later period with the confession of the Moghtusilah, 
or ‘‘ Baptists,’’ in Southern Babylonia, the son also was 
brought up in the religious doctrines and exercises of 
this sect. These Baptists (see the /%hrist) were ap- 
parently connected with the Elkesaites and the 
Hemerobaptists, and certainly with the Mandzans. It 
is not improbable that this Babylonian sect had ab- 
sorbed Christian elements. Thus the boy early became 
acquainted with very different forms of religion. If 
eyen a small part of the stories about his father is 
founded on fact,—and there is no doubt that most of 
them are mere Manichzan legends,—it was he who 
first introduced Mani to that medley of religions out 
of which his system arose. _Manichzean tradition 
relates that Mani received revelations while yet a boy, 
and assumed a critical attitude towards the religious 
instruction that was being imparted to him. This is 
the more incredible since the same tradition informs 
us that the boy was as yet prohibited from making 
public use of his new religious views. It was only 
when Mani had reached the age of twenty-five or thirty 
years that he began to proclaim his new religion. This 
he did at the court of the Persian king, Sapor I., and 
according to the story on the coronation-day of that 
monarch (241-42). A Persian tradition says that he 
had previously been a Christian presbyter; but this is 
certainly incorrect. Mani did not remain long in 
Persia, but undertook long journeys for the purpose 
of spreading his religion, and also sent forth disci- 
ples. According to the Acta Archelai, his missionary 


1 The name has not as yet been explained, nor is it even known 
whether it be of Persian or Semitic origin. 
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activity extended westwards into the territory of the 
Christian church; but from Oriental sources it is cer- 
tain that Mani rather went into ‘Transoxania, western 
China,‘ and southwards as far as India. _ His labors 
there as well as in Persia were not without result. 
Like Mohammed after him and the founder of the 
Elkesaites before him, he gave himself out for the last 
and highest prophet, who was to surpass all previous 
divine revelation, which only possessed a relative value, 
and to set up the perfect religion. In the closing years 
of the reign of Sapor I. (c. 270) Mani returned to the 
Persian capital, and gained adherents even at court. 
But the dominant priestly caste of the Magians, on 
whose support the king was dependent, were naturally 
hostile to him, and after some successes Mani was 
made a prisoner, and had then to flee. The successor 
of Sapor, Hormuz (272-273), appears to have been 
favorably disposed towards him, bat Bahram I. aban- 
doned him to the fanaticism of the Magians, and 
caused him to be crucified in the capital in the year 
276-7. ‘The corpse was flayed, and Mani’s adherents 
were cruelly persecuted by the king. 

Mani himself composed a large number of works and 
epistles, which were in great part still known 
to the Mohammedan historians, but are 
now lost. ‘The later heads of the Mani- 
chzean churches also wrote religious treatises, so that 
the ancient Manichezan literature must have been very 
extensive. According to the F’hrist, Mani made use 
of the Persian and Syriac languages; but, like the 
Oriental Marcionites before him, he invented an alpha- 
bet of his own, which the /’hrist has handed down to 
us. In this alphabet the sacred books of the Mani- 
cheeans were written even at a later period. ‘he 
Fihrist reckons seven principal works of Mani, six 
being in the Syriac and one in the Persian language ; 
regarding some of these we also have information in 
Epiphanius, Augustine, Titus of Bostra, and Photius, 
as well as in the formula of abjuration (Cotelerius, PP. 
Apost. Opp., i. 543) and in the Acta Archelai. They 
are (1) Uhe Book of Secrets (see Acta Archel.), con- 
taining discussions bearing on the Christian sects spread 
throughout the East, especially the Marcionites and 
Bardesanites, and dealing also with their conception 
of the Old and New Testaments; (2) Zhe Book of the 
Giants (Demons?); (3) Uhe Book of Precepts for 
Hearers (probably identical with the Epistola Funda- 
menti of Augustine, and with the Book of Chapters 
of Kpiphanius and the Acta Archela’; this was the 
most widely spread and most popular Manicheean work, 
haying been translated into Greek and Latin; it con- 
tained a short summary of all the doctrines of funda- 
mental authority); (4) Zhe Book Shdahpirakdn 
(Fliigel was unable to explain this name; according to 
Kessler it signifies ‘‘ epistle to King Sapor’’; the trea- 
tise was of an eschatological character); (5) The Book 
of Quickening (Kessler identifies this work with the 
“Thesaurus [vite]’’ of the Acta Archela’, Epipha- 
nius, Photius, and Augustine, and if this be correct, 
it also must have been in use among the Latin 
Manichzans) ; (6) The Book rpayuareia (of unknown 
contents); (7) a book in the Persian language, the 
title of which is not given in our present. text of the 
Fihrist, but which is in all probability identical with 
the ‘‘ holy gospel’’ of the Manicheeans (mentioned in 
the Acta Arciel. and many other authorities). It was 
this work which the Manichzeans set up in opposition to 
the Gospeis. Besides these principal works, Mani also 
wrote a large number of smaller treatises and epistles. 
The practice of writing epistles was continued by his 
successors. ‘These Manicheean dissertations also became 
known in the Graeco-Roman empire, and existed in 
collections.' There also existed a Manichaean book of 
memorabilia, and of prayers, in Greek, as well as many 


Mani’s 
writings. 


1 A BiBdiov émcoroA@v isspoken of in the formula of abjuration, 
and an Epistola ad virginem Mencch by Augustine. Fabricius has 
collected the ‘“ Greek fragments of Manichan Epistles” in his 
Bibliotheca Grexca (vii. p. 311 sq.) 
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others,” all of whicn were destroyed by the Christian 
bishops acting in conjunction with the authorities. A 
Manichean epistle, addressed to one Marcellus, has, 
however, been preserved for us in the Acta Archelai.§ 

Though the leading features of Manichzean doctrine 
can be exhibited clearly even at the present 
day, and though it is undoubted that Mani 
himself drew up a complete system, many 
details are nevertheless uncertain, since they are dif- 
ferently described in different sources, and it often re- 
mains doubtful which of the accounts that have been 
transmitted to us represents the original teaching of the 
founder. 

The Manichzean system is one of consistent, uncom- 
promising dualism, in the form of a fantastic philosophy 
of nature. The physical and the ethical are not distin- 
guished, and in this respect the character of the system 
is thoroughly materialistic ; for when Mani coordinates 
good with light, and evil with darkness, this is no mere 
figure of speech, but light is actually the only good, 
and darkness the only evil. Trom this it follows that 
religious knowledge can~be nothing else than the 
knowledge of nature and her elements, and that re- 
demption can only consist in a physical process of free- 
ing the element of light from the darkness. Under 
such circumstances ethics becomes a doctrine of absti- 
nence in regard to all elements which have theirsource 
within the sphere of darkness. 

The self-contradictory character of the present world 
forms the point of departure for Mani’s speculations. 
This contradiction presents itself to his mind primarily 
as elemental, and only in the second instance as ethical, 
inasmuch as he considers the sensual nature of man to 
be the outflow of the evil elements in nature. From 
the contradictory character of the world he concludes 
the existence of two beings, originally quite separate 
from each other—light and darkness. Hach is to be 
thought of according to the analogy of a kingdom. 
Light presents itself to us as the good primal spirit 
(God, radiant with the ten iisrelie! virtues of love, 
faith, fidelity, high-mindedness, wisdom, meekness, 
knowledge, understanding, mystery, and insight), and 
then further as the heavens of light and the earth of 
light, with their guardians the glorious eons. Dark- 
ness 1s likewise a spiritual kingdom (more correctly, it 
also is conceived of as aspiritual and feminine personi- 
fication), but it has no ‘‘God”’ at its head. It em- 
braces an ‘‘earth of darkness.’ As the earth of light 
has five tokens (the mild zephyr, cooling wind, bright 
light, quickening fire, and clear water), so has the 
earth of darkness also five (mist, heat, the sirocco, 
darkness, and vapor). Satan with his demons was 
born from the kingdom of darkness. These two king- 
doms stood opposed to each other from all eternity, 
touching each other on one side, but remaining un- 
mingled. Then Satan began to rage, and made an 
incursion into the kingdom of light, into the earth of 
light. The God of light, with his syzygy, ‘‘ the spirit 
of his right hand,’’ now begot the primal man, and 
sent him, equipped with the five pure elements, to 
fight against Satan. But the latter proved himself the 
stronger, and the primal man was for a moment van- 
quished. And, although the God of light himself now 
took to the field, and with the help of new zeons (the 
spirit of life, ete.), inflicted total defeat upon Satan, 
and set the primal man free, the latter had already 
been robbed of part of his light by the darkness, and 
the five dark elements had already mingled themselves 
with the generations of light. It only remained now 
for the primal man to descend into the abyss, and pre- 
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system, 


2 The Canticum amatorium is cited by Augustine. 

3 Zittwitz assumes that this epistle was in its original form of 
much larger extent, and that the author of the Acts took out of 
it the matter for the speeches which he makes Mani deliver dur- 
ing his disputation with Bishop Archelaus. The same scholar 
traces back the account by Turbo in the Acts, and the historical 
data given in the fourth section, to the writings of Turbo, a Me- 
sopotamian, whois assumed to have been a Manichean renegade 
pei a eee But as to this difference of opinion is at least 
allowable. 
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vent the further increase of the generations of dark- | first brought full knowledge. He is the “‘ leader,’ the 


ness by cutting off their roots; but he could not im- 
mediately separate again the elements that had once 
mingled. These mixed elements are the elements of 
the present visible world, which was formed from them 
at the command of the God of light. The forming 
of the world is in itself the beginning of the deliver- 
ance of the imprisoned elements of light. The world 
is represented as an orderly structure of various heavens 
and various earths, which is borne and supported by 
the zons, the angels of light. It possesses in the sun 
and moon, which are in their nature almost quite pure, 
large reservoirs, in which the portions of light that 
have been rescued are stored up. In the sun dwells 
the primal man himself, as well as the glorious spirits 
which carry on the work of redemption; in the 
moon the mother of life is enthroned. ‘The twelve 
constellations of the zodiac form an ingenious machine, 
a great wheel with buckets, which pour into the sun 
and moon, those shining ships that sail continually 
through space, the portions of light set free from the 
world. Hera they are purified anew, and attain finally 
to the kingdom of pure light and to God himself. The 
later Western Manichzeans termed those portions of 
light which are scattered throughout the world—in its 
elements and organisms—awaiting their deliverance, 
the Jesus patibilis. 

It is a significant mark of the materialistic and in- 
human character of the system that, while the forma- 
tion of the world is considered as a work of the good 
spirits, the creation of man is referred to the princes 
of darkness. The first man Adam was engendered 
by Satan in conjunction with “‘sin,’’ ‘‘cupidity,”’ 
“desire.”? But the spirit of darkness drove into him 
all the portions of light he had stolen, in order to be 
able tocdominate them the more securely. Hence Adam 
is a discordant being, created in the image of Satan, 
but carrying within him the stronger spark of light. 
Eye is given him by Satan as his companion. She is 
seductive sensuousness, though also having in her a 
small spark of light. But if the first human beings 
thus stood entirely under the dominion of the devil, 
the glorious spirits took them under their care from 
the very outset, sending zeons down to them (including 
Jesus), who instructed them regarding their nature, and 
in particular warned Adam against sensuality. But 
this first man fell under the temptation of sexual de- 
sire. Cain and Abel indeed are not sons of Adam, 
but of Satan and Eve; Seth, however, who is full 
of light, is the offspring of Adam by Hve. Thus did 
mankind come into existence, its various members pos- 
sessing very different shares of light, but the men hay- 
ing uniformly a larger measure of it than the women. 
In the course of history the demons sought to bind 
men to themselves by means of sensuality, error, and 
false religions (among which is to be reckoned above all 
the religion of Moses and the prophets), while the 

-spirits of light carried on their process of distillation 
with the view of gaining the pure light which exists in 
the world. But these good spirits can only save men 
by imparting to them the true gnosis concerning nature 
and her forces, and calling them away from the service 
of darkness and sensuality. To this end prophets, 
preachers of true knowledge, have been sent into the 
world. Mani, following the example of the gnostic 
Jewish Christians, appears to have held Adam, Noah, 
Abraham (perhaps Zoroaster and Buddha) to be such 
prophets. Probably Jesus was also accounted a 
prophet who had descended from the world of light, 
not, however, the historical Jesus, the devilish Messiah 
of the Jews, but a contemporaneous phantom Jesus, 
who neither suffered nor died (Jesus impatibilis), Ac- 
cording to the teaching of some Manichzeans, it was 
the primal man _ who disseminated the true gnosis in 
the character of Christ. But at all events Mani him- 
self, on his own claim, is to be reckoned the last and 
greatest prophet, who took up the work of Jesus im- 
patibilis and of Paul (for he too finds recognition), and 


‘ambassador of the light,’’ the ‘‘ Paraclete.’’ It is 
only through his agency and that of his imitators ‘‘ the 
elect,”’ that the separation of thé light from the dark- 
ness can be completed. The system contains very 
fantastic descriptions of the processes by which the 
portions of light when once set free finally ascend even 
to the God of light. He who during his lifetime did 
not become one of the elect, who did not completely 
redeem himself, has to go through a severe process of 
purification on the other side of the grave, till he too 
is gathered to the blessedness of the light. It is erro- 
neous, however, toascribe, as has been done, a doctrine 
of transmigration to the Manicheeans. Of course 
men’s bodies as well as the souls of the unsaved, who 
according to the oldest conception have in them no 
light whatever, fall under the sway of the powers of 
darkness. A later view, adapted to the Christian one, 
represents the portions of light in the unsaved ag ac- 
tually becoming lost. When the elements of light 
have at last been completely, or as far as possible, 
delivered from the world, the end of all things comes. 
All glorious spirits assemble, the God of light himself 
appears, accompanied by the zons and the pertected 
just ones. The angels supporting the world withdraw 
themselves from their burden and everything falls in 
ruins. A tremendous conflagration consumes the 
world ; the perfect separation of the two powers takes 
place once more ; high above is the kingdom of' light, 
again brought into a condition of completeness, and 
deep below is the (? now powerless) darkness. 

On the basis of such a cosmical philosophy, ethics 
can only havea dualistic ascetic character. 
Manichzean ethics is not merely negative, 
however, since it is necessary to cherish, 
strengthen, and purify the elements of light, 
as well as free oneself from the elements of 
darkness. The aim is not self-destruction, 
but self¢preservation ; and yet the ethics of Manicheeism 
appears in point of fact as thoroughly ascetic. ‘The 
Manicheean had above all to refrain from sensual 
enjoyment, shutting himself up against it by three 
seals, the signaculum oris, manus, and stnus. The stg- 
naculum ors forbids all eating of unclean food (which 
included all bodies of animals, wine, ete., —vegetable 
diet being allowed because plants contained more light, 
though the killing of plants, or even plucking their 
fruit and breaking their twigs, was not permitted), as 
well as all impure speech. The signaculum manus 
prohibits all trafic with things generally, in so far as 
they carry in them elements of darkness. Finally by 
the signaculum sinus every gratification of sexual desire, 
and hence also marriage is forbidden. Besides all this, 
life was further regulated by an exceedingly rigorous 
system of fasts. Certain astronomical conjunctions de- 
termined the selection of the fast-days, which in their 
total number amounted to nearly a quarter of the year. 
Sunday was regularly solemnized as one, and the prac- 
tice was also generally observed on Monday. ours 
of prayer were determined with equal exactness. ‘The 
Manicheean had to pray four times a day, each prayer 
being preceded by ablutions. The worshipper turned 
towards the sun, or the moon, or the north, as the 
seat of light; but it is erroneous to conclude from this, 
as has been done, that in Manicheism the sun and 
moon were themselves objects of worship. Forms of 
prayer used by the Manichzeans have been preserved 
to us in the Mihrist. The prayers are addressed to the 
God of light, to the whole kingdom of light, to the 
glorious angels, and to Mani himself, who is apostro- 
phized in them as ‘‘the great tree, which is all salva- 
tion.’’ According to Kessler, these prayers are closely 
related to the Mandeean and the ancient Babylomian 
hymns. An asceticism so strict and painful as that 
demanded by Manichzeism could only * practised by 
few; hence the religion must have abandoned all at- 
tempts at an extensive propaganda, had it not conceded 
the principle of a twofold morality. A distinction was 
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made in the community between the Eecti (Perfecti), 
the perfect Manichzeans, and the Catechumeni (Audi- 
tores), the secular Manichzeans. Only the former sub- 
mitted themselves to all the demands made by their 
religion ; for the latter the stringency of the precepts 
was relaxed. They had to avoid idolatry, sorcery, 
avarice, falsehood, fornication, ete.; above all, they 
were not allowed to kill any living being (the ten com- 
mandments of Mani). They had also to free themselves 
as much as possible from the world ; but in truth they 
lived very much as their non-Manichezean fellow-citizens. 
We have here essentially the same condition of things 
asin the Catholic Church, where a twofold morality 
was also in force, that of the religious orders and that 
of secular Christians,—only that the position of the 
electi in Manicheism was a more distinguished one 
than that of the monksin Catholicism. For, after all, 
the Christian monks never quite forgot that salvation 
is given by God through Christ, whereas the Mani- 
cheean electi were actually themselves redeemers. 
Hence it was the duty of the auditores to pay the 
greatest respect and most assiduous attention to the 
electi. These ‘‘ perfect ones,’’ wasting away under 
their asceticism, were objects of admiration, and of the 
most elaborate solicitude.! Food was presented to 
them in abundance, and by their eating it the electi 
set free the portions of light from the vegetables. 
They prayed for the auditores, they blessed them and 
interceded for them, thereby shortening the process of 
purification the latter had to pass through after death. 
t was only the electi, too, who possessed full know- 
ledge of religious truths, a point of distinction from 
Catholicism. 

The distinction between electi and auditores, how- 
ever, does not exhaust the conception of the Manichaean 
Church; on the contrary, the latter possessed a hier- 
archy of three ranks, so that there were altogether five 
gradations in the community. These were regarded 
as a copy of the ranks of the kingdom of light. At the 
head stood the teachers (‘‘the sons of meekness,’’? Mani 
himself and his successors) ; then follow the adminis- 
trators (‘‘ the sons of knowledge,’’ the bishops) ; then 
the elders (‘‘ sons of understanding,’’ the presbyters) ; 
the electi (‘‘the sons of mystery’); and finally the 
auditores (‘‘the sons of insight’). The number of 
the electi must always have been small. According to 
Augustine the teachers were twelve, and the bishops 
seventy-two in number. One of the teachers appears 
to have occupied the position of superior at the head 
of the whole Manichzean Church. Atleast Augustine 
speaks of such a personage, and the Fihrist also has 
knowledge of a chief of all Manichzeans. The consti- 
tution, therefore, had a monarchic head. 

The worship of the Manicheeans must have been 
very simple, and must have essentially consisted of 
prayers, hymns, and ceremonies of adoration. This 
simple service promoted the secret dissemination of 
their doctrines. The Manicheeans too, at least in the 
West, appear to have adapted themselves to the 
church’s system of festivals. The electi celebrated 
special feasts; but the principal festival with all classes 
was the ‘‘ Bema’’ ($7uc) the feast of the ‘‘teacher’s 
chair,’’ held in commemoration of the death of Mani 
in the month of March. The faithful prostrated them- 
selves before an adorned but empty chair, which was 
raised upon a podium of five steps. Long fasts ac- 
companied the feasts. The Christian and Mohamme- 
dan historians could learn little of the Manichzean 


mysteries and ‘‘sacraments,’’ and hence the former} 


charged them with obscene rites and abominable usages. 
It may be held as undoubted that the later Manichzeans 
celebrated mysteries analogous to Christian baptism 
and the Lord’s Supper, which may have rested upon 
ancient consecration rites and other ceremonies, insti- 


1 Analogous to this is the veneration in which the Catholic 
monks and the Neo-Platonic ‘‘ philosophers” were held, but the 
prestige of the Manichean electi was greater than that of the 
monks and the philosophers. 
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tuted by Mani himself and having their origin in na- 
ture worship. 

From the foregoing account it will be evident, as 
indeed from modern investigation it is cer- 


tain, that Manicheeism did not originate on Historical 
Christian ground. It would bemore proper — y0 
to speak of Mohammedanism than of Mani- _—_cheism. 


cheeism as a Christian sect ; for Mohammed 

stands in a far closer relation to the Jewish and Chris- 
tian religions than did Mani. It is Kessler’s merit to 
have shown that the ancient Babylonian religion, the 
original source of all the gnosis of western Asia, was 
the basis of the Manichzean system. Hence the erro- 
neousness of the assumption, which formerly prevailed, 
that Manicheeism was a reform movement of Parsism, 
a modification of Zoroastrianism under the influence 
of Christianity. Manichaeism is a system which rather 
belongs to the Semitic group of religions. It is the 
Semitic religion of nature, withdrawn from national 
limits, modified by Christian and Persian elements, 
elevated into a gnosis, and transforming human life by 
the influence of stringent regulations. But the recog- 
nition of this fact only supplies us with a very general 
explanation of the origin of Manicheism. The ques- 
tion still remains, through what channels and to what 
extent Mani adopted those Persian and Christian ele- 
ments, and further, in what form the ancient nature 
religion of Babylonia was utilized by him. As far as 
the latter point is concerned it is known that, two 
centuries before Mani, the Semitic nature-religions had 
already been taken up by various enthusiastic or specu- 
lative spirits, who had given them philosophic depth 
and moulded them into ‘‘ systems,’’ which were propa- 
gated with the aid of mysterious rites. _Mani’s under- 
taking, then, was by no means a noyel one, but was 
rather the last in a long series of similar efforts. Again, 
even in the earlier of these attempts, from that of 
Simon Magus onward, Christian elements had been 
adopted to a greater or less extent; and the sects of 
the Christian gnostic schools of Syria and western Asia 
may all be traced back to the nature-religions of an- 
cient Semitism, transformed into a philosophy of the 
world and of life. It is the Babylonian sect of the 
Moghtasilah that seems to have furnished Mani with 
the matter of his religious philosophical speculations, 
and the religion of this sect was purely Semitic (see 
MANnp@&ANS; the Mandzeans were related to the 
Moghtasilah). This was the source of the thorough- 
going dualism which forms the basis of Mani’s system ; 
for the ancient Persian religion was not essentially 
dualistic, but was at bottom monistic, since Ahriman 
is created by Ormuzd. At the same time Mani turned 
the theologumena of ancient Persia also to account. 
The fact that the two opposed elements are called 
“light”? and ‘‘darkness’’ can hardly be independent 
of Parsism, and Manicheeism uses other termint technict 
of the Persian religion. Whether Mani’s idea of re- 
demption is to be traced to the ancient Babylonian or 
to the Zoroastrian religion we do not venture to decide. 
The idea of ‘‘the prophet’’ and ‘‘the primal man”’ 
is at all events Semitic. 

It is very difficult to determine what was the extent 
of Mani’s knowledge of Christianity, how much he 
himself borrowed from it, and through what channels 
it reached him. In any case it is certain that Mani- 
cheeism, in those districts where it was brought much 
into contact with Christianity, became additionally in- 
fluenced by the latter at a very early period. The 
Western Manichzeans of the 4th and 5th centuries are 
much more like Christians than their Eastern brethren. 
In this respect Manichzeism experienced the same kind 
of development as Neo-Platonism. As regards Mani 
himself, it is safest to assume that he held both Judaism 
and Catholic Christianity to be entirely false religions. 
It is indeed true that he not only described himself as 
the promised Paraclete—for this designation probably 
originated with himself—but also conceded a high place 
in his system to ‘‘ Jesus ;’’ we can only conclude from 
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this, however, that he distinguished between Chris- 
tianity and Christianity. The religion which had pro- 
ceeded from the historical Jesus he repudiated together 
with its founder, and Catholicism as well as Judaism 
he looked upon as a religion of the devil. But he 
distinguished between the Jesus of darkness and the 
Jesus of light who had lived and acted contemporane- 
ously with the former. This distinction agrees with 
that made by the gnostic Basilides no less strikingly 
than the Manichzean criticism of the Old Testament 
does with that propounded by the Marcionites (see the 
Acta Archelai, in which Mani is made to utter the 
antithesis of Marcion). Finally the Manichzean doc- 
trines exhibit points of similarity to those of the Chris- 
tian EHlkesaites; but, as it is possible, and even proba- 
ble, that such resemblances are to be erabes! to a 
common ancient Semitic source, they do not here call 
for further consideration. The historical relation of 
Mani to Christianity is then as follows. From Catho- 
licism, which he very probably had no detailed knowl- 
edge of, he borrowed nothing, rejecting it as devilish 
error. On the other hand, he looked upon what he 
considered to be Christianity proper, that is, Chris- 
tianity as it had been developed among the sects of 
Basilidians, Marcionites, and perhaps Bardesanites, as 
a comparatively valuable and sound religion. He took 
from it, however, as from the Persian religion, hardly 
anything but names, and, perhaps we may add, a 
criticism of the Old T'estament and of Judaism so far 
as he required it. Indications of the influence of 
Marcionitism are found in the high estimation in which 
Mani held the apostle Paul, and in the fact that he ex- 
plicitly rejects the Book of Acts. Mani appears to 
have given recognition to a portion of the historical 
matter of the Gospels, and to have interpreted it in 
accordance with his own doctrine. In conclusion, it 
remains to be asked whether Buddhistic elements can 
also be detected in Manichzism. Most modern scholars 
since Ff’, C. Baur have answered this question in the 
affirmative. According to Kessler, Mani made use of 
the teaching of Buddha, as least as far as ethics was 
concerned. It cannot be doubted that Mani, who 
undertook long journeys as far as India, knew of Buddh- 
ism. The name Buddha (Buddas) which occurs in 
the legendary account of Mani, and perhaps in the 
latter’s own writings, indicates further that he had oc- 
cupied his attention with Buddhism when engaged in 
the work of founding his new religion. But his bor- 
rowings from this source must have been quite insig- 
nificant. A detailed comparison shows the difference 
between Buddhism and Manichzeism in all their prin- 
cipal doctrines to be very great, while it becomes evi- 
dent that the points of resemblance are almost every- 
where accidental. ‘This is also true of the ethics and 
the asceticism of the two systems. There is not a 
single point in Manicheeism which demands for its ex- 
planation an appeal to Buddhism. Such being the 
case, the relationship between the two religions remains 
a mere possibility, a possibility which the inquiry of 
Geyler (Das System des Manichceismus und sein Ver- 
héliniss zum Buddhismus, Jena, 1875) has not been 
able to elevate into a probability. 

How are we to explain the rapid spread of Mani- 
cheeism, and the fact that it really became one of the 
great religions? One answer is that Manicheeism was 
the most complete gnosis, the richest, most conse- 
quent, and most artistic system formed on the basis of 
the ancient Babylonian religion (so Kessler), ‘This 
explanation is insufficient, for no religion operates 
mainly through the perfection of its system of doc- 
trine; and it is not strictly correct, for the older gnos- 
tic systems were not less richly equipped than the 
Manichzan. What gave strength to Moraeetisticn was 
rather that it united an ancient mythology and a 
thorough-going materialistic dualism with an exceed- 
ingly simple spiritual worship and a strict morality. 
On comparing it with the Semitic religions of nature, 
we perceive that it retained their mythologies, after 
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transforming them into ‘‘ doctrines,’’ but abolished all 
their sensuous cultus, substituting instead a spiritual 
worship as well as a strict morality. Manichzeism was 
thus able to satisfy the new wants of an old world. It 
offered revelation, redemption, moral virtue, and im- 
mortality, spiritual benefits on the basis of the religion 
of nature. A further source of streneth lay in the 
simple yet firm social organization which was given by 
Mani himself to his new institution. The wise man 
and the ignorant, the enthusiast and the man of the 
world, could all find acceptance here, and there was 
laid on no one more than he was able and willing to 
bear. Hach one, however, was attached and led on- 
ward by the prospect of a higher rank to be attained, 
while the intellectually gifted had. an additional in- 
ducement in the assurance that they did not require to 
submit themselves to any authority, but would be led 
to God by pure reason. Thus adapted from the first 
to individual requirements, this religion also showed 
itself able to appropriate from time to time foreign ele- 
ments. Originally furnished from fragments of vari- 
ous religions, it could increase or diminish this posses- 
sion without rupturing its own elastic framework. 
And, after all, great adaptability is just as necessary 
for a universal religion as a divine founder in whom 
the highest revelation of God Himself may be seen 
and reverenced. Manicheeism indeed, though it ap- 
plies the title ‘‘redeemer’’ to Mani, has really no 
knowledge of a redeemer, but only of a physical and 
gnostic process of redemption; on the other hand, it 
possesses in Mani the supreme prophet of God. If we 
consider in conclusion that Manichzism gave a simple, 
apparently profound and yet convenient solution of the 
problem of good and evil, a problem that had become 
peculiarly oppressive to the human race in the 2d and 
3d centuries, we shall have named the most important 
factors which account for the rapid spread of the 
system. 

Manicheeism first gained a firm footing in the East, 
.e., in Persia, Mesopotamia, and Transoxania. The 
persecutions it had to endure did not hinder its exten- 
sion. The seatof the Manichzean pope was gy con of 
for centuries in Babylon, at a later period the history 
in Samarkand. . Hven after the conquestsof of Mani- 
Islam the Manichzean Church continued to — “2#S™. 
maintain itself, indeed it seems to have become still 
more widely diffused by the victorious campaigns of 
the Mohammedans, and it frequently gained secret ad- 
herents among the latter themselves. Its doctrine and 
discipline underwent little change in the Hast ; in par- 
ticular, it drew no nearer to the Christian religion. 
More than once, however, Manicheism experienced 
attempts at reformation; for of course the auditores 
very easily became worldly in character, and move- 
ments of reformation led temporarily to divisions and 
the formation of sects. Towards the close of the 10th 
century, at the time the A’%/rist was written, the Mani- 
cheeans in Mesopotamia and Persia had already been 
in large measure ousted from the towns, and had 
withdrawn to the villages. But in Turkestan, and as 
far as the Chinese frontier, there existed numerous 
Manichzean communities, and even whole tribes that 
had adopted the name of Mani. Probably it was the 
great migrations of the Mongolian race that first put 
an end to Manichzeism in Central Asia. But even in 
the 15th century there were Manichzeans living beside 
the Thomas-Christians on the coast of Malabar in 
India (see Germann, Die Thomas-Christen, 1875). 
Manichzeism first penetrated the Greek-Roman empire 
about the year 280, in the time of the emperor Probus 
(gee the Chronicon of Busebius). If we may take the 
edict of Diocletian against the Manicheeans as genuine, 
the system must have gained a firm footing in the 
West by the beginning of the 4th century, but we 
know that as late as about the year 325 Husebius had 
not any accurate knowledge of the sect. It was only 
subsequent to about 330 that Manicheism spread 
rapidly in the Roman empire. Its adherents were 
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recruited on the one hand from the old gnostic sects 
(especially from the Marcionites, ~Manicheeism exerted 
besides this a strong influence on the development of 
the Marcionite churches of the 4th century), on the 
other hand from the large number of the ‘‘ cultured,”’ 
who were striving after a ‘‘rational’’ and yet in some 
manner Christian religion. Its polemics and its criti- 
cism of the Catholic Church now became the strong 
side of Manichzism, especially in the West. It ad- 
mitted the stumbling-blocks which the Old Testament 
offers to every intelligent reader, and gave itself out as 
a Christianity without the Old Testament. Instead 
of the subtle Catholic theories concerning divine pre- 
destination and human freedom, and instead of a dif_i- 
cult theodiczea, it offered an exceedingly simple con- 
ception of sin and goodness. The doctrine of the 
incarnation of God, which was especially objectionable 
to those who were going over to the new universal 
religion from the old cults, was not proclaimed by 
Manichzism. In its rejection of this dostitne Mani- 
cheism agreed with Neo-Platonism ; but, while the 
latter, notwithstanding all its attempts to conform it- 
self to Christianity, could find no formula by which to 
inaugurate within its own limits the special veneration 
of Christ, the Western Manichzeans succeeded in giv- 
ing their teaching a Christian tinge. The only part 
of the Manichzean mythology that became popular was 
the crude, physical dualism. The barbaric elements 
were judiciously screened from view as a ‘‘ mystery ;”’ 
they were, indeed, here and there explicitly disayowed 
even by the initiated. The further Manichzeism ad- 
vanced into the West, the more Christian and philo- 
sophic did it become. In Syria it maintained itself in 
comparative purity. In North Africa it found its 
most numerous adherents, gaining secret support even 
among the clergy. The explanation of this perhaps 
lies in the fact that one part of the population of North 
Africa was of Semitic origin. Augustine was an audi- 
tor for nine years, while Faustus was at that time the 
most esteemed Manicheean teacher in the West. Au- 
gustine in his later writings against the Manichaans 
deals chiefly with the following problems:—(1) the 
relation between knowledge and faith, and between 
reason and authority ; (2) the nature of good and evil, 
and the origin of the latter; (3) the existence of free 
will, and its relation to the divine omnipotence; (4) 
the relation of the evil in the world to the divine gov- 
ernment. 

The Christian Byzantine and Roman emperors, from 
Valens onwards, enacted strict laws against the Mani- 
cheans. But at first these bore little fruit. The 
auditores were difficult to trace out, and besides they 
really gave little occasion for persecution. In Rome 
itself between 370 and 440 Manicheeism gained a large 
amount of support, especially among the scholars and 
public teachers. It also made its way into the life of 
the people by means of a popular literature in which 
the apostles were made to play a prominent part 
{Apocryphal Acts of the Apostles). Manichzism in 
the West had also some experience of attempts at re- 
formation from the ascetic side, but of these we know 
little. In Rome Leo the Great was the first who took 
energetic measures, along with the state authorities, 
against the system. Valentinian III. decreed banish- 
ment against its adherents, Justinian the punishment 
of death. In North Africa Manicheeism appears to 
have been extinguished by the persecution of the Van- 
dals. But it still continued to exist elsewhere, both 
in the Byzantine empire and in the West, and in the 
earlier part of the Middle Ages it gave an impulse to 
the formation of new sects, which remained related to 
it. And if it has not been quite proved that so early 
as the 4th century the Priscillianists of Spain were in- 
fluenced by Manichzism, it is at least undoubted that 
the Paulicians and Bogomiles as well ag the Catharists 
and the Albigenses are to be traced back to Maniche- 
ism (and Marcionitism). Thus the system, not indeed 
of Mani the Persian, but of Manichzeism as modified by 
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Christian influences, accompanied the Catholic Church 
until the 13th century. 


Sources.—(a) Oriental. Among the sources for a history 
of Manicheeism, the most important are the Oriental. Of 
these the Mohammedan, though of comparatively late date, 
are distinguished by the excellent manner in which they 
have been transmitted to us, as well as by their impartial- 
ity. They must be named first, because ancient Mani- 
chean writings have been used in their construction, 
while, with the exception of some small and rather unim- 
portant pieces, we possess no other original Manicheean 
works dating from the 38d century. At the head of all 
stands En-Nedim, Fihrist (circa 980), edited by Fligel 
(1871-72) ; comp. the latter’s work, Mani, seine Lehre u. seine 
Schriften, 1862. See also Shahrastani, Kitdb al-milal wan- 
nuhal (12th cent.), edited by Cureton (1846) and translated 
into German by Haarbricker, 1851, and individual notes 
and excerpts by Tabari (10th cent.), Al-Bir@ni (11th cent.), 
and other Arabian and Persian historians. 

Of the Christian Orientals those that afford most infor- 
mation are Ephraem Syrus (ob. 373), in various writings ; 
the Armenian Esnik (see Zeitsch. f. hist. Theol., 1840, ii. ; 
Langlois, Collection, ii. 875 sq.), who wrote in the 5th cen- 
tury against Marcion and Mani; and the Alexandrian 
patriarch Eutychius (0b. 916), Annales, ed. Pococke, 1628, 
There are besides scattered pieces of information in 
Aphraates (4th cent.), Barhebreeus (13th cent.), and others. 

(b) Greek and Latin. The earliest mention of the Mani- 
cheans in the Greeco-Roman empire is to be found in an 
edict of Diocletian (see Hanel, Cod. Gregor., tit. xv.), which 
is held by some to be spurious, while others assign it to 
one or other of the years 287, 290, 296, 308 (so Mason, The 
Persec. of Diocl., p. 275 sq.). Eusebius gives a short account 
of the sect (H. 2, vii. 31). It was the Acta Archelai, how- 
ever, that became the principal source on the subject 
of Manicheism for Greek and Roman writers. These Acta 
are not indeed what they give themselves out for, viz., an 
account of a disputation held between Mani and the bishop 
Archelaus of Cascar in Mesopotamia; but they nevertheless 
contain much that is trustworthy, especially regarding the 
doctrine of Mani, and they also include Manicheean docu- 
ments. They consist of various distinct pieces, and origi- 
nated in the beginning of the 4th century, probably at 
Edessa. They were translated as early as the first half of 
the same century from the Syriac (as is maintained by 
Jerome, De Vir. Illust., 72; though this is doubted by 
modern scholars) into Greek, anid soon afterwards into 
Latin. It is only this secondary Latin version that we 
possess (edited by Zacagni, 1698; Routh, Relig. Sac., vol. v., 
1848; translated in Clark’s Ante-Nicene Library, vol. xx.) ; 
small fragments of the Greek version have been preserved. 
Regarding the Acta Archelai, see Zittwitz in Zeitschr. f. d. 
histor. Theol., 1873, and Oblasinski, Acta disp. Arch. et Mane- 
tis, 1874. In the form in which we now possess them, they 
are a compilation after the pattern of the Clementine Homi- 
lies, and have been subjected to manifold redactions. 
These Acta were used by Cyril of Jerusalem (Catech., 6), 
Epiphanius (Her., 66), and a great number of other writers. 
All the Greek and Latin heresiologists have included the 
Manicheaus in their catalogues; but they seldom adduce 
any independent information regarding them (see Theo- 
doret, Her. fab., i. 26). Important matter is to be found 
in the resolutions 6f the councils from the 4th century 
onwards (see Mansi, Acta Concil., and Hefele, Concilienge- 
schichte, vol. i.-iii.), and also in the controversial writings 
of Titus of Bostra (6th cent.), Mpds Mavixaious (ed. Lagarde, 
1859), and of Alexander of Lycopolis, Aéyog pds ras Mavixaion 
d6zas (ed. Combefis; transl. in Ante-Nic. Lib., vol. xiv. Of 
the Byzantines, the most worthy of mention are John of 
Damascus (De Heres. and Dialog.), and Photius (cod. 179 
Biblioth.). The struggle with the Paulicians and the Bogo- 
miles, who were often simply identified with the Mani- 
cheans, again directed attention to the latter. In the 
West the works of Augustine are the great repertory for 
information on the subject of Manicheeism ( Contra epistolam 
Manichei, quam vocant fundamenti; Contra Faustum Mani- 
cheum; Contra Fortunatum; Contra Adimantum; Contra 
Secundinum ; De actis cum Felice Manichxo; De Genesi c. 
Manichzos; De natura boni; De duabus animabus ; De utili- 
tate credendi ; De moribus eccl. cathol. et de moribus Manicheo- 
rum; De heres.). The more complete the picture, how- 
ever, which may here be obtained of Manicheism, the 
more cautious must we be in making generalizations from 
it, for it is beyond doubt that Western Manicheism adopted 
Christian elements which are wanting in the original and 
in the Oriental Manicheeism, 

Literature—The most important works on Manicheism 
are Beausobre, List. critique de Manichée et du Manichéisme, 2 
vols., 1734 sq. (the Christian elements in Manicheism are 
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here strongly, indeed too strongly, emphasized) ; Baur, Das 
manich. Religionssystem, 1831 (in this work Manicheean 
speculation is exhibited from a speculative standpoint) ; 
Flugel, Mani, 1862 (a very careful investigation on the 
basis of the Pihrist); Kessler, Untersuchung zur Genesis des 
manich, Religionssystems, 1876; and the article ‘‘ Mani, Mani- 
chiaer,” by the same writer in Herzog-Plitt’s R. E., ix. 223- 
59. This article is very thorough, and leads to most 
favorable expectations regarding the author’s forthcoming 
work. The accounts of Mosheim, Lardner, Walch, and 
Schrockh, as well as the monograph by Trechsel, Ueber 
Kanon, Kritik, und Exegese der Manichiier, 1832, may also be 
mentioned as still useful. The various researches which 
have been made regarding Parsism, the ancient Semitic 
religions, Gnosticism, etc., are of the greatest importance 
for the investigation of Manichseism. (A. HA.) 
MANILA (less correctly MANrtiA), the capital of 
Luzon and the Philippine Islands, and the centre of 
Spanish commerce in the Kast, was founded by Le- 
gaspi in 1571, and is situated on the eastern shore of 
a circular bay 120 nautical miles in circumference, 14° 
36’ N. lat. and 120° 52’ Ki. long. The country around 
the bay is more or less flat in character, and in the dry 
season almost bare of vegetation, so that, excepting 
the Mafonso and Matéo mountains behind Manila, 
and the chains of mountains running north and south 
of the entrance to the bay, there is really nothing at- 
tractive about the harbor. It is unsafe in the north- 
east and southwest monsoons, and vessels over 300 tons 
have to run for shelter to the naval port of Cavité, the 
smaller craft finding a safe anchorage behind a break- 
water facing the mouth of the Pasig. A new break- 
water, however, was commenced in 1880 for large ves- 
sels. This river Pasig, which is about 14 miles long, 
is fed by an inland lake called the Laguna de Bayo, 
and on its way into the harbor it divides Manila into 
two parts. On its northern bank are large commercial 
warehouses, a bazaar occupied chiefly by Chinese, 
known as the Hscolta, and trending eastwards an ex- 
tensive suburb of native dwellings extending some 
miles up the Pasig. Beyond the Hscolta lie Binondo, 
the business part of Manila, and San Miguel, the fash- 
ionable quarter where Spaniards and foreigners have 
their residence, and where since the earthquake of 
1880 two palaces have been erected for the gover- 
nor or captain-general and for the admiral of the fleet. 
There are numerous churches and barracks in this part 
of the town, and several public buildings, of which the 
following may be mentioned,—the hospital of St. Laz- 
arus, the garnero or large military storehouse, and the 
famous cigar factory, covering a space of about six 
acres, and employing daily 10,000 women. Beyond 
and blending as it were with Binondo are villages of 
which the governor has his country house, and where 
the Europeans have built pretty villa residences. 
A stone bridge and’ a new suspension bridge connect 
Binondo or modern Manila with the suburb opposite 
and the old fort of St. Iago, situated on the south bank 
and about a mile from the mouth of the Pasig. With- 
in the fort wall lies the old city, or, as it is commonly 
called, the Plaza de Manila. It is approached by seve- 
ral gates—the principal being the Kntrada, near which 
stands the custom-house. It has several squares, and 
the streets running at right angles with each other are 
fairly broad and clean, but, as no trade is carried on in 
this part of the town, they are dull by day, and, as 
only oil Jamps are used, gloomy by night. The public 
edifices, such as the governor’s palace, the town hall, 
and the cathedral, are in a large square, in the centre 
of which is a statue of Charles LV. surrounded by a 
garden of flowers. ‘’o these may be added the civil 
and military hospitals, the mint and museum, the uni- 
versity and the academy of arts, the arsenal, the prison, 
and numerous barracks, convents and monasteries. 
Beyond the walls is the calzada or esplanade, with a 
small paseo or promenade facing the bay, where three 
or four military bands play twice a week to a large con- 
course of people. This forms the chief out-door at- 
traction for the élite of Manila. There are two thea- 
tres—océasionally visited by European companies; but 
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there is a want of the cafés and bull fights so associated 
with Spanish life. Kyening receptions are given by 
the Spaniards, where cards and music serve to while 
away the time, and the well-to-do Zugalo, besides imi- 
tating his masters in all their amusements, has another 
to which he is passionately addicted, viz., cock-fight- 
ing. This is under Government control, and in town 
can only be held in licensed cockpits, which in 1878 
yielded above £33,000 to the revenue. The native 
officials may sometimes be a little ofticious and, over- 
bearing; but the natives generally, especially those 
out of Manila, are as hospitable to the stranger as the 
Spaniard. 

The population in thé walled town, inclusive of the 
garrison, Is given in the consular reports for 1880 as 
12,000, and that of Binondo and the suburbs as 250,- 
000 to 300,000. In 1842 the total was rather more 
than 150,000. 

The climate is healthy, and though hot is not un- 
bearably so, the mean temperature being about 82.6° 
Fahr. The hot season prevails from March to the end 
of June; the rest of the year may be said to be 
showery and stormy. The chief climatic drawbacks 
to a residence in Manila are hurricanes, earthquakes, 
and fearful thunderstorms. Great damage was done 
to property by a tornado of exceptional severity in Oc- 
tober, 1882. 


The cemetery of Manila is well situated for a hot climate 
and the backward condition of its sanitary arrangements. 
It is a large circular area, surrounded by an outer and an in- 
ner wall, with horizontal recesses between them placed one 
above another in tiers. On the arrival of a body for sepul- 
ture it is taken out of its coffin and put into one of these re- 
cesses ; quicklime is then spread upon it and the mouth of 
the recess bricked up. If the recess is the property of the 
relatives of the dead, the body remains undisturbed forever. 
If otherwise, it remains until the recess is absolutely re- 
quired for another inmate, when the bones, the only re- 
mains left of the deceased, are collected and carefully de- 
posited in a large hollow or fosse kept for that purpose. 

For two centuries after the Spanish settlement the trade 
of Manila with the Western world was carried on via Aca- 
puleo and Mexico; and it was not till 1764 that even the 
Spanish vessels began to come round by the Cape. The port, 
however, was opened with some restrictions to foreign 
vessels in 1789; permission for the establishment of an 
English commercial house was granted in 1809; the same 
liberty was before long granted to other nationalities; and 
in 1834 the privileges of the Royal Company of the Philip- 
pines expired and left the commercial movement to its 
natural tendencies. Since that time the trade of Manila 
has greatly increased. While in 1840 the port was entered 
by 187 vessels with a burden of about 57,000 tons, the corre- 
sponding figures for 1881 are, including 182 steamers, 317 
vessels (British, 118; Spanish, 95; German, 38), with a bur- 
den of 244,000 tons. Manila hemp (abaca), sugar, cigars, and 
coffee are the chief articles of export; and sapan wood, 
mother of pearl, and gum are regular though secondary 
items. The quantity of hemp shipped at Manila has in- 
creased from 528,206 piculs (1 picul =139 tb) in 1877 to 
662,886 in 1881, and in the same period the quantity of 
sugar has risen from 1,215,066 piculs to 2,001,310. Britain 
and the United States are the great markets for both. The 
average number of cigars exported is 92,620,000,the greater 
portion going to Singapore and China. The total value 
of the exports was £5,460,000 in 1881, against £2,679,000 in 
1864; and a corresponding increase has tuken place in the 
imports. 

Telegraphic communication between Manila and Hong- 
Kong was established in 1880. 


MANILA-HEMP, the most valuable of all fibres 
for cordage, is the produce of the leaf-stalks of Musa 
textilis, a native of the Philippine Islands. The plant, 
called abaca by the islanders, throws up a spurious 
stem from its rhizome, consisting of a cluster of sheath- 
ing leaf-stalks which rise to a height of from 20 to 30 
feet, and spread out into a crown of huge undivided 
leaves characteristic of the various species of Jlusa 
(plantain, banana, ete.). In its native regions the 
plant is rudely cultivated solely as a source of fibre; it 
requires little attention, and when about three years 
old develops flowers on a central stem, at which stage 
it is in the most favorable condition for yielding fibre. 
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The stock is then cut down, and the sheathing stalks 
torn asunder and reduced to small strips. These strips 
in their fresh succulent condition are drawn between 
a sharp knife-edged instrument and a hard wooden 
block to which it is fixed, and by repeated scraping in 
this way the soft cellular matter which surrounds the 
fibre is removed, and the fibre so cleaned has only to 
be hung up to dry in the open air, when, without 
further treatment, itis ready for use. Hach stock yields, 
on an average, a little under 1 tb of fibre; and two na- 
tives cutting down plants and separating fibre will pre- 
pare not more than 25 tb per day. The fibre aided by 
the outer layer of leaf-stalks is hard, fully developed, 
and strong, but the produce of the inner stalks is in- 
creasingly thin, fine, and weak. ‘The finer fibre is used 
by the natives, without spinning or twisting (the ends 
of the single fibres being knotted together), for making 
exceedingly fine, light, and transparent yet compara- 


tively strong textures, which they use as articles of 


dress and ornament. The hemp exported for cordage 
purposes is a somewhat woody fibre, of bright brown- 
ish-white color, and possessing great durability and 
strain-resisting power. It containsa very considerable 
amount of adherent pectinous matter, and an unusually 
large proportion, as much as 12 per cent., of water in 
a dry condition. In adamp atmosphere the fibre ab- 
sorbs moisture so freely that it has been found to con- 
tain not less than 40 per cent. of water, a circumstance 
which dealers in raw fibre should bear in mind. The 
plant has been introduced into many tropical lands; 

ut the cheapness of labor in its native regions, and 
its abundance there, prevent its being a profitable sub- 
stance for general cultivation. The entire supply comes 
from Manila and Cebu in the Philippine Islands, where 
its cultivation and preparation must give employment 
to a very large population. The exports, which are 
increasing with great rapidity, amounted in 1881 to 
about 400,000 bales of 25 ewts. each, almost the whole 
of which goes to the United Kingdom, the United 
States, and the Australian colonies. The quantity im- 
ported into the United Kingdom in 1881 was 346,908 
ewts., valued at £678,514. The fibre is now so valu- 
able that manila hemp cordage is freely adulterated by 
manufacturers, chiefly by the admixture of phormium 
(New Zealand flax) and Russian hemp. 

MANILIUS, a Roman poet, was the author of a 
poem in five books called Astronomica. Nothing is 
recorded of the author; he is neither quoted nor men- 
tioned by any ancient writer. His very name is uncer- 
tain, but was probably Marcus Manilius. From the 
work itself it may be gathered with much probability 
that the writer lived under Augustus or Tiberius, and 
that he was a citizen of and resident in Rome. He 
bears the name of a distinguished plebeian family. 
His work is one of great learning; he had studied his 

» subject in the best writers, and generally represents 
the most advanced views of the ancients on astronomy. 
It is, however, destitute of poetical or literary merit. 
It is difficult to explain how a work of such learning 
on a subject which was studied with such interest by 
the ancients should have remained so neglected. 
Firmicus, who wrote in the time of Constantine, has 
so many points of resemblance with the work of Mani- 
lius that he must either have used him or haye fol- 
lowed some work that Manilius also followed. As 
Firmicus says that hardly any Roman except Czesar, 
Cicero, and Fronto had treated the subject, it is proba- 
ble that he did not know the work of Manilius. The 
posi event referred to in the poem is the great defeat 
of 9 A.D. 

MANIN, Dantere (1804-1857), president of the 
Venetian republic in 1848-49, and one of the principal 
founders of Italian independence, was born in Venice 
on the 13th of May, 1804. He studied at Padua, 
graduating as doctor of laws when only seventeen 
years of age, and soon after translated Pothier’s large 
treatise Sur le Droit Romain. To his father, an emi- 
nent barrister, he was indebted not only for much of 
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his skill in jurisprudence but for his strong republican 
bias, having as a boy constantly heard him denounce 
indignantly the injustice of Bonaparte in handin 
Venice over to Austria by the scandalous treaty of 
Campio Formio. In 1830 Manin commenced practice 
as an advocate, but only to become conscious of the 
harsh restrictions laid by Austria upon the administra- 
tion of law. That and the following year showed some 
stirrings of political life in Italy; and Manin, already 
the leading spirit in Venetia of the new national party, 
strove to train his countrymen to united purpose and 
action. The question of a railway to Milan, for in- 
stance, or whether the Indian mail should go by Ven- 
ice, was utilized to quicken the patriotic instinct by 
thwarting the Government, and that without neglect- 
ing the great principle ‘‘ legality and publicity’’—which 
till 1848 was his unswerving rule of conduct. 

In 1847 he spoke ably on political economy at the 
scientific congress held in Venice, and soon after pre- 
sented two petitions to the ‘‘congregation,’’—a 
shadowy deliberative assembly which was tolerated by 
Austria. His principal demands were—separate 
government of Venice and Lombardy, revision of the 
code, an annual budget, freedom of the press, and 
religious equality. On the 18th of January, 1848, soon 
after Radetsky’s cruel treatment of Milan, he was 
arrested, but only to intensify the patriotic enthusiasm 
of the people. The population of Venice marched 
past his prison silently and mournfully, every head un- 
covered. The carnival (that year spent in gloom) was 
scarcely over, however, when the glad news from 
Sicily, Naples, and Paris so worked upon their minds 
that the Austrian authorities were forced to feel that 
the revolutionary waye had reached Venice. On the 
17th March Manin was carried in triumph to the Place 
St. Mark, and virtually declared dictator. Now that 
the moment for action was come he immediately formed 
a civic guard, and by his energy and earnestness in- 
spired all classes of the citizens to act asone man. On 
the 22d the dictator became president of the new 
republic of St. Mark, to cope alone with all the diffieul- 
ties of administration, organization, and finance. In 
March, 1849, on the defeat of King Charles Albert, 
Venice had to prepare herself resolutely for defence ; 
and on the 2d peat there was passed in the palace of 
the Doges a decree in two clauses:—‘'(1) Venice 
will resist the Austrians at whatever cost; (2) the 
president Manin is invested with unlimited powers.” 
On the 26th May one outlying fort was taken, but on 
the 3d July, when Rome and Mazzini had succumbed 
to the French, Venice and Manin were still strenuous 
in their heroic defence. Only when cholera had also 
attacked them, when food and ammunition were spent 
and people were dying of hunger, ‘when every house 
not burned down was riddled by the shot and shell of 
the bombardment, and no gleam of hope from without 
was visible, was the capitulation signed, 24th August, 
on terms of amnesty to all except the president and 
thirty-nine other citizens. 

Leaving Venice on the 27th, with his wife and two 
children, Manin spent the rest of his life in Paris, 
where he maintained a modest independence by teach- 
ing his native language. His energies were still de- 
voted to the unification of Italy, so that, whether as a 
republic or as a kingdom, she might be freed from 
Austrian domination. He died of heart disease on the 
22d September, 1857, and was buried in the family 
tomb of Ary Scheffer. In 1868 the remains were re- 
moved to Venice, and honored with a public funeral. 

See Henri Martin, D. Manin, 1859, and L’ Unité Italienne, 
1861 (Martin also wrote the article in the Biogr. Univer- 
selle); ©. L. Chasin, Manin et I Italie; Errera’s Vitu di D. 
Manin, Venice, 1872; P. de La Faye’s Documents, etc., de D. 
Manin, 1860. Other writers are Ernest Legouvé, A. de La 
Forge, and Edmund Flagg (New York). 


MANIOC or Manptoc. See Cassava and 
ARROW-ROOT, 
MANIPUR, a native state in Northeastern India, 
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lying between 24° 35’ and 24° 48” 30’ N. lat., and 
between 93° and 94° 40’ HE. long., is bounded on the 
N. by the Naga country and the hills overlooking the 
Assam valley, on the W. by Cachar district, and on 
the KE. by Independent Burmah. On the south the 
boundary is undefined, and abuts on the country in- 
habited by various independent wild hill tribes of 
Lushais, Kukis, ete. The state consists of an exten- 
sive valley, estimated at about 650 square miles in ex- 
tent, and a large surrounding unsurveyed tract of 
- difficult mountainous country stretching between 
Assam, Cachér, Burmah, and Chittagong. The total 
area is estimated at about 7600 square miles. The 
population of the Manipur valley and the surrounding 
hills is supposed to be about 74,000 hill-men and 65,- 
000 Manipuris. The hill ranges generally run north 
and south, with occasional connecting spurs and ridges 
of lower elevation between. Their greatest altitude is 
in the north, where they reach to upwards of 8000 feet 
above sea-level. The principal geographical feature in 
the valley is the Logtak Lake, an irregular sheet of 
water of considerable size, but said to be yearly grow- 
ing smaller. The valley is watered by numerous 
rivers, the Barak being the most important. The hills 
are densely clothed with tree jungle and large forest 
timber. There are large herds of wild elephants, as 
well as tigers, leopards, bears, buffaloes, etc. The 
country seems to be singularly free from poisonous 
snakes; the cobra does not appear to exist in the 
valley, but the boa constrictor is found in the dense 
forests to the south. 

The first relations of the British with Manipur date from 
1762, when the raja solicited British aid to repel a Burmese 
invasion, and a treaty was entered into. The force was re- 
called and but little communication between the two coun- 
tries took place until 1824, on the outbreak of the British 
Burmese war. British assistance was again invoked by the 
raja, and the Burmese were finally expelled both from the 
Assam and Manipur valleys. A political agent acts as a 
means of communication between the state and the British 
Government. Manipur valley appears to have been 
originally occupied by several tribes which came from 
different directions. Although their general facial charac- 
teristics are Mongolian, there is a great diversity of feature 
among the Manipuris, some of them showing a regularity 
approaching the Aryan type. In the valley the people are 

chiefly Hindus, that religion being apparently of recent 
introduction, They have a caste system of their own 
different from that of India, and chiefly founded on what is 
known as the system of /allép or forced labor. Every male 
between the ages of seventeen and sixty is obliged to place 
his services at the disposal of the state for a certain num- 
ber of days each year, and to different classes of the people 
different employments are assigned. About four hundred 
Mohammedan families, descendants of settlers from Ben- 
gal, reside to the east of the capital. The aboriginal hill- 
men belong to one of the two great divisions of Nagas and 
Kukis, and are subdivided into innumerable clans and 
sections with slight differences in language, customs, or 
dress. The state is noted for the excellence of its breed of 
ponies. The now popular English game of polo was intro- 
. duced from Manipur, where it forms a great national 
pastime. The trade is but small, owing chiefly to the 
want of means of transport, none of the roads being 
available for wheeled carts. 


MANIS. See PANGOoLIN. 

MANISA, or Mantssa, a town of Asia Minor or 
Anatolia, situated on the north side of Mount Sipylus, 
28 miles northeast of Smyrna. This town was an- 
ciently called Magnesia ad Sipylum (see MAGNESIA). 
It is situated on the banks of the Hermus, and is 
noted as being one of the neatest and cleanest cities in 
Asia Minor. It contains above twenty mosques, two 
of which are adorned on the exterior with double 
minarets, and in the inside with paintings and other 
articles. The Armenians, Greeks, and Jews have 
also their respective places of worship. There is also 
a fine khan, and a citadel, which stands on a lofty 
rock, and commands an extensive view. The sur- 
rounding country is rich and productive, especially of 
saffron, which is exported. The town is she seat of 
sume cunsiderable trade, and many of the inhabitants 
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are employed in the manufacture of cotton and silk 
goods and goats’-hair shawls. Population about 40,- 
000. The town is now connected with Smyrna by a 
railway, which is continued on to Ala-Shehr (Phila- 
delphia). A few miles from Manisa is a colossal 
statue cut in the rock, which is generally supposed to 
be the figure of Niobe, alluded to by ancient authors. 

MANISTEE, a city of the United States, the county 
seat of Manistee county, Michigan, is situated 135 
miles northwest of Lansing, on the east side of Lake 
Michigan, at the mouth of the Manistee river, which 
is nayigable for vessels drawing 10 to 12 feet of water 
for the distance of 13 miles to Manistee Lake. It is 
a great seat of the lumber trade, shipping annually 
200,000,000 feet of timber and having a score of saw- 
mills and about as many shingle mills, the latter of 
which produce in the year 400,000,000 shingles,—the 
largest quantity made at any one place in the world. 
Planing-mills and foundries are also maintained; and 
in consequence of the discovery in 1881 of a bed of 
solid salt 30 feet thick, extensive salt factories are 
being built. The surrounding district is especially 
adapted for fruit-growing ; and sportsmen are attracted 
to the Manistee river and its tributaries by the abun- 
dance of the rarely found grayling. ‘The population, 
33873 in 1870, was 7080 in 1880. 

MANITOBA, one of the western provinces of the 
Dominion of Canada, is situated midway between the 
Atlantic and Pacific coasts of the Dominion, about 
1090 miles due west of Quebec (see vol. iv. plate 
xxxy.). It is bounded on the 8S. by the parallel 49° N. 
lat., which divides it from the United States; on the W. 
by 101° 20’ W. long; on the N. by 52° 50” N. lat. ; and 
onthe E. by the western boundary of Ontario. Mani- 
toba formerly belonged to the Hupson’s Bay Com- 
PANY (g. v.), and was, after the transfer of their 
territory to Canada, admitted in 1870 as the fifth 
province of the Dominion. At that time the infant 
province had an area of 13,500 square miles, and some 


12,000 people, chiefly Indian half-breeds. In 1881 
the limits were increased to the extent indicated 


above, and now contain, taking the Lake of the 
Woods as the eastern boundary, 80,000 square miles, 
an area only 8782 square miles less than that of Eng- 
land and Scotland together, extending 264 miles from 
north to south and upwards of 300 from east to west. 
The old district of Assiniboia, the result of the efforts 
in colonization of the earl of Selkirk in 1811 and 
succeeding years, was the nucleus of the province. 
Manitoba was so called by the Dominion parliament 
after the lake of that name; the designation is usually 
considered to be a compound of the Ojibway words, 
Manito, great spirit, and Waba, strait between lakes, 
or a word meaning echo. 

The drainage of Manitoba is entirely northeastward 
to Hudson’s Bay. The three lakes—whose greatest 
lengths are 250, 150, and 130 miles respectively—are 
Winnipeg, Winnipegoosis, and Manitoba. They are 
all of a very varying and irregular shape, but average 
respectively 30, 18, and 10 miles in width. They are 
fresh, shallow, and tideless. Winnipegoosis and 
Manitoba at high water, in spring time, discharge 
their overflow through small streams into Winnipeg. 
The chief rivers emptying into Lake Winnipeg are the 
Winnipeg, the Red, and the Saskatchewan. The 
Assiniboine river, with its source in the province, and 
navigable from 250 to 350 miles for steamers of 
light draught, enters the Red river 45 miles from 
Lake Winnipeg, and at the confluence of the rivers 
(‘‘The Forks’’) is situated the city of Winnipeg. 
The Winnipeg, which flows from the territory lying 
southeast of Lake Winnipeg, is a noble river some 
200 miles long, that after Jeaving the Lake of the 
Woods, dashes with its clear water over many cascades, 
and traverses very beautiful scenery. At its falls 
from Lake of the Woods is one of the greatest_and 
most easily utilized water-powers in the world. Like 
most rivers in the New World, the Red river 1s 
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at intervals of years subject to freshets. In the seventy 
years’ experience of the Selkirk colonists there have 
been four ‘‘floods.’’ The highest level of the site 
of the city of Winnipeg is said to have been under 5 feet 
of water for several weeks in May and June in 1826, 
under 23 feet in 1852, not covered in 1861, and only 
under water on the lowest levels in 1882. ‘The extent 
of overflow has thus on each occasion been less. The 
loose soil on the banks of the river is every year car- 
ried away in great masses, and the channel has so 
widened as to render the recurrence of an overflow 
unlikely. The Saskatchewan, though not in the prov- 
ince, empties into Lake Winnipeg less than half a 
degree from the northern boundary. It is a mighty 
river, rising in the Rocky Mountains, and crossing 
eighteen degrees of longitude. Near its mouth are the 
Grand Rapids. Above these, steamers ply to Fort 
Edmonton, a point upwards of 800 miles northwest 
of the city of Winnipeg. Steamers run from Grand 
Rapids, through Lake Winnipeg, up Red river to the 
city of Winnipeg. 

Geologically Manitoba may be said to be the re- 
sumption of the Secondary rocks left behind in the 
fertile portions of Ontario. The whole northeast of 
North America, running from Labrador, crossing the 
Ottawa, and skirting the Georgian Bay and ‘Lake 
Superior, is a region of Laurentian or Primary rocks 
—containing copper, silver, and probably gold-bearing 
rocks. From Lake Superior northwestward to within 
40 miles of Red river and up to the eastern shore of 
Lake Winnipeg the same region continues for about 
500 miles, including near its western limits the Lake 
of the Woods. This barren region left behind, the 
fertile plains of Manitoba begin—a district resting on 
Silurian limestones. For 100 or 150 miles these rocks 
continue. This is the first prairie steppe. At very 
few points does an outerop of limestone occur. A 
range of hills running from southeast to northwest 
bounds this region on the west. These are Pembina 
Mountains, Riding Mountains, and Duck Mountain, 
varying from 200 to 700 feet in height. Before the 
Riding Mountains are reached, on the shores and isl- 
ands of Lakes Manitoba and Winnipegoosis are found 
a few buff-colored Devonian limestones. From this 
line of hills westward spreads out the second prairie 
steppe, extending some 400 or 500 miles. Beyond 
this for an equal distance, at a still higher elevation, is 
the third prairie steppe, till the Rocky Mountains are 
reached. From the Pembina and Riding Mountains 
to the Rocky Mountains, say 1000 miles, Cretaceous 
beds underlie the plains and crop out at long intervals. 
The most striking feature of this formation, of which 
only the eastern 100 or 150 miles are within Manitoba, 
is the presence of coal. It is, like most of the Tertiary 
varieties, a lignite; a specimen analyzed gives water 
7.82 per cent., volatile combustible matter 31.35 per 
cent., fixed carbon 54.97 per cent., and ash 5.86 per 
cent. The supply of this coal is, according to Profes- 
sor Selwyn, practically inexhaustible. Mr. G. M. 
Dawson, Government explorer, has figured exposures 
of lignite 1 foot, 7 feet, and eyen 18 feet in thickness 
in the Souris valley, 250 miles southwest of Winnipeg. 
As a fuel for domestic purposes, this coal in general 
answers very well. The drift deposit on the first and 
second prairie levels varies from 20 to 100 feet, and 
consists of clay and boulders. A clay lying near the 
surface is used for making the white brick of which 
Winnipeg is built. The most recent geologic deposit 
is a rich vegetable mould, sometimes 4 feet in thick- 
ness. It is this that gives the reputation for fertility 
which the soil of the province enjoys. 

The surface of Manitoba is somewhat level and 
monotonous. It is chiefly a prairie region, with tree- 
less plains of from 5 to 40 miles extent, covered in 
summer with an exuberant vegetable growth, which 
dies every year. The river banks are, however, fringed 
with trees, and in the more undulating lands the tim- 
ber belts vary from a few hundreds of yards to 5 or 10 
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miles in width, forming at times forésts of no inconsid- 
erable size. The chief trees of the country are the 
aspen (Populus tremuloides), the ash-leaved maple 
(Negundo aceroides), oak ( Quercus alba), elm ( Ulmus 
americana), and many varieties of willow. The straw- 
berry, raspberry, currant, plum, cherry, and grape are 
indigenous. 

The climate of Manitoba, being that of a region of 
wide extent and of similar conditions, is not subject to 
frequent variations. Winter, with cold but clear and . 
bracing weather, usually sets in about the middle of 
November, and ends with March. In April and May 
the rivers have opened, the snow has disappeared, and 
the opportunity has been afforded the farmer of sow- © 
ing his grain. The month of June is often wet, but 
most favorable for the springing crops; July and 
August are warm, but, excepting two or three days at 
a time, not uncomfortably so; while the autumn 
months of August and September are very pleasant. 
Harvest generally extends from the middle of August 
to near the end of September. The chief crops of the 
farmer are wheat (which from its flinty hardness and 
full kernel is the specialty of the Canadian northwest), 
oats, barley, and pease. Hay is made of the native 
prairie grasses, which grow luxuriantly. From the 
richness and mellowness of the soil potatoes and all 
tap-roots reach a great size. Heavy dews in summer 
give the needed moisture after the rains of June have 
ceased. ‘The traveller and farmer are at times annoyed 
by the mosquito. his troublesome insect is chiefly 
found near swampy ground or on the uncultivated 
prairie. It usually continues through June and July. 


The population of the province is very mixed. In 1870 
there were 2000 whites and 10,000 Indian half-breeds. Of 
the latter, one half are of English-speaking parentage, and 
chiefly of Orkney origin; the remainder are known as 
Metis or Bois-brilés, and are descended from French-Cana- 
dian voyageurs. In 1875 a number of Russian Mennonites 
(descendants of the Anabaptists of the Reformation) came 
to the country. Some fifty years ago they originally emi- 
grated from Germany to the plains of southern Russia, but 
came over to Manitoba to escape the conscription. They 
number nearly 8000. About 4000 French Canadians, whe 
had emigrated from Quebec to the United States, have also 
made the province their home, as well as a number of Ice- 
landers. ‘The remainder of the population is chiefly made 
up of English-speaking people from the other provinces of 
the Dominion, from the United States, from England and 
Scotland and the north of Ireland. Though somewhat dif- 
ficult to estimate, the population of Manitoba is estimated 
by competent authorities at upwards of 120,000 in 1882. 

In 1881 the religious opinions of the people were as fol- 
lows :—Episcopalians, 22 per cent.; Presbyterians, 22; Ro- 
man Catholics, 19 ; Methodists, 14; Baptists, 2}; Lutherans, 
13 per cent. 

There is a system of primary and secondary free school 
education for Protestants, and another for Roman Catholics. 
For the higher education there are the three colleges of St. 
Boniface (Roman Catholic), St. John’s (Episcopalian), and 
Manitoba College (Presbyterian). These are affiliated to 
the university of Manitoba, which is an examining and 
degree-conferring body. 

Like other provinces of the Dominion, Manitoba is under 
alieutenant-governor, with a council of five ministers re- 
sponsible to the local legislature, which again is composed 
ot thirty-one members. The province is represented by 
three senators in the Dominion senate, and by five mem- 
bers in the Dominion house of commons. There are three 
judges of the superior court, and a number of county court 
judges. The whole province is divided into municipalities, 
each of which chooses a warden and six councillors annu- 
ally. 3 
The city of Winnipeg, the provincial centre of govern- 
ment, law, education, and religion, had in 1882 upwards of 
20,000 inhabitants. The trade of the country has chiefly 
grown up since Winnipeg was connected in 1878 with the 
United States railroad system, and it has received a further 
impulse from the construction of the Canadian Pacific Rail- 
way, which traverses the territory. (a. BR.) 


MANITOWOC, a city of the United States, the 
county seat of Manitowoc county, Wisconsin, is situ- 
ated on the west side of Lake Michigan, at the mouth 
of Manitowoc river, 77 miles north of Milwaukee by 
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the Milwaukee, Lake Shore, and Western Railway. It 
has a good harbor, and is the seat of an active trade in 
lumber, leather, and wheat. Shipbuilding is also ex- 
tensively carried on. Population in 1870, 5168; in 
1880, 6367. 

MANKATO, a city of the United States, the coun- 
ty seat of Blue Earth county, Minnesota, is situated 
in the midst of a good agricultural district on the right 
bank of the Minnesota river, and is a station on the 
Chicago, Milwaukee, and St. Paul, the Chicago and 
Northwestern, and the Chicago, St. Paul, Minneapo- 
lis, and Omaha railways. From St. Paul it is distant 
86 miles. Besides carrying on an extensive trade 
Mankato manufactures woollen goods, linseed oil, flour, 
beer, carriages and wagons, iron wares, and furniture. 
It has a fine park and fair ground, three public halls, 
a public library, and a State normal school. The 
presen increased from 3482 in 1870 to 5550 in 

880. 

MANLEY, Mary per ta Rrvrer (1672-1724), 
dramatist, political writer, and novelist, the most emi- 
nent female ‘‘ wit’’ of the reign of Queen Anne, was 
the daughter of a studious and literary royalist, Sir 
Roger Manley, governor of the Channel Islands, part 
author of Vhe Turkish Spy, and author of several mil- 
itary histories. Mrs. Manley is herself the chief au- 
thority for such particulars of her private life as are 
known. Towards the close of Anne’s reign, finding that 
Curll had announced The Adventures of Rivellu, or the 
History of the Author of Atalantis, and suspecting this 
to be the work of an enemy, she contrived with dex- 
terous tact to supplant Curll’s author, and wrote her 
own biography under the announced title. Her mother 
died when she was a child, her father when she was a 
girl of sixteen. A kinsman, already married, took ad- 
vantage of her position, went through a mock ceremony 
of marriage, and deserted her basely three years after- 
wards. She was patronized for a short time by the 
duchess of Cleveland, and in 1696 made good a position 
among writers of established reputation by two plays, 
a comedy andatragedy. The dialogue of the comedy, 
The Lost Lover, is extremely brilliant and witty, over- 
flowing with high animal spirits; in freedom of speech 
it goes almost beyond the most licentious male 
writers of comedy in that generation. The play was 
at once published. In the preface she thanks the 
town for not keeping her long in suspense ; her comedy 
was damned orith promptitude, A similar fate befell 
her tragedy, The Royal Mischief, though great literary 
power was shown in it. The splendid energy of the 
characters, and the hyperbolical vigor of their language, 
may be compared with the undisciplined youth of the 
Hlizabethan drama ; but it was not without reason that 
even contemporary critics complained of the “‘ warmth”’ 
of certain passages. She pleaded in defence, the ex- 
ample of Dryden; but Dryden in his most indecent 
moments falls short of it. From 1696 Mrs. Manley 
was a favorite member of witty and fashionable society ; 
she admits that she never had any pretensions to beauty, 
but the charms of her eyes and her conversation made 
her very fascinating. She achieved her principal 
triumph as a writer by her Secret Memoirs of Several 
Persons of Quality, a scandalous chronicle ‘from the 
New Atalantis, an island in the Mediterranean,”’ pub- 
lished in 1709. Henceforth she was known as ‘‘ the 
author of Atalantis.”” The Atalantis had a political 
purpose. Mrs. Manley was a warm Tory partisan, and 
she sought in this scandalous narrative to expose the 
private vices of the ministers whom Swift, Bolingbroke, 
and Harley combined to drive from office. There are 
many references to her in Swift’s Jow nal to Stella. 
‘¢ She has very good principles for one of her sort, and 
a great deal of good sense and inyention.”’? Mrs. Man- 
ley was in fact one of the most romantically public- 
spirited and disinterested politicians of that corrupt 
time, and_ next to Swift the most effective writer on 
the side of Harley and Bolingbroke. During the keen 
political campaign in 1711 she wrote several pamphlets, 
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and many numbers of the Zcaminer, eriticising per- 
sons and policy with equal vivacity. After the acces- 
sion of George, she wrote a tragedy Lucius (1717)—a 
failure, and two so-called novels, Bath Intrigues, and 
A Stage-Coach Journey to Exeter. The story in these 
novels is told in letters between the principal charac- 
ters. 

MANLUIUS isthe name of a Roman gens, chiefly pa- 
trician, but in later times at least, also containing ple- 
beian families. The Roman historians represent them 
as intrepid, but stern even to cruelty. 

I. Marcus Manurus Caprroninus, a brave and 
distinguished soldier, was one of the garrison of the 
Capitol while besieged by the Gauls; when they at- 
tempted to scale the rock by night, Manlius, aroused 
by the cackling of the sacred geese, rushed to the spot 
and threw down the foremost. Several years after, 
yt a centurion led to prison for debt, he freed him 
with his own money, and even sold his estate to relieve 
other poor debtors, while he accused the senate of 
embezzling public money. He was charged with as- 
piring to kingship, and condemned by the comitia, but 
not until the assembly had adjourned to a place with- 
out the walls, where they could no longer see the Capi- 
tol which he had saved. His house on the Capitol 
was razed, and the Manlii resolved that no patrician 
Manlius should henceforth bear the name of Marcus. 

Il. Trrus Manuius Iverrrosus TorQuattus went 
to the tribune Pomponius, who had brought his father 
to trial for overstepping the limits of his office, and 
threatened to kill him unless he desisted from the ac- 
cusation (365 B. c.). Shortly after he slew a gigantic 
Gaul in single combat, and then took from him a 
torques or neck-ornament, whence his surname is said 
to have been derived. When the Latins demanded an 
equal share in the government of the confederacy, 
Manlius vowed to kill with his own hand the first 
Latin he saw in the senate-house. The Latins and 
Campanians revolted, and Manlius, consul for the third 
time, marched into Campania and gained two great 
victories, near Vesuvius (where Decius his colleague 
devoted himself to gain the day), and at Trifanum. 
In this campaign Manlius executed his own. son, who 
had killed an enemy in single combat and thus dis- 
obeyed the express command of the consuls. 

Both these Manlii belong to a great extent to legend, 
much of which is probably due to attempts to explain 
their surnames. 

IIL. Trrus Manurus Torquatus in his first consul- 
ship (235 B. ¢.) subjugated Sardinia, recently acquired 
from the Carthaginians; he was consul again (224) 
during the Gallic war. In 216 he opposed the ran- 
soming of the Romans taken prisoners at Cannes; and 
in 215 he was sent to Sardinia and defeated a Cartha- 
ginian attempt to regain possession of the island. 

IV. Cnawus Manurius Vuuso, consul in 189 B. ©., 
received Asia as his province. Starting from Ephesus 
in the spring, he marched into Pamphylia, levying 
enormous contributions. He then attacked the Celts 
of Galatia on the pretext that they had aided Anti- 
ochus. They took refuge in Mounts Olympus and 
Magaba, but the missiles of the Roman light troops 
won each position with great slaughter. In the winter, 
assisted by ten delegates sent from Rome, he settled 
the terms of peace with Antiochus. He returned to 
Rome in 187, and triumphed after much opposition. 
The discipline of his army was loose, and his soldiers 
brought into Rome many foreign luxuries. 

MANN, Horace (1796-1859), one of the best- 
known American educationists, was born at Franklin, 
Massachusetts, May 4, 1796, and died at Yellow 
Springs, Ohio, August 2, 1859. His childhood and 
youth were passed in great poverty. ‘‘It was the 
misfortune of his family that it belonged to the smallest 
district, had the poorest schoolhouse, and employed 
the cheapest teachers, in a town which was itself small 
and poor.”’ His health was early injured by hard 
manual labor, which left him ne time for recreation 
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either in summer or winter. He lost his father at the | 
age of thirteen. He was from his childhood an eager 
reader; but his only means of gratifying this desire | 
Was a very small library in his native town. Up to| 
the age of fifteen he had never been able to attend | 
school for more than eight or ten weeks in any one 
year. He remained at home, working for his mother | 
and the rest of the family, till the age of twenty. At | 
that age he was taught the rudiments of Latin and | 
Greek and a little English grammar by an itinerant | 
schoolmaster, and entered the junior classes in: Brown | 
University in the year 1816. S niptiane of consum 
tion, poverty, the necessity of supporting himself 
while at college, and other circumstances interfered 
with his studies. He, however, uated in 1819. 
In 1821 he entered the school of law at Litchfield, 
Connecticut, and was called to the bar in 1823. In 
1827 he was elected to the State legislature of Massa- | 
chusetts, and in 1833 he was returned to the upper 
house. He suggested and organized the State lunatic 
asylum of Worcester. In 1837 the legislature appointed 
a board of education to revise and reorganize the com- | 
mon school system of the State; and Mann was ap-| 

ointed secretary. To give his whole time to the work, 
he gave up his profession and also his seat in the 
senate. He was secretary for twelve years. For these | 
twelve years he worked fifteen hours a day, held teach- | 
ers’ conventions, gave lectures, and carried on an 
enormous correspondence. He started a periodical, 
The Common School Journal, in which he explained 
his views on education. He also published a series of | 
Annual Reports ; these American critics call ‘* a classic 
on the subject.’” His seventh annual report gave the | 
substance of his observations in Europe, and compared | 
the systems of instruction followed in Prussia with | 
those in use in Massachusetts, much to the disadvan- 
tage of the latter." 

In 1848 Mann was elected to Congress to fill the! 
vacaney caused by the death of John Quincy Adams. 
He tried to induce the Government to establish a bu- | 
reau of education at Washington, but this was not 
done till much later. He resigned his seat in Congress 
in 1853, and became the first president of Antioch 
College at Yellow Springs,—a college for the com-| 
bined education of men and women. Mann’s chief 
work in American education is the reform which he 
brought about in the common and normal school system | 
of Massachusetts; and this reform is largely due to 
his twelve annual reports. 

Mann’s other works are—Lectures on Education, 1848; A 
Few Thoughts for a Young Man, 1850; Slavery, Letters and 
Speeches, 1851; Powers and Duties of Women, 1853, etc. A} 
complete edition of his writings, with a biography, was | 
published in Cambridge, Massachusetts, in 1867; and a se-| 
lection, under the title of Thoughts Selected from the Writings | 
of Horace Mann, in 1869. 

MANNA, a concrete saccharine exudation obtained 
by making incisions in the trunk of the flowering or 
manna ash tree, Fraxinus Ornus, L. At the present 
day the manna of commerce is collected exclusively in 
Sicily from cultivated trees, chiefly in the districts | 
aréund Capaci, Carini, Cinisi, and Favarota, small 
towns 20 to 25 miles west of Palermo, and.in the town- | 
ships of Geraci, Castelbuono, and other places in the | 
district of Cefalt, 50 to 70 miles east of Palermo. In 
the jrassinetti or plantations the trees are placed about | 
7 feet apart, and after they are eight years old, and | 
the trunk at least 3 inches in diameter, the collection | 
of manna is begun. This operation is performed in| 
July or August during the dry weather, by making | 
transverse incisions 13 to 2 inches long, and about 1 | 
inch apart, through the bark, one cut being made each | 
day, the first at the bottom of the tree, another directly | 
above the first, and so on. In succeeding years the| 


process is repeated on the untouched sides of the trunk, | 

2 This report has been published and edited, with preface and ! 
notes, by Dr. W. B. Hodgson under the title of Report of an Educa- | 
tional Tour in Germany, France, Holland,and parts of Great Britain | 
and Ireland, London, 1846. i 
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until the tree has been cut all round and exhausted. It 
is then cut down, and a young plant arising from the 
same root takes its place. he finest or flaky manna 
appears to have been allowed to harden on the stem. 
A very superior kind, obtained by allowing the juice 
to inerust pieces of wood or straws inserted in the cuts, 
and called manna a cannolo, is not found in commerce 
in England. The fragments adhering to the stem after 
the finest flakes have sai removed are scraped off and 
form the small or Tolfa manna of commerce. That - 
which flows from the lower incisions is often collected 


| on tiles or on a concave piece of the prickly pear ( Opun- 


tia), but is less crystalline and more glutinous, and is . 
less esteemed. 

Manna of good quality dissolves at ordinary tempera- 
tures in about 6 parts of water, forming a clear liquid. 


Its chief constituent is mannite or manna sugar, a 
_hexatomic aleohol, CsHs(OH)*, which likewise occurs, 


in much smaller quantity, in certain species of Fucus 
and in plants of several widely separated natural 
orders. Of this substance the best manna contains 70 
to 80 per cent. It crystallizes in shining rhombic 
prisms from its solution in boiling alcohol. Manna 
possesses mildly laxative properties and on account of 
its sweet taste is employed as a mild aperient for chil- 
dren. It is less used in England now than formerly, 
but is still largely consumed in South America. In 
Italy mannite is prepared for sale in the shape of small 
cones resembling loaf’ sugar in shape, and is frequently 
prescribed in medicine instead of manna. 

The manna of the present day appears to have been 
unknown before the 15th century, although a moun- 
tain in Sicily with the Arabic name Gibelman, 7.c., 
‘“manna mountain,’’ appears to point to its collection 
there during the period that the island was held by the 
Saracens, 827-1070. In the 16th century it was col- 
lected in Calabria in Italy, and until recently was pro- 
duced in the Tuscan Maremma, but neither from that 
locality nor from the States of the Church is any now 
brought into commerce, although the name of Tolfa, a 
town near Civita Vecchia, is still applied to an inferior 
variety of the drug. 


Various other kinds of manna are known, but none of 
these have been found to contain mannite. Alhagi manna 
(Persian and Arabic tar-angubin) is the produce of Alhagi 
camelorum, Fisch., a small, spiny, leguminous plant, grow- 
ing in Persia, Afghanistan, and Baluchistan. This manna 
occurs in the form of small, roundish, hard, dry tears, 
varying from the size of a mustard seed to that of a cori- 
ander, of a light-brown color, sweet taste, and senna-like 
The spines and pods of the plant are often mixed 
with it. It is collected near Kandahar and Herat, and im- 
ported into India from Cabul and Kandahar to the extent 
of about 2000 fb. annually, and is valued at about thirty 
shillings per th. Tamarisk manna (Persian gaz-angubin, 
tamarisk honey) exudes in June and July from the slender 
branches of Tamarix gallica, var. mannifera, Ehrenb., in the 
form of honey-like drops, which, in the cool temperature of 
the early morning, are found in the solid state. This secre- 
tion is caused by the puncture of an insect, ( oceus manniparus, 
Ehbrenb. In the yalleys of the peninsula of Sinai, especially 
in the Wady-el-Sheikh, this manna (Arabic man) is col- 
lected by the Arabs and sold to the monks of St. Catherine, 
who supply it to the pilgrims visiting the convent. It is 
found also in Persia and the Punjab, but does not appear 
to be collected in any quantity. This kind of manna seems 
to be alluded to by Herodotus (vii. 31). Under the same 
name of gaz-angubin there are sold commonly in the Per- 
sian bazaars round cakes, of which a chief ingredient is a 
manna obtained to the southwest of Ispahgn, in the month 
of August, by shaking the branches or scraping the stems 
of Astragalus florulentus and A. adscendens, Boiss. and Haus- 
skn.? Shirkhist, a kind of manna known to writers on 
materia medica in the 16th century, is still found in the 
bazaars of Northwest India, being imported from Afghanis- 
tan and Turkestan toa limited extent. Haussknecht states 
that it is the produce of Cotoneaster nummularia, Fisch. and 
Mey. (Rosacez), and Atraphazis spinosa, L. (Polygonacez), 
and that it is brought chiefly from Herat. 

Oak manna, according to Haussknecht, is collected from 


2See Bombay Lit. Tr., vol. i. art. 16, for details as to the gaz-an- 
bin. A common Persian sweetmeat consists of w flour 
eaded with manna into a thick paste. 


MANNHEIM—MANNING. 


the twigs of Quercus Vallonea, Kotschy, and Q. persica, 
Jaub. and Spach, on which it is produced by the puncture 
of an insect during the month of August. This manna 
occurs in the state of agglutinated tears, and forms an 
object of some industry among the wandering tribes of 
Kurdistan at the present day. It is collected before 
sunrise, by shaking the grains of manna on to linen 
cloths spread out beneath the trees, or by dipping the 
small branches in hot water and evaporating the solution 
thus obtained. A substance collected by the inhabitants 
of Laristan from Pyrus glabra, Boiss., strongly resembles 
oak manna in appearance. 

Australian manna is found on the leaves of Hucalyptus 
viminalis, Lab.; the Lerp manna of Australia is of animal 
origin. 

Briangon manna is met with on the leaves of the com- 
mon LARCH (g.v.), and a kind of manna was at one time 
obtained from the cedar, but none of these are now col- 
lected for commercial purposes. 

The manna of Scripture, notwithstanding the miracu- 
lous circumstances which distinguish it in the Biblical 
narrative from anything now known, answers in its de- 
scription very closely to the tamarisk manna. 

See Pharmacographia, p. 409; Hanbury, Science Papers, p. 
355-368 ; Stewart, Punjab Plants, Lahore, 1869, pp. 57-92; 
Geoffroy, Mat. Med., ii. (1741) p. 584; Dobson, Proc. Roy. 
Soc. Van Diemen’s Land, i. (1851) p. 234. 


MANNHEIM, the most populous town and the 
second capital of the grand-duchy of Baden, lies on 
the right bank of the Rhine, in the triangular piece 
of low-lying ground inclosed between that river and 
the Neckar. It is the most regularly built town in 
Germany, consisting of twelve parallel streets inter- 
sected at right angles by ten others, which cut it up 
into about 130 square sections of equal size. These 
blocks are distinguished, after the 
American fashion, by letters and 
numerals. Except on the south 
side all the streets debouch on the 
promenade, which forms a circle 
round the town on the site of the 
old ramparts. Outside this ring 
are the suburbs of 
Schwetzinger Gir- 
ten to the south 
and Neckargirten 


heim is connect- 
ed by a hand- 
some bridge 
with Ludwigs- 
hafen, a rapid- 
ly growing com- 
_mercial and 
manufacturing town on the left bank of the Rhine, in 
Bavarian territory. The Neckar is spanned by a sus- 
pension bridge. In 1880 Mannheim contained 53,545 
inhabitants, of whom about 4500 were Jews, and the 
rest Roman Catholics and Protestants in nearly equal 
proportions. Ludwigshafen contained 15,012 inhabit- 
ants. 
Nearly the whole of the south-west side of the 
town is occupied by the palace, built in 1720-29, 
and formerly the residence of the elector of the 


Plan of Mannheim. 
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| Palatinate. It is one of the largest buildings of 
the kind in Germany, covering an area of 15 acres, 
and haying a frontage of 650 yards. The left wing 
was totally destroyed by the bombardment of 1795, 
but has since been restored. The palace contains 
a picture gallery and collections of natural history 
and antiquities. The large and beautiful garden at 
the back forms the public park of the town. Among 
the other prominent buildings are the theatre, the 
arsenal, the synagogue, the ‘‘ kaufhaus,’’ the town- 
hall, the railway station, and the observatory. ‘The 
only noteworthy church is that of the old Jesuit 
college, the interior of which is lavishly decorated 
with marble and painting. The square in front of 
the theatre is embellished with statues of Schiller, 
Iffand the actor, and Dalberg, intendant of the 
theatre in the time of Schiller. Mannheim is the 
chief commercial town on the upper Rhine, and 
yields in importance to Coblentz and Cologne alone 
among the lower Rhenish towns. The staple com- 
modities of its trade are tobacco, grain, petroleum, 
hops, timber, and coffee. Its new harbor, con- 
structed at a cost of £650,000, and measuring 2300 
yards in length, is the most extensive inland harbor 
in‘Germany. It is entered annually by 3000 river 
craft, carrying nearly 700,000 tons of goods. The 
railway goods station and warehouses in connec- 
tion with the harbor cover 400 acres of ground. 
The principal industrial products of Mannheim are 
machinery, iron, brass, india-rubber, sugar, mirrors, 
chemicals, wall-paper, and cigars. The manufac- 
tories of Ludwigshafen produce aniline dyes, soda, 
tartaric acid, alum, artificial manures, and lime. 
Mannheim is the seat of the central board for the 
navigation of the Rhine, of a chamber of commerce, 
and of the supreme court of Baden. Ten or twelve 
different countries are represented here by their con- 
suls. The schools and public institutions of Mann- 
heim include a gymnasium, a ‘‘realschule,”’ an in- 
dustrial school, a high school for girls, a public 
library, a large poorhouse, three hospitals, and an 
orphanage. 
History.—The name of Mannheim was connected with 
its present site as early as the 8th century, when 
a small village belonging to the abbey of Lorsch 
lay in the marshy district between the Neckar and 
the Rhine. To the south of this village, on the 
Rhine, was the castle of Eicholzheim, which acquired 
some celebrity as the place of confinement assigned to 
Pope John XXIII. by the council of Constance. The 
history of the modern Mannheim begins, however, with 
the opening of the 17th century, when Elector John 
Frederick LY. founded a town here, which he peopled 
chiefly with Protestant refugees from Holland. The 
strongly fortified castle which he erected at the same 
time had the unfortunate result of making the infant 
town an object of contention in the Thirty Years’ War, 
during which it was five times taken and retaken. In 
1689 Mannheim, which had in the mean time recovered 
from its former disasters, was captured by the French 
under Melac, and ruthlessly destroyed. Ten years 
later it was rebuilt on an extended scale and provided 
with fortifications. For its subsequent importance it 
was indebted to Elector Charles Philip, who, owing to 
ecclesiastical disputes, transferred his residence from 
Heidelberg to Mannheim in 1720. It remained the cap- 
ital of the Palatinate for nearly sixty years. In 1794 
Mannheim fell into the hands of the French, and in the 
following year it was retaken by the Austrians after a 
severe bombardment, which left scarcely a single build- 
ing uninjured. In 1802 it was assigned to the grand-duke 
of Baden, who caused the fortifications to be razed. Lud- 
wigshafen, originally only the téte-du-pont of Mannheim, 
received its present name in 1843, and became a town in 
1859. Towards the end of last century Mannheim attained 
great celebrity in the literary world as the place where 
Schiller’s early plays were performed for the first time. It 
was at Mannheim that Kotzebue was assassinated in 1819. 
See Feder, Geschichte der Stadt Mannheim, 1875; and Un- 
glenk, Praktischer Fiihrer durch Mannheim, 1880. 


MANNING, Rogert, commonly known as Robert 
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of Brunne, a monk of the priory of Brunne or Bourne 
in Lincolnshire, wrote in the beginning of the reign of 
Edward III. a metrical history of England from the 
landing of the imaginary Brute to the end of the reign 
of Edward I. The work has no independent historical 
value; it professedly follows Peter of Langtoft’s Chron- 
icle from the Anglo-Saxon or “‘ Inglis” invasion down- 
wards, and Wace for the previous ‘‘ British’’ story. It 
is a lively narrative, written ‘‘not for the lered bot for 
the lewed,”’ and it has a certain interest as a landmark, 
not only in the history of the English language, but 
also in the history of national sentiment. Manning is 
warm in praise of the deeds and the character of Ed- 
ward I., ‘‘ Hdward of Inglond,” although he deplores 
the Norman Conquest as a ‘‘bondage,’’ and says con- 
cerning the death of Harold that ‘tour freedom that 
day for ever took the leave.’’ The old monk is our 
first avowedly ‘‘ popular’’ historian. He wrote for the 
entertainment of men who knew neither Latin nor 
French, and in his prologue comments humorously on 
the ‘‘quaint Knglish’’ and subtle 

rhymes of his predecessors, clauning for TA 
himself purity of language and sim- i 
plicity of metre. A passage in this i 
prologue has often been quoted as. bear- 
ing on the authorship of the romance 
of Sir Tristram. Manning also trans- 
lated William of Waddington’s Manuel 
des Pechiez under the title of Handlying 
Synne, in 1303, and is plausibly conjec- } 
tured to be the author of Medytacyuns | 
of the Soper of owre Lorde LIhesu, 
translated from Bonaventura’s Vita | 
Christi. He is not a bald rhymester, 
but uses language with skill and effect, i} 
and in some places where he departs 
from his originals shows genuine poeti- 
cal rapture. 

MANOMETER, or PRESSURE 
GAUGE, is an instrument for measuring i} 
the hydrostatic pressure exerted by i 
gases, vapors, or liquids against the 
sides of the closed vessels in which | 
they are confined,—as for instance, Hi 
the pressure of steam in a steam-boiler. i 

i) 
| 
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The simplest and at the same time 
most accurate form of manometer is | 
that known as the ‘‘ mercury I 
manometer,’’ sometimes also called the Hf 
‘free-air manometer,’ and represented i 
in fig. 1. It consists essentially of two i] 
vertical communicating tubes. One | 
of these, AB, open at both ends, and } 
made of thick glass, with a narrow uni- 
form bore, is fixed hermetically in the 
neck of a large wrought-iron cylinder 
C, its lower end dipping below the sur- 
face of mercury contained in the cylin- 
der. The other tube, EF, is attached 
at its lower end to the cylinder by the | 
cross pipe D, and at its upper end can it 
be put in communication with the ves- 
sel the pressure in which is to be ascer- 
tained. Usually the tube HF, the cross 
pipe D, and the space above the mer- 
cury in C, are filled with water. At 
first the tube EF is left open to the at- 
mosphere, and the height of the mer- 
cury in AB noted. When EF is then 
put in communication with the vessel in which the 
pressure (above atmospheric) is to be determined, the 
mercury in AB rises, and from the height to which it 
rises the pressure is deduced. For accurate work cor- 
rections must be made for the fall of the mercury in 0 
as it rises in AB, and for the temperature and the 
height of the barometer at the time of the experiment. 


The great drawback to the employment of the simple 
mercury manometer for measuring very great pressures is 


Fic. 1.—Mercury 
Manometer. 
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the mechanical difficulty of obtaining a sufficiently long 
column of mercury. E. H. M. Amagat, however, has 
lately (1880) worked with a column one-fifth of a mile 
high. His expetiments were undertaken to find out how 
the various gases, nitrogen, oxygen, air, hydrogen, etc., 
departed from Mariotte’s law when subjected to enormous 
pressures, At the bottom of a coal mine at Verpilleux, 
near St. Etienne, which had a depth of 327 metres, was 
placed the glass manometer tube containing the compressed 
gas, while the mercury tube (made of steel) extended up the 
shaft, being gradually built up in sections. See Nature, vol. 
xxii. pp. 62, 63. By means of Amagat’s tables of the 
volume and corresponding pressure of the several gases, © 
and with special forms of manometer to suit particular cir- 
cumstances, accurate and delicate measures of enormous 
pressures can now be obtained. Professor Tait, forinstance, . 
has recently applied these tables along with amanometer of 
his own devising for testing the behavior of the thermome- 
ters supplied to the “ Challenger” expedition under a pres- 
sure of as much as 10 tons to the square inch. 


‘*Regnault’s manometer’’ is shown in fig, 2. AB 
is a strong metal tube, closed at the lower end, and 
carrying at the upper a bent pipe for admitting the 
compressed gas and a stop-cock R pierced with holes 
ina T form. DE and FG are two graduated glass 
tubes communicating at their lower ends by a narrow 
passage in the metal block to which they are hermeti- 
cally fixed. DH and AB also communicate at the 
upper ends by a passage in a metal piece attached 
hermetically to them. By the stop-cock R’, having 
radial holes at right angles to each other, DE can 
communicate either with AB or with the atmosphere 
at O; and by the stop-cock R’’ it can communicate 
either with FG or with the open air. The three tubes 
are surrounded by a cylinder MM’ containing water 
to keep the temperature constant. The tube AB is 
filled with the compressed gas whose pressure is 
to be ascertained. The stop-cock R/ re then 
placed as in fig. 2, mercury is poured into FG till 
it fills DE and runs out at The stop-cocks 
R and R’ are then turned as in fig. 2a, so that 
AB and DE communicate with each other. Part of 
the compressed gas flows over into DE, and the mer- 
cury in FG 
rises. By ma- 
nipulating the 
stop-cock R’’, 
as shown in 
fig. 2b, part of 
the mercury is 
allowed to run 
out of DE till 
a convenient- 
ly measurable 
difference ot: 
level between 
the mercury 
surfaces in DH 
and FG is at- 
tained. 


Let h be this 
difference. Also 
let « be the 
pressure of the 
gas originally 
filling the vol- 
ume V of AB, 
Vv’ the addi- 
tional volume 
occupied by the 
expanded gas, 
and H be the 
height of the 
barometer at 
the time; then 
we have by Mariotte’s law xV =(V-+-V’)(H-+A), from which 


v' 

v (H-++h) 5 - C 5 5 0 veel) 
V’ is determined by weighing the mercury required to 

| fill the space it occupies, and V can be calculated from (1) 


when AB is filled with dry air at pressure H. 
In Regnault’s apparatus the length of AB and DE wast 


Fia. 2.—Regnault’s Manometer. 
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metre, the diameter of AB5 mm. and of DE20mm. The 
section of DE was thus sixteen times that of AB, and in 
this way a very great pressure could be measured by a com- 
paratively small difference of level between the mercury 
surfaces in FG and DE. The instrument, however, is sub- 
ject to errors, arising chiefly from the difficulty of meas- 
uring accurately the volumes V and Mig 

The ‘‘ compressed air manometer’’ (fig. 3) consists 
of astrong graduated glass tube of uniform narrow 
bore, closed at the top and fixed hermetically into the 
neck of a wide iron eylinder. The 
tube contains dry air, and its lower 
end dips below the surface of mercury 
contained in the cylinder. Attached 
to the side of the cylinder is a tube 
A, with a stop-cock, to afford com- 
munication with the vessel the pres- 
sure in which is to be measured. 
When the manometer is attached 
to the vessel containing compressed 
gas the mercury rises in the glass 
tube till the pressure of the air con- 
fined in the tube (reckoned in milli- 
metres of mercury) plus the height 
of the mercury column above the level 
of the mercury in the cylinder is equal 
to the pressure on the surface of mer- 
cury in the cylinder. 

“ Desgoffe’s manometer” depends upon 
the same principle as the hydraulic press, 
and can be employed to measure the enor- 
mous pressure reached in the cylinder of 
thatinstrument. Itis represented in per- 
spective in fig. 4 and in section in fig. 5. 
V is a strong circular iron vessel, in which 
moves up and down for a short distance a 


flat piston D attached to a cylindrical plug Fig. 3 
T. The lower part of V contains mercury Compressed Air 
Manometer, 


which has free communication with a 
graduated vertical glass tube AB fixed hermetically into 
the side of VY. Above the mercury in V is placed a thin 
layer of water, and above that is stretched a thin mem- 
brane of india-rubber bolted down water-tight by an 
iron ring. The chamber C contains a cavity in which the 
plug T moves water-tight. By means of the tube ¢ the in- 
strument can be put in communication with the vessel 
containing the fluid whose pressure is to be measured. The 
compressed fluid acting upon T depresses the piston D and 
causes the mercury to rise in AB. 

Let p be the pressure of the fluid per unit of aie s the 
area of T,and 
S the area 
of D; also 
let P be the 
pressure per 
unit of area 
as recorded 
by the height 
of the mer- 
cury in AB. 
Thus evi- 
dently we 
_ have ps=Ps, 


or pa. 


Hence by 
making 8 
very great 
and 8s very 
small a very 
great  pres- 
sure can be 
measured by 
a compara- 
tively short 
column of 
mercury in 
AB. As part 
of the pres- 
sure pis 
employed to 
stretch the 


My | 


I 
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ratio S: ~s Fia. 5. Section of Desgoffe’s Manometer. 
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should be made very great, so that D will only sink a 
very short distance. Cuailletet, who employed this mano- 
meter in his experiments on the compressibility of 
fluids, had it so arranged that (ueglecting the stretch- 
ing of the india-rubber) the mercury in AB rose 4.3 metres 
while the piston in D sunk only one-eighth of a milli- 
metre. 

Metallic manometers depend on the principle exemplified 
in the aneroid barometer. Suppose a long tube, preferably 
of elliptic section, and having thin walls of elastic material, 
to be closed at one end and either bent or coiled up in the 
form of a spiral. Let the open end be attached to an appa- 
ratus whereby the pressure inside the tube can be either 
increased or diminished. If the pressure inside the 
tube be made greater than that outside, the tube has 
a tendency to straighten or uncoil itself, but if the pres- 
sure outside be greater than that inside the tube has a 
tendency to bend or coil itself up farther. Fig. 6 represents 
an early form of metallic manometer made on this 
principle by Bourdon, the first to construct such instru- 
ments. A 
metallictube 
ab, closed at 
db, is coiled in 
a spiral and 
rigidly at- 
tached at the 
open end ato 
a tube with 
stop-cock m, 
whereby it 
can commu- 
nicate with 
the compres- 
sion appara- 
tus. A light 
index e is 
attached to b 
and moves 
over a grad- 
uated scale. 
The scale 
is graduated 
by applying 
known pres- 
sures inside 
the tube. This form of manometer is very convenient 
for rough practical work, but has no pretensions to 
scientific accuracy, as changes of temperature affect the 
elasticity of the tube in a way which is difficult to discover 
and allow for. Various forms of metallic manometers have 
been recently invented, the best-known of which are per- 
haps those of Bourdon and Schafer, in which the index is 
moved by a train of wheels actuated by the free end of the 
elastic tube. 

Air-pump Manometer.—For measuring pressures less than 
that. of the atmosphere, as in the receiver of an air-pump, a 
special form of mercury manometer is employed, consisting 
of a glass UY tube with each leg over thirty inches long and 
half filled with mereury. One leg communicates by an air- 
tight communication with the receiver of the air-pump, and 
the other is left open. As the exhaustion proceeds, the mer- 
cury falls in the open leg and rises in the other, When only 
considerable degrees of exhaustion are to be measured, 
the instrument takes the form of a short U tube closed at 
one end and open at the other, and has its closed leg com- 
pletely filled with mereury, the mercury being held up by 
the atmospheric pressure. The whole is inclosed in a wide 
glass tube closed at the top and hermetically fixed at the 
lower end to a brass piece, provided with a stop-cock, 
whereby it can be screwed on to the sole plate of the air- 
pump. The difference of level in the twolegs gives the 
degree of exhaustion obtained. 

See Ganot’s Physics ; Wullner’s Lehrbuch der Experimental- 
physik ; Amagat in Annales de Chemie et de Physique, March, 
1880; Report of H. M.S. Challenger, in regard to pressure 
corrections supplied by thermometers, by Professor Tait. 

(J. BL.) 

MANOR, in English law, is an estate in land, to 
which is incident the right to hold certain courts called 
courts baron. It might be described as the unit of 
tenure under the feudal system, and it is historically 
connected with the territorial divisions of the mark and 


the parish or township.' The legal theory of the 


1 Layeleye (Primitive Property, chap. xviii.) observed that in the 
10th century, even before the Norman Conquest, the mark had 
already been transformed into the manor, although the term was 
not yet inuse. The country ws covered with a great number 
of domains (maneria), of very different extent, from the manerio- 
lum. of one plough to the latifundium of fifty ploughs. 


Fia. 6.—Bourdon’s Metallic Manometer, 
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origin of manors refers them to a grant from the 
crown, as stated in the following extract from Per- 
kins’s Z’reatise on the laws of England: ‘‘ The begin- 
ning of a manor was when the king gaye a thousand 


acres of land, or a greater or lesser parcel of land, unto | 
one of his subjects and his heirs, which tenure is) 


knight’s service at the least. And the donor did per- 
haps build a mansion-house upon parcel of the same 
land, and of 20 acres, parcel of that which remained, 
or of a greater or lesser parcel before the statute of 
Quia Emptores did enfeoff astranger to hold of him and 
his heirs to plow 10 acres of land, parcel of that which 
remained in his possession, and did enfeoff another of 
another parcel thereof to go to war with him against 
the Scots, etc., and so by continuance of time made a 
manor.’ It is still, as Mr. Joshua Williams terms it, 
a ‘‘fundamental rule’’ that all lands were originally 
derived from the crown, and that the queen is lady 
paramount mediate or immediate of all the land in the 
realm. A manor then arises where the owner of a 
parcel so granted or supposed to have been granted by 
the crown (and who is ecalled’in relation thereto the 
lord), has in turn granted portions thereof to others 
who stand to him in the relation of tenants. Of the 
portion reserved by the lord for his own use (his 
demesne) part was occupied by villeins, with the duty 
of cultivating the rest for the lord’s use. These were 
originally tenants at will, and in a state of semi-serf- 
dom, but they became in course of time the copyhold 
tenants of the later law. (See CopyHoip.) It is of 
the essence of copyhold that it should be regulated by 
the custom of the manor; and that, according to some 
authorities, is one reason why a manor cannot be 
created at the present day. ‘‘ Length of time being of 
the very essence of a manor, such things as receive 
their perfection by the continuance of time come not 
within the compass of aking’s prerogative’’ (Scriven, 
Copyholds, chap. 1.). But the effect of the statute of 
Quia Enuptores was to make the creation of manors 
henceforward impossible, inasmuch as it enacted ‘‘that 
upon all sales or feoffments of land, the feoffee shall 
hold the same, not of his immediate feoffor, but of 
the chief lord of the fee of whom such feoffor himself 
held it.’’ The statute did not apply to the king’s 
tenants in capite, who might have aliened their land 
under a licence. Accordingly it is assumed that all ex- 
isting manors are ‘‘of adate prior to the statute of 
Quia Emptores, except perhaps. some which may 
have been created by the king’s tenants in capite 
with licence from the crown’ (Williams, Real 
Property, chap. iy. ; see also Scriven, Copyholds, chap. 
i.). When a great baron had granted out smaller 
manors to others, the seignory of the superior baron 
was frequently termed an honor. 

MANRESA, a town of Catalonia, Spain, 39 miles 
northwest of Barcelona, with a population of 15,264. 
It was formerly Bacasis, one of the cities of the Jac- 
cetani, the most important of the small tribes at the 
foot of the Pyrenees. It lies on the left bank of the 
Cardonero, 2 miles above its junction with the Llobre- 
gat, in the midst of a fertile and well-irrigated district, 
and its chief manufactures are cloth, cotton, silk, gun- 
powder, and brandy. Building stone is quarried near 
the town. The Cardonero is crossed by two bridges, 
—one ancient, the other erected in 1804. The two 
ee sights of Manresa are the collegiate church, 

1 Seo, commenced in 1328, and finished in the 15th 
century, and the Cueva de San Ygnacio. The late 
Mr. G. E. Street has minutely described the church in 
his Gothic Architecture of Spain. Among its greatest 
treasures he specializes a magnificent altar frontal as 
‘‘the most beautiful work of its age.’’ It is 10 feet 
long by 2 feet 10 inches in height, and is divided into 
nine compartments, at the bottom of which is the in- 
scription in Lombardic characters:—GERI: LAPT: 
RECHAMATORE: MEFECIT: INFLORENTIA. In the 
Cueva de San Ygnacio, Ignatius Loyola lived for a 
year, fasting and submitting himself to the severest pen- 
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ances, constantly gazing at the shrine of the Virgin of 
Montserrat, who, he asserted, encouraged him in his 
austerities. A great monastery surrounds the cave, 
which is visited by thousands of pilgrims, and from the 
esplanade there is a magnificent view of the “‘ pinnacles, 
spires, turrets, sugar-loaves, and pyramids of faint gray 
rocks,’’ constituting the famous mountain of Montser- 
rat. At Cardona, a little more than 20 miles to the 
northwest of Manresa, there is a remarkable hill of 
rock-salt 3 miles in circumference, and 350 feet in 
height, which is estimated to contain 400 million cubic 
yards of salt. 

MANS, Ls, a town of France, formerly capital of 
Maine and now of the department of Sarthe, lies 118 
miles (131 by rail) W.S.W. from Paris, near the con- 
fluence of the Sarthe and the Huisne, on an elevation 
rising from the left bank of the former river. Three 
bridges besides that of the railway connect the town 
with the quarter on the right bank. Of the wide and 
commodious thoroughfares which are gradually super- 
seding the old. winding and narrow streets, the most 
worthy of notice is the tunnel by which the Place des 
Jacobins is connected with the river side. The prin- 
cipal building is the cathedral, originally founded by 
St. Julian, to whom it is dedicated. Rebuilt in the 
6th century by St. Innocent, in the 9th by St. Aldvic, 
and a third or fourth time in the 11th by Vulgrin, who 
was at once architect and bishop, it was completed by 
the addition of two towers in the 12th. Destroyed by 
two fires, the roof was reconstructed in the Gothic 
style, and the transept and south portal were added. 
In the 13th century the choir was enlarged in the 
erandest and boldest style of that magnificent period. 
Tinally a new transept and a bell tower were added in 
the 15th century. In the large window of the west 
front, the ten divisions which have for their subject the 
legend of St. Julian are the oldest extant specimens 
of stained glass in France (end of 11th century). The 
side portal (12th century) is richly decorated, and its 
statuettes exhibit many interesting costumes of the 
period. The aisles have ten bays, but the nave only 
five; the transept is much higher; from it rises the 
only tower of the building. The austere simplicity 
of the nave is in striking contrast with the lavish rich- 
ness of the ornamentation in the choir and apse. The 
former is 115 feet in height, and has twelve chapels 
besides the sacristy ; its windows almost entirely date 
from the middle of the 13th century. The glass of 
the north transept is of the 15th century, ae repre- 
sents the Last Judgment; it contains many historical 
figures. The cathedral has also curious tapestries and 
some remarkable tombs, including that of Berengaria, . 
queen of Richard Cour de Lion. The entire length 
of the building is 427 feet. Close to the western wall 
is a megalithic monument nearly 15 feet in height. 
The church of La Couture, which belonged to an old 
abbey founded in the 7th century by St. Bertrand or 
Bertram, hasa remarkable porch of the 13th century ; 
the rest of the building is older. Of the other churches 
of Le Mans, none require special mention except that 
of Notre Dame du Pré, on the right bank of the 
Sarthe. Of the secular buildings may be mentioned 
the hétel de ville, built about a century ago on the site 
of the former castle of the counts of Maine, and the 

refecture, occupying the site of the monastery of La 

outure (1760). The latter contains the library (50,000 
volumes, 700 MSS.), the communal archives, and the 
museum of paintings, archeology, and natural history. 
Other prominent buildings are the general hospital, 
the lyceum, the seminary, the palais de justice, and the 
cavalry barracks; the house occupied by Scarron is 
still pointed out, and there are considerable remains 
of the old Gallo-Roman enceinte. The principal prome- 
nades are those of the Jacobins, of the horticultural 
garden, Du Greffier (on the right bank of the river), 
and Des Sapins (on the road to Tours). The industries 
of Le Mans, which are carried on chiefly in the faubour, 
of Pontlieue, include metal-working, the manufacture 0 
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igricultural implements, and weaving. For some years 
there has been a Government tobacco factory. A local 
specialty is the fattening of poultry. The population in 
1876 was 50,175 (including 5282 representing the garri- 
son, etc.). Le Mans is an important railway junction. 


As the capital of the Aulerci Cenomani, Le Mans was 
called Suindinum or Vindinum. The Romans surrounded 
it with walls in the 3d century; it was evangelized by St. 
Julian in the 4th. The countship of Maine was made he- 
reditary by Hugh Capet in the 10th century. Le Mans was 
seized by William the Conqueror, but his son Robert was 
unable to retain it. Having chosen the side of Richard 
Ceeur de Lion, it was taken by Philip Augustus, recaptured 
by Jobn, subsequently confiscated, and afterwards ceded to 
the widow of Richard. Maine was next held by Margaret, 
the wife of St. Louis, who gave it to his brother Charles 
of Anjou. Le Mans was five times* besieged during the 
Hundred Years’ War, and was subsequently devastated by 
the Huguenots in 1562. In 1793 it was seized by the Ven- 
deans, who were expelled by Marceau after a sanguinary 
battle in the streets of the town. In 1799 it was again oc- 
cupied by the Chouans; and in January, 1871 the second 
army of the Loire sustained in the neighborhood of Le 
Mans adefeat which made the relief of Paris impossible. 
The town is the birth-place of Henry II. of England, of 
John the Good, king of France, and of Chappe, the inyen- 
tor of the aerial telegraph. 


MANSEL, Henry Loneauryvitie (1820-1871), 
metaphysician and theologian, was born at Cosgrove, 
Northamptonshire (where his father was rector) in 
1820, and educated at Merchant Taylors’ School and 
St. John’s College, Oxford. He succeeded to a fellow- 
ship in 1842, graduated in 1843, and became tutor of 
his college. e was appointed reader in moral and 
metaphysical philosophy at Magdalen College in 1855, 
becoming Waynflete professor in 1859. In 1867 he 
succeeded Dean Stanley as professor of ecclesiastical 
history, and in the following year was appointed dean 


of St. Paul’s. He died July 31, 1871. 


The philosophy of Mansel, like that of his older contempo- 
rary Sir. W. Hamilton of Edinburgh, was mainly due to 
three sources,—the works of Aristotle, the speculations of 
Kant, and the philosophy of Reid. Like Hamilton, Man- 
sel maintained the purely formal character of logical 
science, the duality of consciousness as testifying to both 
self and the external world, and the limitation of knowl- 
edge to the finite and “ conditioned.” His logical doctrines 
were developed in his edition of Aldrich’s Artis Logice 
Rudimenta (1849)—his chief contribution to the reviving 
study of Aristotle—and in his Prolegomena Logica,—an In- 
quiry into the Phsychological Character of Logical Processes 
(1851), in which the limits of logic as the “science of 
formal thinking” are rigorously determined. In his 
Bampton Lectures on The Limits of Religious Thought (1858) 
he applied to Christian theology the metaphysical agnosti- 
cism which seemed to result from Kant’s criticism, and 
which had been developed in Hamilton’s Philosophy of the 
Unconditioned. Showing the contradictions which arise when 
we attempt to conceive God under the categories of sub- 
stance or cause, Mansel contends that we can have no positive 
conception either of the metaphysical or moral attributes 
of the Absolute and Infinite Being, though we are compel- 
led to believe in His existence, the religious consciousness 
being built up by, reflection from the feeling of depend- 
ence and the conviction of moral obligation. Hence he 
infers the invalidity of all objections to revelation from its 
alleged inconsistency with the Divine character, maintain- 
ing the dependence of its claim to acceptance upon the 
evidences accompanying it. While denying all knowledge 
of the supersensuous, Mansel deviated from Kant in con- 
tending that cognition of the ego as it really is is itself 
a fact of experience. Consciousness, he held,—agreeing 
thus with the doctrine of “ natural realism” which Hamil- 
ton developed from Reid,—implies knowledge both of self 
and of the external world. Thelatter Mansel’s psychology 
reduces to consciousness of our organism as extended ; with 
the: former is given consciousness of free-will and moral 
obligation. These views and a summary of his whole phi- 
losophy are contained in his article ‘‘ Metaphysics”’ con- 
tributed to the 8th edition of the Encyclopedia Britannica 
(separately published, 1860). Mansel was also the author 
of an essay on The Philosophy of the Conditioned (1866) in 
reply to Mill’s criticism of Hamilton, of other controver- 
sial and occasional. writings republished in Letters, Lectures, 
and Reviews (1873), and of lectures on The Gnostic Heresies 
(edited by J. B. Lightfoot, 1875). 
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MANSFELD, Count Ernest or (1585-1626), a 
natural son of Peter Ernest, governor of Luxemburg 
and Brussels, was born in 1585, Trained by his god- 
father, the archduke Krnest of Austria, in the Roman 
Catholic religion, he devoted himself to the service of 
the king of Spain in the Netherlands, and to that of 
the emperor in Hungary. The emperor Rudolf II. 
conferred on him the rights of legitimate birth, and 
promised to put him in possession of his father’s 
lands in the Netherlands. As this promise was not 
fulfilled, he joined the Reformed Church, and in 1610 
formally associated himself with the Protestant 

rinces. From the outbreak of the Thirty Years’ 

Var in 1618 he fought steadily on behalf of the elec- 
tor of the Palatinate both in Bohemia and in the 
Rhine country. In 1625 he was able to collect a pow- 
erful force with which he intended to attack the hered- 
itary territories of Austria, but, on the 25th of April, 
1626, he was defeated by Wallenstein at Dessau. He 
pressed forward to effect a junction with Bethlen 
Gabor, prince of Transylvania, but as the latter 
changed fig policy Mansfeld had no alternative but to 
disband his army. When preparing to go to England 
by Venice, he became ill at a village near Zara, and 
died on the 20th of November, 1626. He was a man 
of great courage and resource, and ranks among the 
most brilliant generals of his age. 

See Reuss, Graf Ernst von Mansfeld im bihmischen Kriege 
1618-21 (1865); Villermont, Lrnest de Mansfeld (1866); and 
Graf Uetterodt zu Scharffenberg, Brust Graf zu Mansfeld, 
historische Darstellung (1867). 

MANSFIELD, a market-town in the county of Not- 
tingham, England, is situated in Sherwood Forest, near 
the north bank of the river Mann or Maun, 17 
miles northwest from Nottingham, and 140 north- 
northwest of London by rail. The town is built of 
stone, with regular streets radiating from the market- 

lace, and several good houses. The church of St. 
Barer is partly Early Norman and partly Perpendicu- 
lar. There is a grammar school founded by Queen 
Elizabeth in 1561, for which new buildings have lately 
been erected at a cost of £10,000. Twelve almshouses 
were founded by Elizabeth Heath, in 1693, and to 
these six were afterwards added. In addition there 
are a number of other charities. The other principal 
buildings are the town-hall, the mechanics’ institute, 
and the public baths. In the market-place there is a 
monument to Lord George Bentinck. The industries 
of the town are the manufacture of lace thread, cotton 
hose, machines, engines, and bricks and tiles, iron- 
founding, and brewing. In the neighborhood there 
are quarries of limestone, sandstone, and freestone. 
Population in 1871, 11,824; in 1881, 13,651. 

From coins found at Mansfield and the remains of a Ro- 
man villa in the neighborhood, it is believed to haye been ”* 
a Roman station. During the heptarchy it was occasion- 
ally the residence of the Mercian kings, and it was after- 
wards a favorite resort of Norman sovereigns. By Henry 
VIII. the manor was granted to the earl of Surrey. After- 
wards it went by exchange to the duke of Newcastle, and 
from the Neweastles to the Portland family. The town 
obtained a fair from Richard II. in 1377. 

MANSFIELD, the county seat of Richland county, 
Ohio, U. 8., pleasantly situated on high ground, 54 
miles south of Sandusky, in the midst of a prosperous 
farming district. It is the terminus of the North- 
western Ohio Railroad, and is at the junction of the 
Baltimore and Ohio, the Pittsburg, Fort Wayne, and 
Chicago, and the New York, Pennsylvania, and Ohio 
lines. It possesses a flourishing trade, and extensive 
manufactories of agricultural implements, machinery, 
flour, boilers, carriages and household furniture, with 
many minor industries. Mansfield has public water- 
works on the ‘‘ Holly’ system, a public library, and an 
opera-house. The population was 8029 in 1870 and 
9859 in 1880. 

MANSFIELD, Witiiam Murray, Haru or (1705 
-1793), was born at Scone, in Perthshire, on 2d March 
1705. He was the eleventh child and fourth son of 
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David, fifth Viscount Stormont, a nobleman whose 
family possessions had shrunk within so narrow limits 
that he had to bring up his numerous family with 
exceedingly strict economy. ‘The family was Jacobite 
in its politics, and the second son, being apparently 
mixed up in some of the plots of the time, joined the 
court of the Pretender at the accession of George I., and 
was created by him earl of Dunbar. William Murray 
was sent first to the grammar school at Perth, where 
he remained until he was thirteen, and at that age he 
was sent to Westminster at the suggestion of his 
exiled brother, who had been in close relation with 
Atterbury (then dean of Westminster), and probably 
desired to bring the boy under his influence. He was 
elected a king’s scholar a year after his entrance, and 
in 1723 was first on the list of scholars sent on the 
foundation to Christ Church, where he remained for 
nearly four years. It had been originally intended 
that he should enter the English Church, as, although 
his own inclination while at school pointed strongly to- 
wards the bar, the circumstances of his family seemed to 
forbid the expense of a legal education. But this ob- 
stacle was removed by the kindness of the father of 
one of his school-fellows, and he was entered at Lin- 
coln’s Inn. Soon after he went to Oxford. In 1727 
he took chambers in Lincoln’s Inn, and in 1730 was 
called to the bar. His studies from the time he left 
Westminster seem to have been steadily directed 
towards his future profession, but ina manner far more 
liberal than was then usual among lawyers. He had 
thade himself at Westminster and Oxford an admir- 
able classical scholar ; he paid particular attention to 
English composition and to the art of debate ; his his- 
torical studies were extensive, and in the more strictly 
professional sphere his wide view of the education neces- 
sary for a lawyer was shown by the knowledge he ac- 

uired of Roman law and of the juridical writers of 
Seotiand and France. At the same time he enjoyed the 
advantage of mixing extensively with the best literary 
society. He had early become an intimate friend of 
Pope, and his own ability and accomplishments soon 
made him everywhere a man of mark. 

For two or three years he made little or no progress 
at the bar, but at length his appearance in some 
important Scotch appeal cases brought him into notice, 
and in Scotland at least he acquired an immense repu- 
tation by his appearance for the city of Edinburgh 
when it was threatened with disfranchisement for the 
affair of the Porteous mob. His English business had 
as yet been scanty, but in 1737 a single speech in a 
jury trial of note may be said to have placed him at 
the head of the bar, and from this time he enjoyed a 

‘reat business. In 1738 he married Lady Elizabeth 
‘inch, daughter of the earl of Winchelsea. His po- 
litical career commenced in 1742 with his appointment 
as solicitor-general. Probably his political opinions 
were not of a marked party character; he had been 
bred a Jacobite, and many of his earlier associates be- 
longed to the high Tory camp, but his calm sense and 
temper disinclined him to extreme factions, and indeed 
his interest in politics seems at all times to have been 
subordinate to the love of his profession. He had 
kept entirely aloof during the struggles which pre- 
ceded the fall of Sir Robert Walpole; he refused any 
purely political appointment, and only took office as 
solicitor when he felt assured of the permanence of the 
new administration. During the next fourteen years 
Murray was one of the most conspicuous figures in the 
parliamentary history of the time. Although holding 
an office of subordinate rank, and not sharing, nomi- 
nally at least, in the councils of the administration, he 
was the chief defender of their measures in the House 
of Commons, and during the time that Pitt was in 
opposition had to bear the brunt of his attacks, He 
was especially conspicuous in the great debates on the 
employment of the Hanoverian troops, the treaty of 
Aix-la-Chapelle, and the Regency Bill. In 1754 he 
became attorney-general, and for the next two years 
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| acted as leader of the House of Commons under the 
administration of the duke of Newcastle. During 
these years he had to defend a weak Government 
against the incessant, vehement assaults of Pitt, and 
according to the testimony of contemporaries, acquitte 
himself brilliantly in the contest. But in 1756, when 
the Government was evidently approaching its fall, an 
unexpected vacancy occurred in the chief justiceship 
of the king’s bench, and he claimed the office. New- 
castle made every effort to retain him in the House of 
Commons, feeling as he did that his departure would 
hasten the fall of the Government, but Murray was 
inexorable. He seems to have been thoroughly tired 
of his parliamentary life, and to have long looked for- 
ward to the bench as the proper sphere of his work. 
He was at the same time raised to the peerage as 
Baron Mansfield. 

From this time the chief interest of his career lies 
in his judicial work, but he did not wholly dissever 
himself from politics. He became by a singular ar- 
rangement, only once repeated subsequently in the case 
of Lord Ellenborough, a member of the cabinet, and 
remained in that position through various changes of 
administration for nearly fifteen years, and, although 
he persistently refused the chancellorship, he acted as 
speaker of the House of Lords while the great seal 
was in commission. During the time of Pitt’s as- 
ceudeney he took but little part in politics, but while 
Lord Bute was in power his influence was very consid- 
erable, and seems mostly to have been exerted in favor 
of a more moderate line of policy. He was on the 
whole a supporter of the prerogative, but within defi- 
nite limits. Macaulay terms him, justly enough, ‘‘the 
father of modern Toryism, of ‘Toryism modified to 
suit an order of things in which the House of Com- 
mons is the most powerful body in the state.’’ In 
this spirit he continued to act a conspicuous though 
not a foremost part in political life during the rest of 
his career. During the stormy session of 1770 he 
came into violent collision with Lord Chatham and 
Lord Camden in the questions that arose out of the 
Middlesex election and the trials for political libel, and 
in the subsequent years he was made the subject of 
the bitter attacks of Junius, in which his early Jacobite 
connections, and his apparent leanings to arbitrary 
power, were used against him with extraordinary 
ability and virulence. In 1776 he was created earl of 
Mansfield. In 1783, although he declined to re-enter 
the cabinet, he acted as speaker of the House of Lords 
during the coalition ministry, and with this his politi- 
cal career may be said to have closed. He continued 
to act as chief justice until his resignation in June 
1788, and after five years spent in quiet retirement 
died peacefully on 20th March, 1793. He left no family, 
but his title had been re-granted (in 1792) with a 
direct remainder to his nephew, Lord Stormont. 

Lord Mansfield’s great reputation rests chiefly on 
his judicial career. The political trials in which he 
presided, although they gave rise to numerous accusa- 
tions against him, were conducted with singular fair- 
ness and propriety. He was accused with especial bit- 
terness of favoring arbitrary power by the law which 
he laid down in the trials for libel which arose out of 
the publications of Junius and Horne Tooke, and 
which at a later time he reaffirmed in the case of the 
dean of St. Asaph (see Lipen). But, although his po- 
litical opinions led him to look with disfavor on the 
popular view, and although it was unquestionably un- 
fortunate that in some of these instances he was a 
member of the cabinet which directed the proceedings, 
we must remember that his view of the law was con- 
curred in by the great majority of the judges and law- 
yers of that time, and was supported by undoubted 
precedents. In other instances when the Government 
were equally concerned, he was wholly free from sus- 
picion. He supported Lord Camden’s decision against 
| general warrants, and reversed the outlawry of Wilkes. 
‘While on the whole he leaned in opinion to a view of 
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the law which we should now call oppressive, there is 
no instance in which he can justly be accused of wrest- 
ing it, and in every instance he treated the accused 
with a fairnessand decency which had not always been 
shown by his predecessors. In another way he came 
into conflict with popular prejudices. He was always 
ready to protect #98 rights of conscience, whether they 
were claimed by Dissenters or Catholics, and the popu- 
lar fury which led to the destruction of his house dur- 
ing the Gordon riots was directed against him very 
much because a Catholic priest, who was accused of 
saying mass, had escaped the penal laws by his charge 
to the jury. His chief celebrity, however, is founded 
upon the consummate ability with which he discharged 
the civil duties of his office. He has always been ree- 
ognized as the founder of English mercantile law. 
The common law as it existed before his time was 
wholly inadequate to cope with the new cases and cus- 
toms which arose with the increasing development of 
commerce. The facts were left to the jury to decide as 
best they might, and no principle was ever extracted 
from them which might serve as aguide in subsequent 
cases. Lord Mansfield found the law in this chaotic 
state, and left it ina form that was almost equivalent 
toacode. Working patiently with the Guildhall juries, 
whom he trained to act in thorough understanding 
with him, he defined almost every principle that goy- 
erned commercial transactions in such a manner that 
his successors had only to apply the rules he had laid 
down. Hisknowledge of Roman and foreign law, and 
the general width of his education, freed him from the 
danger of relying too exclusively upon narrow prece- 
dents, and afforded him a storehouse of principles and 
illustrations, while the grasp and acuteness of’ his in- 
tellect enabled him to put his judgments in a form 
which almost always commanded assent. <A similar in- 
fluence was exerted by him in other branches of the com- 
mon law ; and although, after his retirement, a reaction 
took place, and he was regarded for a while as one who 
had corrupted the ancient principles of Knglish law, 
these prejudices passed rapidly away, and the value of 
his work in bringing the older law in harmony with 
the oe of modern society has long been fully recog- 
nized, 

The chief defect of Lord Mansfield’s character was a 
certain coldness and want of moral courage. He had 
no very warm attachment’ either to persons or opinions, 
although invariably kindly and considerate in his de- 
meanor. Even his greatest speeches owe their impres- 
siveness to a certain intellectual nobleness and breadth 
of view. His attachment to justice was not impassioned, 
but of the type which is bred from highest professional 
custom, and from the kind of intellectual taste which 
led him so frequently to the ethical writings of Cicero. 
He could not always face the enthusiasm of Chatham, 
and we cannot feel certain that his courage would have 
sustained him through any very perilous stand for 
righteousness. But in the sphere in which he was 
chiefly famous these defects were scarcely disadvantages. 
His sense of duty and of personal dignity was amply 
sufficient to bear him perfectly unstained through life. 
No suitor had ever to complain of delay or neglect. 
His want of strong feeling only permitted him to use 
his magnificent intellect with greater impartiality; and, 
if at any time he was affected by personal prejudice, 
no trace of it was ever allowed to appear. Nothing 
ever disturbed the perfect dignity and propriety of his 
judicial conduct, which is apparent in every trial at 
which he presided. He impressed himself on the mind 
of his contemporaries as one of the best examples of 
what a great judge ought to be, and from that estimate 
a closer examination of his claims will scarcely lead us 
to differ. (A. GI.) 

MANSLAUGHTER. See Murper. 

MANSON, Groran (1850-1876), Scottish water- 
color painter, was born in Edinburgh on the 3d of De- 
cember, 1850. When about fifteen he was apprenticed 
as a woodcutter with Messrs. W. & R. Chambers, with 
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whom he remained for over five years, designing and 
engraving vignettes distinguished by singular rightness 
and directness of technical method, diligently employ- 
ing all his spare time in the study and practice of art, 
and producing in his morning and evening hours water- 
colors of much delicacy and beauty, like the Milking 
Time and the Cottage Door. In 187! he left the Messrs. 
Chambers, aad devoted himself exclusively to painting. 
His subjects were derived from humble Scottish life— 
especially child life, varied occasionally by portraiture, 
by landscape, and by views of picturesque architecture. 
In 1873 he visited Normandy, Belgiuin, and Holland; 
in the following year he spent several months in Sark: 
and in 1875 he resided at St. L6, and in Paris, where 
he mastered the processes of etching. He atterwards 
produced a series of plates which promised excellence 
in the art. Meanwhile in his water-color work he had 
been adding more of breadth and power to the tender- 
ness and richness of color which distinguished his early 
pictures, and he was planning more complex and im- 
portant subjects. But his health had been gradually 
failing, and he was ordered to Lympstone in Devon- 
shire, where he died on the 27th of February, 1876. 
Among his chief productions are the High School 
Wynd; the Companions—a gipsy girl and her donkey; 
Waiting for the Boats; What is 1t?—a child examin- 
ing an antique clock; and his own portrait as a Sark 
Ratios eo: Since his death several exhibitions of his 
works have been held in London and Edinburgh, and 
a volume of, photographs from his water-colors and 
sketches, with a memoir by J. M. Gray, was published 
in 1880. For an account of Manson’s technical method 
as a wood engraver see P. G. Hamerton’s Graphic Arts, 
atl. 

i MANSUR, Mansoor, or more properly with the ar- 
ticle, AL-Mans6r, ‘‘the victorious,’ a surname (Jahab) 
assumed by not a few Mohammedan princes. Among 
the personages commonly referred to by this title the 
following may be noticed. 

1. Abi’ Ja‘far ibn Mohammed, second caliph of the 
house of ‘Abb4s, who reigned 754-775 A.D. See Mo- 
HAMMEDAN HMPIRE. 

2. Abii Tahir Isma‘fl ibn Al-Kaim, third Fatimite 
caliph of Africa (946-953). Under Al-K4im, his father, 
the Fatimites, already weakened by their conflict with 
the Omayyads of Spain, were threatened with utter 
ruin by a Berber rising under Abii Yezid, a poor non- 
conformist (‘IbAdf) schoolmaster, who appeared as a 
religious reformer, and gathered round him the Sun- 
nites, who detested the Fatimites. In 944 Abu Yezid 
conquered the capital Kairaw4n, and recognized the 
spiritual headship of the Spanish caliph. While the 
Spanish caliph and his vassals stripped the Fatimite 
of his remote possessions, Abii Yezfd pressed him at 
home, and during the siege of Stisa Al-X4im died, and 
was succeeded by Al-Manstir. Then the fortunes of 
war rapidly turned. Abii Yezfd alienated many of his 
followers by lapsing into habits of arrogant luxury and 
by treachery towards the Sunnites. At length he lost 
all he had won, fell into the hands of Al-Mangtir, and 
was put to death (947). The caliph built the city of 
Manstirfyah on the field of the decisive battle and 
made it his residence; the empire was rapidly restored, 
and the Spanish vassals driven from Africa. Al-Manstir 
died at Manstirfyah, and was succeeded by Al-Mo‘izz, 
the conqueror of, Hgypt (see vol. vii. p. 651 sq.). 

3. Ibn Abi ‘Amir Mohammed, commonly called 
Almauzor by European writers, of an ancient but not 
illustrious Arab family, which had its seat at Torrox 
near Algeciras, was born 939 A.D., and began life as a 
lawyer at Cordova. In 967 he obtained a place at the 
court of Hakam II., the Andalusian caliph, and by an 
unusual combination of the talents of a courtier with 
administrative ability and address in dealing with men, 
rapidly rose to distinction, enjoying in particular the 
powerful support of Subh, the favorite of the caliph 
and mother of his heir Hishim. On the death of 
Hakam (976) the accession of a minor gave fresh scope 
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to the genius of Ibn Abf ‘Amir, who threaded his way 
with consummate but unscrupulous talent through the 
intrigues of the court, and in 978 became prime minis- 
ter. He now aimed at absolute dominion. The weak 
young caliph, absorbed in exercises of piety, , was easily 
reduced to a cipher, but at first Ibn Abi ‘Amir had to 


share the power with his father-in-law Ghalib, the best | 


general of Andalusia, and his chief aid, along with the 
mother of Hisham, in the steps that had raised him to 
power. At last a rupture took place between the two 
ministers, and ended in a war, in which GhAlib pro- 
fessed himself the champion of the caliph and called in 
the aid of the Christians of Leon. But his rival had 
anticipated the struggle; he had long before found 
means to add military to administrative reputation, and 
since he rose to the direction of affairs had remodelled 
the army so as to make it more formidable and more 
devoted to his cause. Ghalib fell in battle (981); a 
victorious campaign chastised the Leonese; and on his 
return to Cordova the victor assumed the regal sur- 
name of Al-Manstir billah, and became practically sove- 
reign of Andalusia. The caliph was a mere prisoner 
of state, holding a nominal dignity, and Al-Manstir 
ultimately assumed the title as well as the prerogatives 
of king (996). Unscrupulous in the means by which 
he rose to power, he wielded the sovereignty nobly. 
His strict justice and the enlightened excellence of his 
internal administration were not less notable than his 
military prowess. But it is by the latter that he is best 
known. His arms were the terror of the Christians, 
and raised the Moslem power in Spain’ to a pitch it 
had never before attained. He fought more than 
fifty campaigns, all glorious, and destroyed many cities, 
including the three capitals of Leon, Pampeluna, and 
Barcelona, and the sacred shrine of Santiago de Com- 
postella. 
yressed by the revolt of Zirf, viceroy of Mauretania, 
Put before his death this enemy had also fallen. Al- 
Manstir died at Medinaceli 10th August, 1002, and was 
succeeded by his son Modaffar.? 

4, Abii Yusuf Ya'ktib ibn Yusuf (Jacob Almanzor), 
of the Moorish dynasty of the Almohades, the con- 

ueror of Alphonso ILI. in the great battle of Alarcos 
1195), reigned’ 1184-99, 

MANTEGNA, ANDREA (1431-1506), one of the 
chief heroes in the advance of painting in Italy, was 
born in or near Padua, of very humble parentage. It 
is said that in his earliest boyhood Andrea was, like 
Giotto, put to shepherding or cattle-herding; but this 
can have lasted only a very short while, as his natural 
genius for art developed with singular precocity, and 
excited the attention of Francesco Squarcione, who 
entered him in the guild of painters before he had 
completed his eleventh year. 

Squarcione, whose original vocation was tailoring, 
appears to have had a remarkable enthusiasm for 
ancient art, and a proportionate faculty for acting, 
with profit to himself and others, as a sort of artistic 
middleman; his own performances as a painter were 
merely mediocre. He travelled in Italy, and perhaps 
in Greece also, collecting antique statues, reliefs, vases, 
etc., forming the largest collection then extant of such 
works, making drawings from them himself, and 
throwing open his stores for others to study from, and 
then undertaking works on commission for which his 
pupils no less than himself were made available. As 
many as one hundred and thirty-seven painters and 
pictorial students passed’ through his school, estab- 
lished towards 1440, which became famous all over 
Italy. Mantegna was, as he deserved to be, Squar- 
cione’s favorite pupil. Squarcione adopted him as his 
son, and purposed making him the heir of his fortune. 
Andrea was only seventeen when he painted, in the 
church of St. Sophia in Padua, a Madonna picture of 
exceptional and recognized excellence. e was no 
doubt fully aware of having achieved no common feat, 


1 His life is brilliantly described in vol. iii. of Dozy, Histoire des 
Musulmans d@ Espagne. 


In Africa his armies were for a time hard | 
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as he marked the work with his name and the date, 
and the years of his age. This painting was destroyed 
in the 17th century. 

The affectionate relation between Squarcione and 
Mantegna was not destined to continaen ane As the 
youth progressed in his studies, he came under the 
influence of Jacopo Bellini, a painter considerably 
superior to Squarcione, father of the celebrated paint- 
ers Giovanni and Gentile, and of a daughter Niccolo- 
sia; and at some date, which may have been towards 
1450, Jacopo gave Niccolosia to Andrea in marriage. 
This connection of Andrea with the pictorial rival of 
Squarcione is generally assigned as the reason why the 
latter became alienated from the son of his adoption, 
and always afterwards hostile to him. Another sug- 
gestion, which rests, however, merely on its own 
internal probability, is that Squarcione had at the 
outset used his pupil Andrea as the unavowed execu- 
tant of certain commissions, but that after a while 
Andrea began painting on his own account, thus 
injuring the professional interests of his chief, and 
incurring his animosity. The remarkably definite and 
original style furmed by Mantegna may be traced out 
as founded on the study of the antique in Squarcione’s 
atelier, followed by a diligent application of principles 
of work exemplified by Paolo Uccello and Donatello, 
with the practical guidance and example of Jacopo 
Bellini in the sequel. 

Among the other early works of Mantegna are the 
fresco of two saints over the entrance-porch of the 
church of 8. Antonio in Padua, 1452, and an altar- 
piece of St. Luke and other saints for the church of 
St. Justina, now in the Brera Gallery in Milan, 1453. 
It is probable, however, that before this time some of 
the pupils of Squarcione, including Mantegna, had 
already begun that series of frescos in the chapel of 
St. Christopher, in the church of 8. Agostino degli 
Eremitani, by which the great painter’s reputation 
was fully confirmed, and which remain to this day 
conspicuous among his finest achievements.” The 
now censorious Squarcione found much to carp at in 
the earlier works of this series, illustrating the life of 
St. James; he said the figures were like men of stone, 
and had better have been colored stone-color at once. 
Andrea, conscious as he was of his great faculty and 
mastery, and of the transcendent display he had here 
made of these, seems nevertheless to have felt that 
there was something in his old preceptor’s strictures ; 
and the later subjects, from the legend of St. Christo- 
pher, combine with his other excellences more of 
natural character and vivacity. Trained as he had 
been in the study of marbles ‘and the severity of the 
antique, and openly avowing that he considered the 
antique superior to nature as being more eclectic in 
form, he now and always affected precision of outline 
dignity of idea and of figure, and he thus tende 
towards rigidity, and to an austere wholeness rather 
than gracious sensitiveness of Seite His drape- 
ries are tight and closely folded, being studied (as it is 
said) from models draped in paper and woven fabrics 
gummed. Figures slim, muscular, and bony, action 
impetuous but of arrested energy, tawny landscape, 
gritty with littering pebbles, mark the athletic hauteur 
of his style. He never changed, though he developed 
and perfected, the manuer which he had adopted in 
Padua; his coloring, at first rather neutral and unde- 
cided, strengthened and matured. There is through- 
out his works more balancing of color than fineness of 
tone. One of his great aims was optical illusion, 
which he carried out by a mastery of perspective that, 


2 His fellow-workers were Bono of Ferrara, Ansuino of Forli, 
and Niccold Pizzolo, to whom considerable sections of the fresco- 
paintings are to be assigned. The acts of St. James and St. 
Christopher are the leading subjects of the series. St. James 
Exorcising may have been commenced by Pizzolo, and completed 
by Mantegna. The Calling of St. James to the Apostleship eevee 
to be Mantegna’s design, partially carried out by Pizzolo; the 
subjects of St. James baptizing, his appearing before the judge, 
and going to execution, and most of the legend of St. Christopher, 
are entirely by Mantegna. 
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though not always impeccably correct, nor absolutely 
superior in principle to the highest contemporary point 
of attainment, was worked out by himself with strenu- 
ous labor, and an effect of actuality astonishing in those 
times. 

Successful and admired though he was in Padua, 
Mantegna left his native city at an early age, and 
never afterwards resettled there; the hostility of 
Squarcione has been assigned as the cause. The rest 
of his life was passed in Verona, Mantua, and Rome 
—chiefly Mantua; Venice and Florence have also been 
named, but without confirmation. 

It may have been in 1459 that he went to Verona; 
and he painted, though not on the spot, a grand altar- 
piece for the church of S. Zenon, a Madonna and 
angels, with four saints on each side. The Marquis 
Lodoyico Gonzaga of Mantua had for some time been 
pressing Mantegna to enter his service; and the follow- 
ing year, 1460, was perhaps the one in which he 
actually established himself at the Mantuan court, 
residing at first from time to time at Goito, but from 
December, 1466, onwards, with his family in Mantua 
itself. His engagement was for a salary of 75 lire (about 
£30) a month, a sum so large for that period as to mark 
conspicuously the high regard in which his art was 
held. He was in fact the first painter of any eminence 
ever domiciled in Mantua. e built a stately house 
in the city, and adorned it with a multitude of paint- 
ings. The house remains, but the pictures have per- 
ished. Some of his early Mantuan works are in that 
apartment of the Castello which is termed the Camera 
degli Sposi,—full compositions in fresco, including 
various portraits of the Gonzaga family, and some 
figures of genii, ete. In 1488 he went to Rome at the 
request of ‘Pope Innocent VIII., to paint the frescos 
in the chapel of the Belvedere in the Vatican; the 
duke of Mantua created him a cavaliere before his 
departure. This serics of frescos, including a noted 
Baptism of Christ, was ruthlessly destroyed by Pius 
VI. in laying out the Museo Pio-Clementino. The 
ee treated Mantegna with less liberality than he 

ad been used to at the Mantuan court; but on the 
whole their connection, which ceased in 1490, was not 
unsatisfactory to either party. Mantegna then re- 
turned to Mantua, and went on with a series of works 
—the nine tempera-pictures, each of them 9 feet 
square, of the Triumph of Czsar—which he had 
probably begun before his leaving for Rome, and 
which are now in Hampton Court. These superbly 
invented and designed compositions, gorgeous with all 
splendor of subject-matter and accessory, and with the 
classical learning and enthusiasm of one of the master- 
spirits of the age, have always been accounted of the 
first rank among Mantegna’'s works. ‘They were sold 
in 1628 along with the bulk of the Mantuan art treas- 
ures, and were not, as is commonly said, plundered in 
the sack of Mantua in 1630. They are now greatly 
damaged by patchy repaintings. Another work of 
Mantegna’s later years was the so-called Madonna 
della Vittoria, now in the Louvre. It was painted 
in tempera about 1495, in commemoration of the bat- 
tle of Kornovo, which Gonzaga found it convenient to 
represent to his lieges as an Italian victory, though in 
fact it had been a French victory ; the church which 
originally housed the picture was built from Man- 
tegna’s own design. The Madonna is here depicted 
with various saints, the archangel Michael and St. 
Maurice holding her mantle, which is extended over 
the kneeling Francesco Gonzaga, amid a profusion of 
rich festooning and other accessory. Though not in 
all respects of his highest order of execution, this 
counts among the most obviously beautiful and attrac- 
tive of Mantegna’s works,—from which it must be 
said that the qualities of beauty and attraction are 
often excluded, in the stringent pursuit of those other 
excellencés more germane to his severe genius, tense 
energy passing into haggard passion. 

Vasari eulogizes Mantegna for his courteous, distin- 
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guished, and praiseworthy deportment, although there 
are indications of his having been not a little litigious 
in disposition. With his fellew-pupils at Padua he 
had been affectionate; and for two of them, Dario da 
Trevigi and Marco Zoppo, he retained a steady friend- 
ship. That he had a high opinion of himself was 
natural, for no artist of his epoch could produce more 
manifest vouchers of high and progressive attainment. 
He became very expensive in his habits, fell at times 
into difficulties, and had to urge his valid claims upon 
the duke’s attention. After his return to Mantua from 
Rome his prosperity was at its height, until the death 
of his wife. He then formed some other connection, 
and became at an advanced age the father of a natural 
son, Giovanni Andrea; and at the last, although he 
continued launching out into various expenses and 
schemes, he had serious tribulations, such as the ban- 
ishment from Mantua of his son Francesco, who had 
incurred the duke’s displeasure. Perhaps the aged 
master and connoisseur regarded as barely less trying 
the hard necessity of parting with a beloved antique 
bust of Faustina. Very soon after this transaction he 
died in Mantua, on the 13th of September, 1506. In 
1517 a handsome monument was set up to him by his 
sons in the church of 8S. Andrea, where he had painted 
the altarpiece of the mortuary chapel. 


We have spoken as yet of Mantegna as a painter and ar- 
chitect; he was no less eminent as an engraver, and is re- 
ported to have been a sculptor and poet as well, though we 
are not aware that any verses of his are extant, or that his 
sculptural practice extended beyond making a drawing for 
a statue of Virgil. As an engraver his history is some- 
what obscure, partly because he never signed or dated any 
of his plates, unless in one single disputed instance, 1472, 
The account which has come down to us is that Mantegna 
began engraving in Rome, prompted by the engravings 
produced by Baccio Baldini of Florence after Sandro Botti- 
celli; nor is there anything positive to invalidate this ac- 
count, except the consideration that it would consign all 
the numerous and elaborate engravings made by Mantegna 
to the last sixteen or seventeen years of his life, which 
seems a scanty space for them. To get over this difficulty, 
it has been suggested, but without any evidence, that he 
began engraving while still in Padua, under the tuition of 
a distinguished goldsmith, Niccolé. He engraved about 
fifty plates, according to the usual reckoning; some thirty 
of them are indisputable—often large, full of figures, and 
highly studied. Among the principal examples are Roman 
Triumphs (not the same compositions as the Hampton 
Court pictures), A Bacchanal Festival, Hercules and An- 
teus, Marine Gods, Judith with the Head of Holophernes, 
the Deposition from the Cross, the Entombment, the Resur- 
rection, the Man of Sorrows, the Virgin in a Grotto, Man- 
tegna has sometimes been credited with the important 
invention of engraving with the burin on copper. This 
claim cannot be sustained on a comparison of dates, but at 
any rate he introduced the art into Upper Italy. Several 
of his engravings are supposed to be executed on some 
metal less hard than copper. The technique of himself and 
his followers is characterized by the strongly marked 
forms of the design, and by the oblique formal hatchings 
of the shadows. The prints are frequently to be found in 
two states, or editions. In the first state, the prints have 
been taken off with the roller, or even by hand-pressing, 
and they are weak in tint; in the second state, the print- 
ing press has been used, and the ink is stronger. 

The influence of Mantegna on the style and tendency of 
his age was very marked, and extended not only to his own 
flourishing Mantuan school, but over Italian art generally. 
His vigorous perspectives and trenchant foreshortenings 
pioneered the way to other artists; in solid antique taste, 
and the power of reviving the aspect of a remote age with 
some approach to system and consistency, he distanced all 
contemporary competition. He did not, however, leave 
behind him many scholars of superior faculty. His two 
legitimate sons were painters of only ordinary ability. His 
favorite pupil was known as Carlo del Mantegna; Caroto 
of Verona was another pupil, Bonsignori an imitator. Gio- 
vanni Bellini, in his earlier works, obviously followed the 
lead of his brother-in-law Andrea, 

The works painted by Mantegna, apart from his frescos, 
are not numerous; thirty-three or thereabouts are regarded 
as fully authenticated. We may name, besides those 
already specified—in the Naples museum, St. Euphemia, 
a fine early work; in Casa Melzi, Milan, the Madonna and 
Child with Chanting Angels, 1461; in the Tribune of the 
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Uffizi. Florence, three pictures remarkable for scrupulous 
finish; in the Berlin Museum, the Dead Christ with two 
Angels; in the Louvre, the two celebrated pictures of 
mythic allegory—Parnassus, and Minerya Triumphing 
over the Vices; in the London National Gallery, the Vir- 
gin and Child enthroned, with the Baptist and the Mag- 
dalen, a late example; the monochrome of Vestals, lately 
bought from Hamilton Palace; the Triumph of Scipio (or 
Phrygian Mother of the Gods received by the Roman Com- 
monwealth), a tempera in chiaroscuro, painted only a few 
months before the master’s death; in the Brera, Milan, the 
Dead Christ, with the two Maries weeping, a remarkable 
tour de force in the way of foreshortening, which, though it 
has a stunted appearance, is in correct technical perspective 
as seen from all points of view. With all its exceptional 
merit, this is an eminently ugly picture. It remained in 
Mantegna’s studio unsold at his death, and was disposed 
of to liquidate debts. (W. M. R.) 


MANTELL, Gipron ALGERNON (1790-1852), born 
in 1790 at Lewes, Sussex, rose to eminence as a popular 
exponent of geology, and contributed many original 
papers to the literature of the science. Educated for 
the medical profession, he first practised in his native 
town, afterwards in Brighton, and finally at Clapham, 
near London. While devoting himself with industry 
and success to the duties of a medical man, he yet found 
time to prosecute researches in the paleontology of the 
Secondary rocks, particularly in Sussex—a region which 
he has made forever classical in the history of discovery. 
While he was still a country doctor at Lewes his 
eminence as a geological investigator was fully recog- 
nized on the publication of his work on The Fossils 
of the South Downs, 1822. His most remarkable dis- 
coveries were made in the Wealden formations, whence 
he brought to light and described the remarkable Di- 
nosaurian reptiles known as Jgwanodon, Hylceosaurus, 
Pelorosaurus, and Regnosaurus. The memoirs in 
which he sketched the structure of these strange crea- 
tures, and pointed out the probable conditions in 
which they lived, were recognized by the Geological 
Society as deserving of its highest honor—the Wollas- 
ton medal. The Royal Society also awarded him a 
Royal medal. Besides these and other contributions 
to the literature of paleontology and geology, he pub- 
lished from time to time various popular works which 
had a large sale and did much to spread a knowledge 
of and interest in the science.! Towards the end of 
his life Dr. Mantell retired to London. Though for 
many years suffering from a severe spinal disease, the 
result of an accident, he continued with unabated en- 
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eral villages of the valley; there can be no doubt that 
this was done in order to maintain a party in the valley 
hostile to Tegea and Sparta. It is impossible here to 
trace the varying history of the town. It was one of 
the chief members of the Arcadian league that helped 
Kpaminondas to break the power of Sparta. It was 
one of the original members of the Achzean league, 
but deserted it for the Aitolian. The Achzeans and 
Antigonus Doson captured the city in 222 B.¢., and 
changed its name to Antigoneia, but the emperor 
Hadrian restored the ancient name. The worship and 
mysteries of Cora at Mantineia were famous. The 
valley in which the city lies has no opening to the 
coast, and the water finds its way, often only with much 
care and artificial aid, through underground passages 
(catabothra) to the sea. It is bounded on the west by 
Mount Meenalus, an the east by Mount Artemision. 
The river Ophis flowed through the city. The posi- 
tion of the town in the centre of this valley route made 
it of great military importance, and five important 
battles were fought beside it: in 418 B.c. Sparta de- 
feated the alliance above mentioned; in 362 Epami- 
nondas defeated the Spartans and lost his own life; 
in 295 Demetrius Poliorcetes defeated the Spartans ; 
in 242 Aratus defeated the Spartans; in 207 Philopoe- 
men defeated the Spartans. In the beginning of the 
4th century B.c. Mantineia had 3000 citizens capable 
of bearing arms. 

MANTIS. Probably no other insect has been the 
subject of so many and widespread legends and super- 
stitions as the common ‘praying mantis,’’ Mantis 
religiosa, L. (see INSrctTs, Orthoptera, fam. Mantide, 
vol. xiii. p. 159). The ancient Greeks endowed it with 
supernatural powers (javric, ‘Sa diviner’’); the Turks 
and Arabs hold that it prays constantly with its face 
turned towards Mecca; the Provengals call it Prega- 


thusiasm the prosecution of his favorite scientific pur- |Z 


suits, sparing neither pains nor expense towards the 
attainment of his objects, and kindling in others a 
spirit of eager desire to further the cause of science. 

e wrote with great clearness and attractiveness, so 
that his general works were deservedly popular. As 
a lecturer also he was almost unrivalled for fluency and 
eloquence. His name appeared on the list of member- 
ship of many learned societies both at home and abroad. 
He died in 1852. 

MANTINKEIA was one of the most famous cities of 
Arcadia. It was situated in the long narrow valley, 
running north and south, which is now called after the 
chief town Tripolitza. Tegea was in the same valley, 
about 10 miles south of Mantineia, and the two cities 
continually disputed the supremacy of the valley. In 
every great war we find them ranged on opposite sides, 
except when superior force constrained both. In the 
Peloponnesus the disputes between Argos and Sparta 
lasted for centuries; and Mantineia was always an ally 
of the former. Inthe war between Sparta and Athens, 
Mantineia was at first forced to be an ally of Sparta, 
but in 421 it jomed Argos in making an alliance with 
Athens. The city is said by Strabo to have been 
founded under Argive instigation, by the union of sev- 

1 Of these the following may be enumerated—The Wonders of 
Geology, 2 vols.; The Medals of Creation, 2 vols.; Thoughts on a 
Pebble, or First Lessons in Geology ; A Geological Excursion round the 
Isle of Wight ; Pictorial Atlas of FossilRemains : Thoughts on Animal- 


cules, or a Glimpse at the Invisible World as revealed by the Microscope ; 
Petrifactions and their Teachings, 4 


Praying Mantis (Mantis religiosa), 


Diou (Prie-Diew); and numerous more or less similar 
names—preacher, saint, nun, mendicant, soothsayer, 
—etc., are widely diffused throughout southern Europe. 
Children ask it to show them the way, and Mouffet 
assures us that it rarely or never deceives them; and 
it is even recorded that one specimen, which alighted 
on the hand of St. Francis Xavier, and which he 
commanded to sing the praise of God, loudly intoned 
a very beautiful canticle. In Nubia it is held in great 
esteem, and the Hottentots, if not indeed worshipping 
the local species (J. fausta), as one traveller has 
alleged, at least appear to regard its alighting upon 
any person both as a token of saintliness and an omen 
of good fortune. - 

Yet these are ‘‘not the saints, but the tigers, of the 
insect world.’’ The front pair of limbs are very pecu- 
liarly modified,—the coxa being greatly elongated, 
while the strong third joint or femur pene on its 
curved underside a channel armed on each edge by 
strong movable spines. Into this groove the stout 
tibia is capable of soene like the blade of a pen-knife, 
its sharp, serrated edge being adapted to cut and hold. 
The arrangement is essentially similar to the sub-chela 
of Squilla and Amphipods among CrustTacna (q.v.), 
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as well as to the chelicere: of spiders (see ARACHNIDA). 
Thus armed, with head raised upon the much-elong- 
ated and semi-erect prothorax, and with the half-open 
fore-limbs held outwards in the characteristic devo- 
tional attitude, it rests motionless upon the four pos- 
terior limbs waiting for prey, or occasionally stalks it 
with slow and silent movements, finally seizing it with 
its knife-blades and devouring it. Although appa- 
rently not daring to attack ants, these insects destroy 
great numbers of flies, grasshoppers, and caterpillars, 
and the larger South-American species even attack 
small frogs, lizards, and birds. They are very pugna- 
cious, fencing with their sword-like limbs ‘like hus- 
sars with sabres,’’ the larger frequently devouring the 
smaller, and the females the males. The Chinese 
keep them in bamboo cages, and match them like 
fighting cocks. 

The elytra of the common mantis have been com- 
pared to a withering willow leaf, a circumstance which 
not improbably aids in concealing them from their 
prey. Some of the tropical forms exhibit as perfect 
mimicry of the leayes as the leaf insects proper ( Phas- 
mide). Bates found a mantis on the Amazon which 
exactly resembled the white ants it preyed upon, while 
Wallace mentions a Javanese species which mimics a 

ink orchid flower, and ‘‘is said to feed largely on 
utterflies,—so that it is really a living trap, and forms 
its own bait !”’ 

The common species fixes its somewhat nut-like egg 
capsules on the stems of plants in September. The 
young are hatched in early summer, and resemble the 
adults, but are without wings. 


See Westwood’s Introd. Mod. Class. of Insects, 1840, and 
forthcoming monograph of the family. 


MANTUA (Italian Mantova), a fortified city of 
Italy, the chief town of a province, the see of a bishop, 
and the centre of a military district, lies 95 miles east- 
southeast of Milan, and 25 miles by rail south of 
Verona on the way to Modena, occupying, at the 
height of 88 feet above the level of the Adriatic, an 
almost insular site in the midst of the swampy la- 
goons of ‘the Mincio, with their vast reaches of reeds 
and bulrushes. As the belt of marshy ground along 
the south side can be laid under water at pleasure, the 
site of the city proper, exclusive of the considerable 
suburbs of Borgo di Fortezza to the north and Borgo 
di San Giorgio to the east, may still be said to consist, 
as it formerly did more distinctly, of two islands sep- 
arated bya narrow channel and united by anumber of 
bridges. On the west side lies Lago Superiore, on the 
east side Lago Inferiore—the boundary between the 
two being marked by the Argine del Mulino, a long 
covered wooden bridge stretching northward from the 
northwest angle of the city. As approached from the 
north by the old road, Mantua presents a beautiful 
prospect with its ‘‘ towers and walls and waters.’’ On 
the highest ground in the city rises the cathedral, built 
after his death according to the plans of Giulio Ro- 
mano, on the site of the ancient church of Sts. Peter 
and Paul. It has double aisles, a dome-covered ‘tran- 
sept, and a large tower, popularly assigned to the 
Roman governor Arius. Architecturally much more 
important is the church of St. Andrew, built towards 
the close of the 15th century, after plans by Leon 
Battista Alberti, and consisting of a single barrel-vaulted 
nave 350 feet long by 62 feet wide. It has a noble 
fagade, with a deeply recessed portico, and a brick 
campanile of earlier date than the main building. The 
interior is richly decorated with 18th century frescos. 
S. Maria delle Grazie, consecrated in 1399 as an act of 
thanksgiving for the cessation of the plague, has a 
curious collection of ex voto pictures and the tombs of 
the Gonzaga family. The he ducal palace—one of the 
largest buildings of its kind in Europe—was commenced 
in 1302 for Guido Bonaccolsi, and probably completed 
in 1328 for Ludovico Gonzaga; but many of the acces- 
sory apartments are of much later date, and the in- 
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terior decorations are for the most part the work of 
Giulio Romano and his pupils. Outside of the city, 
to the south of Porta Pusterla, stands the Palazzo del 
Te, Giulio’s architectural masterpiece, erected for 
Frederick Gonzaga; of the numerous fresco-covered 
chambers which it contains, perhaps the most cele- 
brated is the Sala dei Giganti, where, by a combination 
of mechanical with artistic devices, the rout of the 
Titans still contending with artillery of uwptorn rocks 
against the pursuit and thunderbolts of Jove appears 
to rush downwards on the spectator. Among the edu- 
cational institutions in Mantua are an academy of arts 
and sciences (Accademia Vergiliana) occupying a fine 
building erected by Piermarini, a public library founded 
in 1780 by Maria Theresa, a museum of antiquities 
dating from 1779, a good botanical garden, and an ob- 
servatory. The Monte di Piet’ was established in 1484, 
the civil hospital in 1449. Oil, beer, leather, and 
playing cards are the chief products of the limited local 
industry. The population increased from 26,687 
in 1871 to 28,048 in 1881. As a fortress Mantua 
was long one of the most formidable in Europe, a force 
of thirty to forty thousand men finding accommodation 
within its walls; but it had two serious defects—the 
marshy climate told heavily on the health of the gar- 
rison, and effective sorties were almost impossible. 


Mantua was originally an Etruscan town, and had still a 
strong Etruscan element in its population during the Ro- 
man period. It was a Roman municipium; but Martial 
calls it little Mantua, and, had it not been for Virgil’s in- 
terest in his native place and in the expulsion of a number 
of the Mantuans from their lands in favor of Octavian’s 
soldiers, we should probably have heard almost nothing of 
its existence, In 568 the Lombards found Mantua a walled 
town of some strength; recovered from their grasp in 590 
by the exarch of Ravenna, it was again captured by Agilulf 
in 601. The 9th century was the period of episcopal su- 
premacy, and in the 11th the city formed part of the vast 
possessions of Bonifacio, marquis of Canossa. From him it 
passed to Geottrey, duke of Lorraine, and afterwards to the 
Countess Matilda, whose support of the pope led to the 
conquest of Mantua by the emperor Henry IY. in 1090, 
Reduced to obedience by Matilda in 1113, the city obtained 
its liberty on her death, and instituted a communal goy- 
ernment of its own, salva imperiali justitia. It afterwards 
joined the Lombard League; and the unsuccessful attack 
made by Frederick II. in 1236 brought it a confirmation 
of its privileges. But after a period of internal discord 
Ludovico Gonzaga attained to power (1328), and was recog- 
nized as imperial vicar (1329); and from that time till the 
death of Ferdinando Carbo in 1708 the Gonzagas were mas- 
ters of Mantua (see GONZAGA, vol, x. p. 687). Under Gian 
Francesco II., Ludovico, and Federico II., the first duke of 
Mantua, the city rose rapidly into importance as a seat of 
industry and culture. Claimed in 1708 as a fief of the em- 
pire by Joseph I., it was governed for the greater part of 
the century by the Austrians. In June, 1796, it was be- 
sieged by Napoleon; but in spite of terrific bombardments 
it held out till February, 1797. A three days’ bombard- 
ment in 1799 again placed Mantua in the hands of the Aus- 
trians ; and, though restored to the French by the peace of 
Lunéville (1801), it became Austrian once more from 1814 
till 1866. In the years between 1849 and 1859 the city was 
the scene of violent political persecution. 

Besides Virgil, Mantua counts among its celebrities Sor- 
dello the Provengal poet, Castiglioni, Folengo the writer of 
macaronics, and Pomponazzi the philosopher; and it has a 
long roll of local historians—Donesmondi (ecclesiastical af- 
fairs), Possevino, Daino, Amedei, Visi, Tonelli, and Count 
Carlo d’Arco. 


Gaet. Susani, Nuovo prospetio delle pitture, etc., di Mantova, Man- 
tua, 1830; Carlo d’Arco, Delle arte e degli artefici di Mantova, Mantua, 
1857, and Storia di Mantova, Mantua, 1874. 


MANUCODE, from the French, an abbreviation of 
Manacodiata, and the Latinized form of the Malay 
Manukdewata, meaning, says Crawfurd (Malay and 
Engl. Dictionary, p. 97), the ‘‘ bird of the gods,’’ and 
a name applied for more than two hundred years ap- 
parently to Birds-of-paradise in general. In the origi- 
nal sense of its inventor, Montbeillard (/ist. Nat. 
Oiseaux, iii. p. 163), Manucode was restricted to the 
King Bird-of-paradise and three allied species ; but in 
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English it has curiously been-transferred' to a small 
group of species whose relationship to the Puradiseidc 
has been frequently doubted, and must be considered 
uncertain. ‘These Manucodes have a glossy steel-blue 
plumage of much beauty, but are easily distinguished 
trom other birds of’ similar coloration by the outer and 
middle toes being united for some distance, and they 
are very remarkable for the extraordinary convolution 
of the trachea, in the males at least, with wkich sin- 
gular structure is correlated the loud and clear voice 
of the birds. The convoluted portion of the trachea 
lies on the breast, between the skin and the mus- 
cles, much as is found in the females of the genus 
Rhynchea, in the males of the Curassows (Cract- 
dee), and in a few other birds, but wholly unknown 
elsewhere among the Pusseres. The Manucodes are 
peculiar to the Papuan Sub-region (including therein 
the peninsula of Cape York), and comprehend, accord- 
ing to Mr. Sharpe (Cat. B. Brit. Museum, iii. p. 164), 
two genera, for the first of which, distinguished by 
the elongated tufts on the head, he adopts Lesson’s 
name Phonygama, and for the second, having no tufts, 
but the feathers of the head crisped, that of Manu- 
codia; and Mr. W. A. Forbes (Proc. Zool. Society, 
1882, p. 349) observes that the validity of the separa- 
tion (which has not yet been generally acknowledged) 
is confirmed by what is now known of their tracheal 
formation. Of Phonygama Mr. Sharpe recognizes 
three species, P. keraudreni (the type) and P. james, 
both from New Guinea, and P. gould, the Australian 
representative species; but the first two are considered 
by Mr. Elliot (Zd7s, 1878, p. 56) and Count Salvadori 
( Ornitol. della Papuasia, ti. p. 510) to be inseparable. 
There is a greater unanimity in regard to the species 
of the so-called genus Manucodia proper, of which 
four are admitted—M. chalybeata or chalybea from 
Northwestern New Guinea, MM. comriet from the south- 
eastern part of the same country, MW. atra of wide dis- 
tribution within the Papuan area, and M. jobiensis pe- 
culiar to the island which gives it a name. 
known of the habits of these birds, except that they 
are as already mentioned remarkable for their vocal 
owers, which, in P. keraudrenti, Lesson describes 
tVon. de la Coquille, Zoologie, i. p. 638) as enabling 
them to pass through every note of the gamut. Mr. 
Wallace (Ann. Nat. History, ser. 2, xx. p. 476) re- 
marked that JZ atra was very powerful and active, 
clinging suspended to the smaller branches of trees, on 
the fruits of which aloneit appears to feed. JL gould: 
according to an informant quoted by Mr. Forbes (ut 
supra), frequents in pairs the dense palm-forests, perch- 
ing high up, uttering a very deep and loud guttural 
note; it is graceful in its movements, evincing more 
curiosity than timidity on being approached. As with 
membersof the Parudiseide generally, the nidification 
of the Manucodes is still shrouded in ee ’ 
A. N. 
MANUEL L., Comnenuvs (1120-1180), emperor of 
Constantinople from 1143 to 1180, was the fourth son 
of John IT. (Calo-Joannes), and was born about the 
year 1120. He succeeded to the imperial crown on 
April 8, 1143, having for his martial qualities been 
nominated by John to the inheritance in preference to 
his eldersurviving brother. During his reign of thirty- 
seven years he was inyolved in almost perpetual war, 
in which he displayed much more of the courage of a 
soldier than of the prudence and skillof a commander. 
In 1144 the imperial general Demetrius Branas brought 
back Raymond, the Latin prince of Antioch, to his 
allegiance, and in 1145 Manuel in person drove out the 


1 Manucodiata was used by Brisson (Ornithologie, ii. p. 130) as a 

eneric term equivalent to the Linnean Paradisea. In 1783 Bod- 

aert, when core tenes scientific names to the birds figured by 
Daubenton, called the subject of one of them (Pl. enlwm. 634) Manu- 
codia chalybea, the first word being apparently an accidental 
curtailment of the name of Brisson’s genus to which he referred 
it. Nevertheless some writers have taken it as evidence of anin- 
tention to found a newgenus by that name, and hence the im- 

ortation of Manucodia into scientific nomenclature, and the Eng- 
Tish form to correspond, E 
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Turks who had invaded Isauria, and compelled them 
to accept peace on his own terms. In 1147 he granted 
a passage through his dominions to the crusaders under 
Louis VII. of France and Conrad ILL. of Germany, 
but secretly harassed them by every means in his 
pone and sent word to the Turks of their approach. 
n the following year he became involved, along with 
the Venetians, in a war with Roger of Sicily, who had 
taken Corfu and invaded Greece; an episode of the 
campaign towards its beginning was his repulse beyond 
the Danube of the Patzenegues, of whom he took hos- 
tages for their future good behavior. Disembarking 
his host at Corfu before the end of the year, he in- 
vested the fortress in co-operation with the Venetian 
army; the inhabitants, after a long siege, in which he 
displayed prodigies of personal strength and valor, 
encores in 1149. Manuel was now prevented from 
invading Sicily by a diversion made by the Servians 
and Hungarians on the Danube, who were not com- 
pletely vanquished until 1152. In that year Manuel 
was sepalnes by the Turks in Cilicia, but in the west 
his troops obtained possession of Bari, Brundisium, 
and other places of importance in Apulia and Calabria. 
The course of Italian politics, however, deprived him 
of the means on which he had reckoned for enabling 
him to reunite Southern Italy with the Byzantine em- 
pire, and after the defeat of his fleet at Negropont he 
concluded a peace with William, Roger’s successor, in 
1155. The next important war of Manuel’s reign was 
waged against the Hungarians from 1163 to 1168; it 
came to an end in the latter year with the hard-won 
victory of the Byzantine arms at Zeugminum (Semlin). 
Less successful was the expedition under Andronicus 
Contostephanus against Kgypt in 1169, when the com- 
bined forces of Manuel and King Amalric were com- 
pelled to withdraw from before Damietta. From 1171 
to 1174 Manuel had a war with the Venetians; and in 
1176 he led in person an expedition against [Kilidj Ars- 
lan, the sultan of Iconium, when he sustained a disas- 
trous defeat at Myriocephalus, and was compelled to ° 
sign a dishonorable peace. ‘This disgrace, although 
partially retrieved by a somewhat more successful ex- 
pedition in 1177, so preyed upon the spirit of Manuel 
that he ultimately succumbed to a slow fever on Sep- 
tember 24, 1180. He was first married to Bertha 
(Irene), a relative of Conrad III. of Germany, and 
afterwards to Maria (Xene), daughter of Raymond of 
poiegs lexis II., his son by the latter, sueceeded 
him. 

MANUEL II., Patzonoaus, emperor of Constan- 
tinople, was born in 1348, and succeeded his father, 
John VI. (with whom he had been associated since 
1375), in 1391. At-the time he was a hostage at the 
court of Bajazet at Niceea, but succeeded in making his 
escape; he was forthwith besieged in Constantinople 
by the sultan, whose victory over the Christians at 

icopolis, however (September 28, 1395), did not secure 
for him the capital. anuel subsequently set out in 
person to seek help from the West, and for this purpose 
visited Italy, France, and Germany, but without ma- 
terial success; the victory of Timur in 1402, and the 
death of Bajazet in the following year, were the first 
events to give him a genuine respite from Ottoman 
oppression. He stood on friendly terms with Mahomet 
I., but was again besieged in his capital by Amurath 
IL. in 1422. He died in 1425, and was succeeded by 
his son, John VII. 

MANUEL I., emperor of Trebizond, surnamed the 
Great Captain (4 orpatyycxéraroc), was the second son 
of Alexius I., first emperor of Trebizond, and ruled 
from 1238 to 1263. hatever may have been his 
military skill, or his personal character for bravery, he 
was unable to deliver his empire from vassalage first to 
the Seljuks and afterwards to the Mongols. He was 
the founder of the church and monastery of St. Sophia 
at Trebizond. His predecessor was John I., Axuchus, 
and his eldest son, Andronicus II., succeeded him. 


Manuel II., the descendant of Manuel I., reigned only a 
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few months in 1332-33. Manuel IIT. reigned from 1390 to 
1417, but the only interest attaching to his name arises 
from his connection with Timur, whose vassal he was. 

See Finlay, Medixval Greece and Trebizond, 1851. 


MANURE. The term “manure,” though formerly 
applied only to the excrements of animals, either alone 
or mixed with straw, is now more widely used, and is 
given to all substances, or mixtures of substances, 
which are added to the soil in order to increase its pro- 
ductiveness or to restore the natural fertility lost’ by 
repeated cropping. 

he subject of manures and their application involves 
a prior consideration of plant life and its requirements. 
The plant, growing as it does in the soil, and sur- 
rounded by the atmosphere, derives from these two 
sources its nourishment and means of growth through 
the various stages of its development. From these 
sources, each equally indispensable, the plant obtains 
the materials which it has the power of elaborating and 
building up to form its own structure. 

Chemical analysis has shown that plants are com- 
posed of water, organic or combustible matters, and 
inorganic, incombustible, or mineral matters. These 
last are left as the ash when the plant is burnt. ‘The 
elements forming the organic portion of plants are 
carbon, hydrogen, oxygen, and nitrogen; the mineral 
portion, or ash, consists principally of lime, magnesia, 
potash, soda, oxide of iron, phosphoric acid, sulphuric 
acid, chlorine, and silica. 

The atmosphere is the great storehouse of organic 
plant-food. ‘The carbonic acid always present in the 
air is, as is well known, eagerly taken up by the leaves 
of plants, all of which have the power of decomposing 
carbonic acid, giving off its oxygen, and assimilating 
its carbon. Roughly speaking, three-fourths of the 
dry substance of all plants is derived from the atmo- 
sphere. 

Under conditions of natural growth and decay, when 
no crops are gathered in, or consumed on the land by 
live stock, the herbage on dying down and decaying 
returns to the atmosphere and the soil the elements 
taken from them during life; but under cultivation a 
succession of crops deprives the land of the constitu- 
ents which are essential to healthy and luxuriant 
growth. Without an adequate return to the land of 
the matters removed in the produce, its fertility cannot 
be maintained for many years. In newly-opened coun- 
tries, where old forests have been cleared and the land 
brought into cultivation, the virgin soil often possesses 
at first a high degree of fertility, but aretdally its 
productive power decreases from year to year, (ene- 
rally speaking, it is more convenient to clear fresh 
forest land than to improve more or less exhausted 
virgin land by the application of manure, labor, and 
skill In all densely peopled countries where such a 
mode of cultivation cannot be followed it is necessary 
to resort to artificial means to restore the natural 
fertility of the land and maintain and increase its pro- 
ductiveness. 

The researches of Liebig, Wiegmann, Polstorff, and 
others have proved beyond doubt the important func- 
tions of the mineral constituents of the soil in relation 
to plant life. The gradual removal of phosphate of 
lime in the tillage of dairy districts, or the removal of 
other mineral matters essential to the’ healthy growth 
of farm crops, certainly impoverishes the land. The 
exhaustion of the soil is caused in a much more marked 
way, however, by the rapid loss in available nitrogen- 
ous plant-food which soils sustain when under culti- 
vation without manure. 

Agricultural improvements manifest themselves in 
two different directions—the mechanical and_ the 
chemical. Under mechanical improvement the physi- 
cal condition of the soil is bettered and its latent stores 
of plant food brought into action by mechanical means, 
sah as ploughing, subsoiling, steam cultivation, ete. 
The introduction of new and superior agricultural im- 
plements, good systems of drainage, and intelligent 
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division of labor characterize the first stage of progress 
in agriculturé. The second stage is marked by the 
application of chemical principles to practical agricul- 
ture, an application shown by the introduction of a 
rational system of feeding, a proper rotation of crops, 
and chiefly the use of chemical, or artificial, manures 
for the purpose of restoring the natural fertility of the 
soil and increasing its productive powers. 

The aid which chemistry has rendered during the 
last twenty-five or thirty years to practical agriculture 
has greatly promoted agricultural improvements; and 
farming, which is ina large measure dependent for suc- 
cess upon an economical use of manures, is now being 
carried on much more ratioually than in former times. 
The proper application of various kinds of manures is 
one of the most prominent features of successful 
modern farming. 

In considering the economical use of manures on the 
land, regard must be had to the following points:— 
(1) the requirements of the crops intended to be culti- 
vated; (2) the physical condition of the soil; (3) the 
composition of the soil; and (4) the composition of 
the manure. Briefly stated, the guiding principle of 
manuring economically and profitably is to meet the 
requirements of the crops intended to be cultivated, 
by incorporating with the soil, in the most efficacious 
states of combination, the materials in which it is de- 
ficient, or which the various crops usually grown on 
the farm do not find in the land in a sufficiently avail- 
able condition to insure av abundant harvest. 

Soils vary greatly in composition, and hence it will 
be readily understood that in one locality or on one 
particular field a certain manure may be used with 
great benefit, while in another field the same manure 
has little or no effect upon the produce. Although 
increased attention has of recent years been paid to 
the chemical composition and properties of soils, there 
is still much room left for improvement, for many 
farmers disregard almost altogether the composition 
of their fields in buying artificial manures. 

It has been pointed out by Sir John Lawes that in 
actual Mnelish farm-practice there is, speaking prac- 
tically, a standard of natural produce which varies 
within certain limits, as influenced by seasons and 
management, and which cannot be permanently in- 
creased or reduced by cultivation; and further, when 
land is spoken of as being in ‘‘ good condition,’’ refer- 
ence is made only to the temporary rise of’ fertility by 
means of the manures employed, while by land “out 
of condition’’ is signified the exhaustion of the ma- 
nures by the removal of crops, loss by drainage, ete., 
and that the soil has merely gone back to its standard 
of natural productiveness. Some soils, indeed, con- 
tain in their natural condition hardly a sufficient pro- 
portion of available elements of plant food to’ yield 
remunerative crops; such soils are naturally barren, 
and, although by the constant use of manures they 
may be improved and may attain some degree of fer- 
tility, they will, if left unmanured, speedily revert to 
their former natural unproductive state. 

The principal constituents of manures are—nitrogen, 
in the form of ammonia, nitrates, and nitrogenous 
organic matters; organic matters not containing nitro- 
gen (humus); phosphoric acid, potash, soda, lime, 
magnesia, silica, ailunae acid, and chlorine. Of 
these constituents by far the most important are the 
nitrogen, phosphoric acid, and potash, and these will 
be considered more in detail. 

1. Nitrogen.—Nothing so much affects the produc- 
tiveness of soils as nitrogen, when it is supplied to 
plants in a form in which it can be assimilated by 
them, and nothing is more readily removed from the 
land, either in the crop grown or, in the form of ni- 
trates, by drainage. The ‘‘good condition’’ of land, 
to which allusion has been made already, is, in a great 
measure, the fertility which has been imparted to the 
soil by the nitrogen supplied to it, while the ‘‘ natural 
productiveness’’ may be taken as that due to the 
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phosphoric acid, potash, and-other mineral constitu- 
ents of the soil. 

Supply of Nitrogenous Plant Food.—In the case 
of a crop growing under natural conditions, and not 
removed from the land, the mineral constituents taken 
from the soil, and carbonaceous as well as some nitro- 
genous organic matter, principally derived from the 
atmosphere, are returned to the land, and a rich car- 
bonaceous soil or humus is produced in the course of 
years. Such a soil is capable of supplying for a con- 
siderable number of years, when under cultivation, the 
nitrogen needed by the crops grown on the land. This 
supply of nitrogen, however, gradually becomes ex- 
hausted by repeated cropping. The atmosphere, in 
addition to free nitrogen ‘gas, which constitutes about 
four-fifths of its volume, contains but very little com- 
bined nitrogen in the forms of ammonia or nitric acid. 

M. Boussingault’s experiments clearly show that 
plants do not possess the power of taking up by their 
leaves and of assimilating the free nitrogen of the air. 
This conclusion has been verified by the extensive re- 
searches of Messrs. Lawes, Gilbert, and Pugh. The 
nitrogen contained as nitric acid and ammonia in the 
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air, and descending upon the land in the shape of rain, 
dew, or snow, though, without doubt, adding to the 
supply of nitrogen in the soil, is altogether insufficient 
to meet the requirements of remunerative crops. The 
experiments of Messrs. Lawes and Gilbert and Pro- 
fessor Way show that the average proportion of nitro- 
cen deposited annually upon one acre of Jand at 
Rothamsted, St. Albans, amounts to 7.31 tb, of which 
ee 6.46 tb occur as ammonia and .75 tb as nitric 
acid. 

The further investigations of Dr. Voelcker, Professor ~ 
Frankland, and Messrs. Lawes and Gilbert upon the 
drainage water from cultivated soils show that a con- 
siderable quantity of nitrogen in the shape of nitric acid 
passes into land drainage, and that this loss of nitrogen 
is much greater than the total amount supplied to the 
land by the rain and dew. The results which Messrs. 
Lawes and Gilbert obtained in their experiments on 
the continuous growth of barley at Rothamsted from 
1852 to 1875 afford, as is shown in the following table 
(I.), direct evidence of the insufficiency of the atmos- 
pheric supply of nitrogen, and of that present in the 
soil in the form of nitrogenous organic matter. 


Growth of Wheat and Barley, year after year on the same 


Land without Manure, and with different kinds of Manure. 


Produce per Acre (Average per Annum), 


Dressed Corn. 
Total Straw. 


Manures per Acre per Annum. 
Quantity. Weight per Bushel. 
12 Years 12 Years 24 Years 12 Years/12 Years 24 Years 12 Years|12 Years 24 Years 
1852-63.) 1864-75,| 1852-75, | 1852-63.| 1864-75.) 1852-75.) 1852-63.) 1864-75.| 1852-75. 
Wheat.) bush. | bush. | bush. ib tb tb ewts. | cwts. | cwts. 
1. Unmanured continuously.......0..secccceceeeessereeee | 15 123 14 56% 59 5734 14% 934 1234 
2. Mineral manures alone (200 fh sulphate of potash, |} a 
100 ih sulphate of soe tb sulphate of mag- 1 4 y " 
nesia, and 34 ewts. of superphosphate made | }181 133, 16} 577 5934 58) 167% 14 14 
from 200 tb bone ash, 150 t sulphurie acid of 1.7 “a 7% ve Ks ‘ 3 5: . % 
specific gravity, ANG WAtET).........2.cer seer ees ese ceeeee 
3. Ammonia salts alone for 1845, and each year since; | ) 
mineral manure in 1844 (equal parts of sulphate | -225¢ 21% 21% 55% 58 56% 234 1844 20% 
and muriate of ammonia 4 OR Sree ea rrre s 
4. Ammonia salts and minerals. (The same miner- 
als as in No. 2, and 600 ib ammonia salts)........... }3s 37 8774 57% 6074 » 42% 40%4 a4 
5. Farmyard manure (14 tons every year).............. | 853g 35 3544 594 6054 60 3456 32% 8356 
Barley? 
1. Unmanured continuously..........0..2scsssrscsssvassereces | 2176 15% 18% 5144 5314 52% 12%. 9% 11 
2. Mineral manure alone (200 f) sulphate of potash, 
100 fb sulphate of soda, 100 th sulphate of mag- | }30%¢ 214% 2% 524% 5414 58% 15% 10% 183¢ 
Mid ee: ere of superphosphates). oe 
8. Superphosphates alone (3% cwts.).. ws 27% 203, 2414 5244 5434 538144 143 101 128 
4. Ammonia salts alone (200 i)...... Be tl) oe 315g | 514 | 5aiZ | 52tZ 19% 18) ha 
5. Nitrate of soda (275 BD) ose aguas 3934 | 82g | 36 51 5334 | 521g | 237% | 183 211% 
6. Ammonia salts and minerals. he same miner- ” 5 
als as in No. 2, and 200 t ammonia salts)........... 47% 44 45% 52% 55% 544 2976 2674 21% 
7. Nitrate of soda and minerals. (The same miner- 5. 
als as in No. 2, and 275 th nitrate of soda).......... | [2078 4676 484 5174 55% 5376 347% 28 31/4 
8. Farmyard manure (14 tons every year).............. | 4694 5034 4834 5314 554 543¢ 27% 2954 2834 


The Rothamsted soil is a moderately stiff one, of 
considerable depth, and contains naturally the mineral 
elements of plant food in abundance; thus it has been 
possible to grow corn crops for over twenty-five years 
without any manure (Plots 1). The crops in the 
second period of twelve years were, however, less than 
those of the first period, and in neither case were full 
crops obtained. While the application of mineral 
manures alone (Plots 2) produced only a slight increase 
in the case of the wheat, and rather better, though 


1 Previous cropping :—1839, turnips with farmyard manure; 
1840, barley ; 1841, pease ; 1842, wheat; 1843, oats; the last four 
crops unmanured, First experimental wheat crop in 1844. 
Wheat every year since; and, with some exceptions, nearly the 
same description of manure on the same plots each year—espe- 
cially during the last twenty-six years (1852 .and since), Unless 
otherwise stated, the manures are sown in the autumn before the 
seed. Area under experiment about 13 acres. 

2 Previous cropping :—1847, Swedish turnips with dung and 
superphosphate of lime, the roots carted off; 1848, barley; 1849, 
clover; 1850, wheat: 1851, barley manured with ammonia salts. 
First experimental crop in 1852. Barley every year since. 


| poor, results with barley, nitrogenous manures, applied 
to the land either in the shape of ammonia salts or 
lestteate of soda, produced a strikingly large increase. 
The experiments further show that while good crops, 
‘both of wheat and barley, can be grown by the annual 
| application of 14 tons cf farmyard manure per acre, the 
‘best results are obtained by the use of a mixture of 
mineral and nitrogenous manures. 

In Messrs. Lawes and Gilbert’s experiments the 
amount of nitrogen removed in different crops was de- 
termined with the following results:—over a period of 
thirty-two years (to 1875), wheat yielded an average 
of 20.7 tb of nitrogen per acre per annum without any 
manure, but the annual yield has decreased from 
an average of over 25 tb in the first eight to less than ~ 
16 tb in the last twelve years, and since 1875 it has 
been still less; over a period of twenty-four years, 
barley, when unmanured, yielded an average of 
18.3 to nitrogen per acre per annum, but with a 
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decline from 22 tb in the first twelve to 14.6 in 
the last twelve years. Hxperiments similar to 
those on wheat and barley have been made on oats, 
root crops, leguminous and grass crops, all showing 
the gradual decline in produce when grown continu- 
ously without nitrogenous manures, and proving that 
the soil and not the atmosphere is the chief source of 
nitrogen in plants.. In face of these results the 
“mineral theory’ of Liebig, which attached but small 
value to nitrogen applied to the soil in the form of 
nitrogenous manures, and maintained the sufficiency 
of the ammonia of the atmosphere for supplying the 
needs of the plant, cannot be accepted without reserve. 

Notwithstanding the great effect. produced by the 
nitrogenous manures, two-thirds of the nitrogen sup- 
plied was unrecovered in the increase of crops when 
the ammonia salts were supplied to wheat in autumn. 
When, however, nitrate of soda was used, which is 
always applied in the spring, the quantity left unre- 
covered was not much more than half that supplied. 

The following table (IL.), by Messrs. Lawes and Gil- 
bert, shows the amount of nitrogen recovered, and the 
amount not recovered, in the increase of the crop for 
100 supplied in manure, to wheat and to barley re- 
spectively, the result being in each case the average 
over a period of twenty years :— 


TABLE II. 
Wheat. Barley. 
20 Years 20 Years 
Manuring quantities per Acre 1852-71. 1852-71, 
per Annum, 
Recoy- | Not re- Not 


ered | covered) Recov- 
in In- | in In- | ered. 
erease. crease, 


recoy- 
ered, 


Complex mineral manure and 
41 tb of nitrogen as ammonia. 
Complex mineral manure and 
63.3 tb of nitrogen as am- 
BSDRUEAL LE pene ch ov cease cis yscesicvs on> 
Complex mineral manure and 


824 67.6 48.1 51.9 


49,8 


oc 
> 
io 


82 Ib of nitrogen as ammonia, 82.9 67.1 
123 tb of nitrogen as am- 81.5 68.5 
METS ncsitys vecewapsorse inv se'ens 
Complex mineral manure and 
164 lb of nitrogen as am- 28.5 71.5 
DIEING tvisicnts ssp -cecnlosacssseacesce 
Complex mineral manure and 453 54.7 


) 
Complex mineral manure ana | 


82 tb of nitrogen as nitrate.... 
Complex mineral and rape 
nee aid tb of Steet ait a) “as 36.3 63.7 
Farmyard manure (about 200 

DDIOL MIGTOSEM)..+.. vse yenseversaen ace 14.6 85.4 10.7 89.3 


The question will naturally be raised, What becomes 
of the one-half or two-thirds of the nitrogen which is 
not recovered in the increase of the crops? The ex- 
mination of some seventy samples by Dr. Voelcker, and 
a number of independent determinations by Dr. Frank- 
land, of the drainage-water from the experimental 
wheat plots which yielded the above results throw 
much light on this loss. The following table (IIL) 
contains a summary of some of the more important 
results obtained. 


TABLE III.—WNitrogen as Nitrates and Nitrites, per 100,000 
parts of Drainage Water from Plots differently Manured, in the 
Hxperimental Wheat-field at Rothamsted, Wheat every year, 
commencing 1844. 


| Mean of Dr. Voeleker’s and Dr, Frankland’s |Experi-|.; 
Results. ae Nitrogen. 

Farmyard manure......... 6 1,264 
Without manure......... 11 0.358 
Complex mineral manure..... Bessie varies 11 0.428 
0. and 41 tb nitrogen as ammonia 11 0,823 

Do. and 82 th nitrogen as ammonia 11 1.439 

Do, and 123 tb nitrogen as ammonia u 1.815 

Do. and 82 ib nitrogen as nitrate... 10 1.437 


These experiments show how great may be the loss 
of nitrogen by drainage when ammonia salts or ni- 
trates are liberally applied to the land in autumn, 
should there be much wet weather in winter, or even 
when applied in spring if there be much heavy rain ; 
also, that the quantity of nitrogen in drainage water 
as nitrates is increased in proportion to the amounts 
of ammonia or nitrate employed on the land. Assum- 
ing that from one-quarter to nearly one-half the an- 
nual rainfall descends more than 40 inches below -the 
surface, every inch of rain passing through the drains 
and carrying with it one part of nitrogen in 100,000 
of water, there will be a loss of 24 tb of nitrogen per 
acre from the manure. Dr. Voelcker’s analysis of the 
drainage water of a wheat field manured in autumn by 
ammonia salts supplying 82 tb of nitrogen per acre 
shows that for every inch of rain passing through the 
drains in January a loss took place of about 83 tb of 
nitrogen, costing about Is. per thas manure. The loss 
of nitrogen is thus very large, and shows that by far 
the largest proportion of the nitrogen of manure which 
is not recovered in the crop is lost in drainage. In ad- 
dition to the nitrogen removed in the crop and to that 
lost in drainage, some small proportion is found by 
analysis to be retained in the soil itself. The nitrogen 
may be of advantage to crops grown subsequently, ac- 
cording to the source from which it was derived ; for 
while ammonia salts and nitrates yield but very small 
residues, and exert little or no effect beyond the first 
year, from bones, cake, and other such materials we 
get large residues of nitrogen in the soil, which tell 
markedly on future crops. The experiments on drain- 
age water have further shown the absorbent power of 
soils, and that manuring matters when in contact with 
soils undergo remarkable changes, being taken up by 
plants, not in the simple state in which they are ap- 
plied, but in quite different kinds of combination. Pro- 
fessor Way has the merit of having first proved that all 
soils possess, in different degrees, the power of absorb- 
ing ammonia from its solution in water, and that in 
passing solutions of salts of ammonia through soils the 
ammonia alone is absorbed, and the acids of the am- 
monia salts pass through in combination, generally 
with lime, or, if lime be deficient, with magnesia or 
other mineral bases of the soil. 

Tn the drainage investigations at Rothamsted, it was 
found that, although large quantities of ammonia salts 
were applied to some of the plots, the drainage water 
from them contained mere traces of ammonia, but at 
all times of the year nitrates were present In quantity ; 
from this it would appear thatit is chiefly, if not solely, 
from nitrates that crops build up their nitrogenous or- 
ganic constituents. Before leaving the subject of 
drainage water it is worthy of note here that phos- 
phorie acid and potash, the most valuable mineral fer- 
tilizing constituents of the manures, passed but little 
into the drainage water, but were retained almost en- 
tirely in the land, while the more abundant and less 
important mineral matters, such as lime, magnesia, 
rer chlorine, sulphurie acid, and soluble silica, pass- 
ed in large quantities into the drainage water. It fol- 
lows from these investigations, first, that much more 
nitrogenous material must be applied to the land than 
would be needed to produce a given increase in the 
crop, supposing all the nitrogen to be recoverable; and 
secondly, that nitrogenous organic matters when ap- 
plied to the land undergo decomposition, and are grad- 
ually resolved into ammonia compounds, which, after 
being retained a-short time by the soil, are finally oxi- 
dized into nitrates, in which form they are most avail- 
able and beneficial to plants, but are not absorbed by 
the soil, and are readily washed out by rain.  Ni- 
trogen has great forcing properties, and is most bene- 
ficial when applied to crops in their early stages. Grass 
land on which nitrate of soda has been put as a top 
dressing shows very rapidly and markedly the effects 
of the manure. 

Nitrate of soda, unless applied just at the time the 
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crop is ready to take it up, will be largely wasted in 
drainage; hence it is usual to apply nitrate of soda as 
a top dressing in spring. Ammoniacal manures, such 
as Peruvian guano, soot, sulphate of ammonia, ete., 
when used for winter wheat, are best applied in autumn, 
either before the wheat is sown or when it is fairly 
above ground. On light and they are often used as 
top dressings for wheat early in.-spring. The gradual 
decomposition of farmyard manures gives a more con- 
stant supply of nitrogen than the manures already 
noticed, and as the fermentation of dung proceeds but 
slowly it is best to apply it, when quite fresh, in au- 
tumn or winter, allowing it to decompose in the land 
and to yield nitrogen as nitrates when required in 
spring by the fresh growth of vegetation. In the case 
of nitrogenous organic materials, such as wool or hair 
refuse, which take even longer than farmyard manure 
to decompose, it is necessary to apply them some three 
or four months before the seed is sown. 

2. Phosphoric Acid.—Next in value to nitrogen as 
a constituent of manures comes phosphoric acid. Of 
all the mineral or ash constituents of plants, this is the 
most) important, for the simple reason that it occurs in 
most soils in comparatively small proportions, and is 
required alike by corn and forage crops in larger quanti- 
ties than lime, magnesia, and other mineral matters, 
which. occur in most soils in almost inexhaustible 
quantities, or which, if deficient, can be easily and 
cheaply incorporated with the land. 

Phosphoric acid. occurs in soils principally in com- 
bination with lime as phosphate of lime, a constituent 
which enters largely into the composition of recent and 
fossil bones, coprolites, and guano, and a variety of 
phosphatic minerals, such as Norwegian and Canadian 
apatite, Sombrero and Curagoa rock phosphate, South 
Carolina phosphate, Spanish and Portuguese phos- 
phorite, ete. ‘These and other phosphatic materials 
are now used largely in the manufacture of superphos- 
phate and other artificial manures. 

Phosphate of lime is so sparingly soluble in pure 
water that, for all practical purposes, it may be con- 
sidered to be insoluble in water; it is, however, at- 
tacked by the natural agencies at work in the soil, and 
rendered available as plant food. According to the 
more or less porous condition of the phosphatic manur- 
ing materials, phosphate of lime is rendered more or 
less readily assimilable. Thus, while bone dust and 
guano, on account of their porous condition, may be 
used with good effect as suppliers of phosphoric acid 
to the soil, others, such as hard and crystalline Cana- 
dian or Norwegian apatite, produce but little or no 
result when used as manures merely in a powdered 
state. It was in 1840 that Liebig suggested the treat- 
ment of bones with sulphuric acid in order to make 
their action more rapid. This treatment of bones by 
acid converts the phosphate of lime into a soluble lime 
salt called superphosphate, or, speaking chemically, 
transforms the original tribasic phosphate of lime into 
the monocalcic phosphate, sulphate of lime being at 
the same time produced. Following on this, Mr. (now 
Sir) John Lawes treated mineral phosphates similarly 
with sulphuric acid, and with results which led to the 
establishment of a new industry, the manufacture of 
superphosphate and other artificial manures. The 
yearly importation of phosphatic minerals, etc., into 
England for this manufacture ‘alone exceeds 500,000 
tons. 

The acid or soluble phosphate of lime in superphos- 
phate, when applied to the soil, is first dissolved by 
the rain, and equally distributed in a portion of the 
soil, in which it must be precipitated and rendered in- 
soluble before it can be assimilated by the plant. It is 
this intimate distribution and subsequent precipitation 
in a most finely divided state that would seem to con- 
stitute the beneficial effects of superphosphate, and its 
superiority over undissolved phosphates. It supplies 
at once phosphoric acid, lime, and sulphuric acid to the 
soil, and is much used in conjunction with nitrogenous 
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materials. Superphosphates are manufactured of 
various strengths, the percentage of tribasic phosphate 
of lime, rendered soluble by acid, being taken as the 
basis of valuation. 

3. Potash.—The next to rank after phosphoric acid 
as a valuable constituent of manures is potash. It 
enters largely into the composition of all crops, espe- 
cially root crops. Sandy soils, as a rule, are poor in 
potash, for which reason they are benefited to a greater 
extent by the application of potash salts than most 
clay soils, which contain sufficient potash to meet the 
requirements of farm crops. In clay soils potash 
mainly occurs in the form of insoluble silicate of potash 
together with other silicates. By autumn cultivation, 
subsoiling, and similar means of facilitating the free 
access of the air to clay-land potash is gradually liber- 
ated from the insoluble silicates and is rendered avail- 
able as plant food. Lime also seems to be an import- 
ant agent in the liberation of potash. Potash also 
occurs in farmyard manure, urine, all excrements, in 
oil cakes, and largely in wood ashes. 

Most potash salts are very soluble in water; this ex- 
plains their greater abundance in the liquid than the 
solid excrements of animals. On this account it is a 
matter of importance, in making farmyard manure, to 
preserve the urine, and not lose the benefit of the 
potash salts it contains. On most soils in a good agri- 
cultural condition the addition of potash manures pro- 
duces little or no effect, but on poor sandy soils or 
worn-out pasture land the use of potash salts, in con- 
junction with superphosphate, dissolved bones, and 
guano, is followed by most beneficial results. Potash 
salts as an addition to manures for potatoes have been 
found advantageous, while their effect on pasture 
seems to be to improve the quality of the herbage 
rather than to increase the yield of grass per acre. 


4, Soda.—Most soils contain in abundance all the soda 
that farm crops require. With the exception of chloride of 
sodium (common salt), which occasionally is applied with 
more or less benefit to light sandy soils, and of nitrate of 
soda, which is employed as a nitrogenous manure, soda 
salts are not used for manuring purposes. 

5. Lime.—Lime is essential for the production of healthy 
crops. Experience has shown that, when a soil is deficient 
in lime, farmyard manure, Peruvian guano, and other ma- 
nures, though used in abundance, produce comparatively 
but little effect. Again, on poor sandy soils, lime, marl, or 
chalk not unfrequently produces better crops than farm- 
yard or expensive artificial manures. Lime not only sup- 
plies an essential constituent of plants, but also prevents 
the loss by drainage of fertilizing matters such as potash, 
ammonia, and phosphorie acid. One of the functions of 
lime in the soil is to combine with the acids of the potash 
and ammoniacal salts of guano and of farmyard and other 
manures, and to liberate potash and ammonia, which are 
retained in the land, while the inexpensive lime salts pass 
into the land drainage. 

Lime is used in agriculture in the form of quicklime, 

chalk (carbonate of lime), gypsum (sulphate of lime), marl, 
and shell sand. For liming purposes gas-lime also is fre- 
quently employed, and, if well exposed to the air before 
being put on the land, may be used with safety and advan- 
tage. ' 
6. Magnesia.—Magnesia is of but slight importance in 
manures; it occurs with potash in kainite and other potash 
salts, and the sulphate is sometimes used in making up ar- 
tificial manures, but apparently without benefit. 

7. Silica.—Silica is a constituent of the ashes of all plants, 
and occurs specially in large proportion in the straw of 
cereal crops. All soils contain such an abundance of silica 
that no necessity exists of supplying it artificially. 

8. Chlorine, Sulphuric Acid, and Oxide of Iron.—These ash 
constituents are of little practical importance, inasmuch as 
most soils contain a sufficiency of them to meet the require- 
ments of the crops usually cultivated on the farm. It may 
be observed, however, that chlorine has been found to be 
essential to plant life, and that iron is necessary for im- 
parting to plants their green color. 2 

9. Organic Matter or Humus.—The importance of organic 
matter in manures was formerly much exaggerated. It has 
been conclusively proved that the carbon of which the bulk 
of the dry substance of all agricultural produce consists is 
derived from the carbonic acid of the atmosphere, and not 
from humus of the soil or the non-nitrogenous organic mat- 
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ters supplied in the manure. The organic matters present 
in dung in the shape of more or less decomposed or rotten 
straw exert a beneficial effect by improving the physical 
condition of both light and heavy land. 


Farmyard Manure.—Farmyard manure is composed 
of the urine and solid excrements of animals collected 
in thestalls or yards, together with the straw used as lit- 
ter. Its composition varies greatly, according to the 
quantity of straw used as an absorbent, the nature of 
the animals, the food they have consumed to produce 
it, the length of time and way in which it has been 
kept, etc. The analysis by Dr. Voelcker of well-made 
farmyard manure from horses, cows, and pigs, given 
in Table LV., below, will show its approximate com- 
position. 


TABLE LV.—The Composition of Farmyard Rotted Dung from 
Horses, Cows, and eet in 100 ate 

Water... pat oonaroe,. Ht By 

Soluble! “organic matter... (Btsiamectod tated Tee 

Soluble inorganic me EPEN h)— 
Soluble silica... 
Phosphate of lime. 
Lime...... 


ua 


oo ot 
Tall 5) 


Chloride of sodiu 
Sulphuric acid .. 


Carbonic acid and loss 1.47 


Insoluble? organic matter... 12.82 
Insoluble inorganic matter (ash)— — 

Soluble silica... 

Insoluble silica.. 

Oxides of iron a 

phosphates... ‘ 

(© ontaining phosphoric acid. 274, 

ean to bone earth .57¢ 


Lime.. 
Magnesia . 
Potash .. 
Soda .. 

Sulphurie acid .. 
Carbonic acid and loss... 


6.58 


100.00 

This analysis shows that farmyard manure contains 
all the constituents, without exception, which are re- 
quired by cultivated crops to bring them to perfection, 
and hence it may be called a perfect manure. Dung, 
it will be observed, contains avery great variety of 
organic and inorganic compounds of various degrees of 
solubility, and this complexity of composition—diff- 
cult, if not impossible, to imitate by art—is one of the 
reasons which render farmyard manure a perfect as 
well as a universal manure. 

The excrements of different kinds of animals vary in 
composition, and those of the same animal will vary 
according to the nature and quantity of the food given, 
the age of the animal, and the way it is generally 
treated. Thus a young animal which is growing needs 
food to produce bone and muscle, and voids poorer dung 
than one which is fully grown and only has to keep up 
its condition. The solid and liquid excrements differ 
much in composition, for, while the former contains a 
good deal of phosphoric acid, lime, magnesia, and 
silica, and comparatively little’ nitrogen, the urine is 
almost destitute of phosphoric acid, and abounds in 
alkaline salts and nitrogenous organic matters, which 
on decomposition yield ammonia. Unless, therefore, 
the two kinds of excrements are mixed, a perfect ma- 
nure supplying all the needs of the plant is not ob- 
tained; care must accordingly be taken to absorb all 
the urine by the litter. Farmyard manure, it is well 
known, is much affected by the length of time and the 
way in which it has been kept. Fresh dung is soluble 
in water only to a limited extent, and in consequence 
it acts more slowly on vegetation, and the action lasts 
longer than when dung is used which has been kept 
some time; fresh dung is therefore generally used in 
autumn or winter, and thoroughly rotten dung in 
spring, when an immediate forcing effect is required. 

1 Containing .297 of Nitrogen, equal to .56 of ammonia. 

? Containing .309 of nitrogen, equal to .375 of ammonia. The 


whole manure containing ammonia in free state, .046; in form 
of salts, .057. 
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The changes which farmyard manure undergoes on 
keeping are illustrated by the following table of analy- 
ses, by Professor Wolff of Hohenheim in W iirtemberg, 
of farmyard manure in its different stages of decompo- 
sition : 


TABLE V.—Average Percentage Composition of Farmyard 


Manure. 
4 Moderately; Thoroughly 

Fresh. Rotten. Rotten. 
Water 71.0 75.0 79.0 
Giga x matters 24.6 19.2 14.5 
Ash.. pees 44 5.8 6.5 

100.0 100.0 100.0 
PODABD Casepscosuenaein cs dus csvteess 52 63 50 
Soda.. 15 19 13 
Lime. 57 70 88 
Magnes 14 18 18 
Phosphor 21 +26 30 
Sulphuric acid... A2 16 13 
Chlorine......... mes 15 Ad 16 
PRIMERS en tcasvide asian fava un dec dtess 1.25 1.68 1.70 
PUM RON wo sactne teaser cos sieeve AS 50 58 


These figures represent the composition of farmyard 
manure of rather poor quality. Well-made good dung, 
produced by fattening cattle fed upon a fair allowance 
of cake, roots, hay, and straw, on an average may be 
said to contain— 


Potash, 50 per cent. 
Phosphoric acid, . 53 Z: 
Nitrogen, 64 te 


Forty tons of dung, according to this estimate, contain 
in round numbers 448 tb of potash, 475 of phosphoric 
acid, and 573 of nitrogen. 

During the fermentation of dung a large proportion 
of the non-nitrogenous organic matters disappears in 
the form of carbonic acid and water, while another 
portion is converted into humic acids which effectually 
fix the ammonia gradually produced from the nitroge- 
nous constituents of the solid and liquid excrements. 
The mineral matters remain behind entirely in the 
rotten dung, if care be taken to prevent loss by drain- 
age. 

Well-fermented dung, it will be noticed from the 
preceding table, is more concentrated and consequently 
more efficacious than fresh farmyard manure. either 
fresh nor rotten dung contains any appreciable quantity 
of volatile ammonia, and hence there is no necessity 
for applying gypsum, dilute acid, green vitriol, or other 
substances recommended as fixers of ammonia. If 
dung is carted out into the field and spread out at once 
it may be left for weeks together before it is ploughed 
in without the slightest risk of sustaining loss in fer- 
tilizing matter by evaporation, for dung does not lose 
ammonia by evaporation on exposure to the air, and 
any mineral soluble salts will be washed into the soil 
where they are wanted. If, however, dung is kept for 
a length of time in shallow heaps, or in open straw- 

yards and exposed to rain, it loses by drainage a con- 
Saeetis portion of its most valuable soluble fertilizing 
constituents. 

With a view to ascertaining the loss in fertilizing 
substances which farmyard manure sustains when it is 
kept for a long time exposed in open yards to the de- 
teriorating influences of rain, Dr. Voelcker spread a 
weighed quantity of fresh dung of known composition 
in an open yard, and after a period of twelve months 
again weighed the dung and submitted it to analysis, 
when the results shown in Table VI., p. 518, were ob- 
tained. ; 

These tabulated results showed that the manure lost 
69.8 per cent. of its fertilizing matters; or, in round 
numbers, two-thirds of the dung was wasted and only 
one-third left behind. Thus, after twelve months’ ex- 
posure to the weather, nearly all the soluble nitrogen 
and 78.2 per cent. of the soluble mineral matters were 
lost by drainage. ‘To prevent this loss, aS ma- 
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TaBiy VI.—Showing the Loss which Dung sustains by Drainage 
in Open Yards. 


4 . » 
Fresh ah 12 
Manure. 7; onths 
Exposure, 
Weleht OF WE WAMUTSL cererececsttecousicdbetastan LON 798.65 
Amount of water in the manure 1098 622.80 
es dry substances,.......6 559 170.85 


The dry substances consist of— 
A, Soluble organie matters 
B. Soluble mineral matte 
C, Insoluble orgunic matte 
D. Insoluble mineral matters 


559.00 


Whereof 


A Contains NICPOGEN........00 secre 3.28 82 
Equal to ammonia. 3.98 9 

B contains nitrogen...,.. sch 6.21 3.56 
Equal to ammonia... 7.54 4,25 

Total amount of nitrogen in manure 9.49 3.88 
Equal to ammonia........... 11,52 4.64 


The whole manure contained— 


Ammonia in free state maviseuitin lvl 0055 
Ammonia in the form of salts readily 1.45 28 
decomposed by quicklime...... ’ i 
Total amount of organic matters . 466.64 98.40 
bl Mineral Matlers..... ee 92.36 72,45 
nure, as has been already pointed out, should, when 
possible, be carted into the field, spread out at once, 


and ploughed in at the convenience of the farmer. It 
is, however, not always practicable to apply farm- 
yard manure just at the time it is made, and, as the 
manure heap cannot be altogether dispensed with, 
it is necessary to see how the manure may _ best 
be kept. For proper decomposition both air and 
moisture are requisite, while extreme dryness or 
too much water will arrest it. Farmyard manure 
is either prepared in dung-pits, which are put 
in a separate place, or is accumulated under the 
animal in the feeding-boxes; of the two plans the 
latter is the better, the urine being more thoroughly 
absorbed, and, owing to the box manure being more 
compact through constant treading on it, air enters less 
freely and the decomposition goes on less rapidly, the 
volatile matters in consequence not being so readily 
lost. Hxternal agents, such as rain, wind, sun, ete., 
do not affect it as they would in the case of dung-pits. 
If farmyard manure must be stored in heaps, care 
should be taken to have the bottom and sides of the 
pit impermeable to water, and the bottom slightly in- 
clined to allow any liquid manure which collects to run 
off into a tank below, from which, by means of a pump, 
it may be again poured over the heap. <A concrete 
bottom for the pit is best, or, failing that, one of thick 
clay or well-beaten earth. The manure heap should be 
kept as compact as possible, and always moist. ‘The 
advantage of the farmyard manure lies, not only in its 
supplying all the constituents of plant food, but also 
in the improved physical condition of the soil through 
its application, as the land is kept porous, and air is 
allowed free access. While, however, farmyard ma- 
nure has these advantages, experience has shown that 
artificial manures, properly selected to meet the 
requirements of the crops intended to be grown, due 
regard being had to the chemical composition of the 
soil, may be employed to greater advantage. In farm- 
yard manure about two-thirds of the weight is water 
and one-third dry matter; a large bulk thus contains 
only asmall proportion of’ fertilizing substances, and 
expense is incurred for carriage of much useless matter 
when dung has to be carted to distant fields. When 
a plentiful supply of good farmyard manure can be 
produced on the farm or bought at a moderate price in 
the immediate neighborhood, it is economy to use it 
either alone or in conjunction with artificial manures; 
but when food is dear and fattening does not pay, or 
farmyard manure is expensive to buy, it will be found 
more economical to use artificial manures. 

Manures from Feeding Stufs.—The investigation 
of Messrs. Lawes, Gilbert, and Mure have shown that, 
in estimating the value of animal manure, 90 per cent. 
of the nitrogen of the food may be reckoned to be re- 
covered in the case of feeding cakes, pulse, and other 
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highly nitrogenous feeding stuffs; 85 per cent. in the 
case of foods comparatively poor in nitrogen, such as 
cereals and roots; and less than 65 per cent. in the 
case of bulky feeding stuffs, such as hay and straw. As 
a source of manure, the value of fattening foods is 
greater the more nitrogen they contain. » Practically 
speaking, the whole of the mineral constituents and 
about nine-tenths of the nitrogen of the food are recov- 
ered in the dung and urine. For the same weight of 
dry substance consumed, oxen void more manure than 
sheep, and sheep more than pigs. The composition of 
the different foods given to fattening animals being 
well known, it is easy to caleulate the amounts of ni- 
trogen, phosphoric acid, and potash of the food which 
will be recovered in the manure. Each constituent 
having its market value as a manuring constituent, the 
money value of the manure obtained from the con- 
sumption of a ton of any ordinary food of which the 
composition is known can be determined. Assumin 
ammonia to be worth 8d. per th, potash 2d. per th, af 
phosphate of lime 1d. perth, the money value of the 
manure produced by the consumption of a ton of 
various foods is given by Mr. Lawes in the following 
table (VII.), which also shows the general composition 
of the different foods as far as their manurial value is 
concerned. 


Tasiy VII.—Composition of Ordinary Feeding Stuffs mi 1000 
parts, and their Manwring Value per Ton. 


Money 
Dry | Nitro Phos- — a 
r rO- j e Ma- 
Matter.) gen. Potash. oe nure from 
* One Tono 
jeach Food. 
1. Cott icake| ) ak is 
. Cotton-seed cake} } ; - 
(decorticated)...| f 900 66.0 81.0 81.2 610 0 
2. Rape cake....... | 900 48.0 13.2 24.6 418 6 
3. Linseed ey a 885 45.0 14.7 19.6 412 6 
4. Cotton cake (un- ar Qn ¢ 5 
decorticated).... } 885 37.0 20.1 22.9 318 6 
5. Linseed.........00] 905 36.0 12.8 15.4 318 0 
6. Palm-kernel } 930 | 25.0 55 | 122 | 210 0 
.|° 860 36.0 9.8 8.8 8°26 
850 40.0 12.0 11.6 314 0 
880 43.0 9.6 8.9 317 0 
905 38.0 19.5 17.2 45 6 
865 25.0 14.8 86.1 218 0 
2 860 20.0 4.5 6.2 115 0 
3. Wheat.. 850 18.0 5.4 8.0 118 0 
14. Barley... 840 16.5 4.9 7.8 110 0 
15. Maize,......». 880 16.0 3.6 6.1 Be 
16. Locust beans 850 12.5 3.5 5.8 ez EG 
LFS LATOR ams aeuevevertel] «O80 42.0 6.6 16.3 313 6 
\18. Coarse pollard...| 860 25.8 14.9 34.2 218 0 
119, Fine pollard......| 860 26.0 14.6 30.3 27.0.0 
20. Malt.....csee 950 17.0 6.5 7.3 tiv 6 
21, Clover hay. 840 23.0 19.5 5.6 DAD Gi 
22. Meadow hay 840 14.6 16.8 3.8 110 6 
23, Bean straw ... 825 10.0 phe 4.1 i 10) 6 
24, Wheat straw 840 4.0 5.8 2.6 012 6 
25. Barley straw 850 5.0 9.7 2.0 010 9 
/26. Oat straw... 830 5.0 10.4 2.5 013 6 
/27. Pea straw 840 0.3 8.9 3.8 018 9 
28. Potatoes.. 250 3.5 5.6 1.8 OF 8 
29. Mangolds 115 2.0 3.9 7 05°83 
80. Swedes 107 2.3 2.0 6 0 4 3 
81, Carrot: 142 2.0 8.2 1.0 04 0 
82. Turnips wl 82 1.9 2.9 6 (ie) 
BO0 LATSOIPS sss sssecse|) LOO 212 3.6 L7 05 6 
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Tn these estimates it is presumed that the manure 
can be put on the land without loss, but in practice 
some loss is unavoidable; it may be but slight, as, for 
instance, when sheep are fed on the land, or when the 
manure is made in feeding-boxes, but it will be con- 
siderable when the food has been consumed in open 
yards in a very rainy season. Allowances must thus be 
made for the circumstances under which the manure 
was produced. 

Artificial Manures.—By some a distinction has been 
drawn between those manures which, like superphos- 
phate, dissolved bones, ete., are manufactured in 
chemical works and those which are produced naturally, 
such as guano, nitrate of soda, ete. However, the 
term artificial manure is generally applied to all 
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manures, natural or manufactured, which are not pro- 
duced on the farm, as distinguished from farmyard 
manure and manure from purchased foods, which are 
essentially farm products. he value of all manures 
mainly depends on their chemical composition. 

As compared with farmyard manure, artificial ma- 
nures have the disadvantage that they, unlike it, do 
not improve the physical condition of the soil. Arti- 
ficial manures have, on the other hand, the advantage 
over farmyard manure that they can supply in a small 
compass, and even if used in small quantity, the 
needed nitrogen, phosphoric acid, and potash, ete., 
which crops require, and which farmyard manure has 
but in small proportion; they present the expensive 
fertilizing matters in a concentrated form, and by their 
application save expense in labor and carriage. 

The following are the principal artificial manures in 
use :— 


1. Nitrogenous Manwres.—Peruvian Guano.—This is a na- 
tural manure valuable on account of the ammonia, phos- 
phoricacid, and potash it contains. It is the excrement, 
ete., of sea birds accumulated in parts where no rain falls. 
The earliest deposits found contained as much as 14 to 17 
per cent. of ammonia, e.g., Chinchas Island guano; those 
now (1882) imported seldom exceed 8 per cent., and gene- 

' rally vary from 4 to 8 per cent., of ammonia. In using guano 
it should be mixed with earth, ete., to prevent injury to the 
seeds or plants. Peruvian guano is also treated with sul- 
phurie acid, which renders the phosphates soluble and fixes 
the ammonia, thereby preventing any loss of it; this con- 
stitutes dissolved guano, and is frequently sold upon a guar- 
antee of 20 per cent. of soluble phosphates, 4 per cent. of 
insoluble phosphates, and 9 per cent. of ammonia. Peruvian 
guano is used as a top dressing for wheat and barley; in 
addition to insoluble phosphates, it contains soluble phos- 
phates of the alkalies. 

Ammonia Salts —The principal one is sulphate of ammo- 
nia, largely produced in gas works by neutralizing gas 
liquor with sulphuric acid; it is usually sold on a basis of 
24 to 25 per cent. of ammonia. 

Soot is valuable on account of the sulphate of ammonia it 
contains ; the percentage of ammonia varies from 14 to 4. 

Nitrate of Soda is a natural deposit ; itis greatly used asa 
top dressing for wheat and barley. It usually contains 
common salt, and when purified is sold on a basis of 95 per 
cent. of pure nitrate. 

Organic Nitrogenous Substances.—Wool, hair, fish, flesh, 
horn, blood, rape cake, damaged cotton cake and other oil 
cakes. Wool refuse (shoddy), according to its quality, con- 
tains from 4 to8 percent. of nitrogen, flesh 14 to 15 per 
cent., blood (dried) 13 to 15per cent., rape cake 4 to 5 per 
cent., linseed cake about4 per cent., cotton cake (undecor- 
ticated) nearly 4 per cent., and cotton cake (decorticated) 
over 6 per cent. of nitrogen. 

2. Phosphatic Manures.—(a) The following phosphatic 
minerals are used for the manufacture of superphosphate 
of various strengths, and of compound manures :—coprolites 
(Cambridge, Suffolk, and Bedfordshire), containing 50 to 55 
per cent. of phosphate of lime; phosphorite (Spanish and 
Portuguese) ; apatite (Norwegian and Canadian), contain- 
ing often as much as 80 per cent. phosphate of lime ; South 
Carolina (land and river) phosphate, 52 to 56 per cent. phos- 
phate of lime; French phosphate ; Sombrero phosphate, 
70 per cent. phosphate of lime; Curagoa phosphate, 80 per 
cent. phosphate of lime; Navassa phosphate; Aruba phos- 
phate, ete. 

(b) Bones.—Raw bones, as 4 inch and 4 inch bones; bone 
meal; bone dust, having about 48 per cent. phosphate of 
lime and 4 per cent. of ammonia; boiled bones, with 60 per 
cent. phosphate of lime and about 1.8 per cent. of ammonia ; 
dissolved bones; bone ash, with 70 per cent. phosphate of 
lime; animal charcoal, with 70 to 80 per cent. phosphate of 
lime. 

- (c) Phosphatic Guanos.—Lacepede Island guano; Mexil- 
lones guano; Malden Island guano; Fanning Island guano ; 
and many others varying in composition from 60 to 90 per 
cent. phosphate of lime. 

3. Saline Materials.—Potash salts (chloride and sulphate); 
kainite, with 20 to 25 per cent, sulphate of potash, and also 
sulphate of magnesia and common salt; wood ashes, with 
about 10 per cent. of potash ; common salt. 

4. Caleareous Manwres.—Lime, chalk, marl, gypsum, shell 
sand, gas lime, coal ashes, road scrapings, ete. 

5. Carbonaceous Manuwres.—Sawdust, peat, sea-weed, vege- 
tabte refuse, etc. 

6. Special and Compound Manures.—The basis of these is 
superphosphate, which is mixed with other manuring mate- 
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rials to meet the special requirements of particular crops 
and soils. 


The foregoing remarks made on the application of 
manures to different kinds of crops may now in conclu- 
sion be summed up. Farmyard manure, in order to be 
most beneficial, should be applied as quickly as possi- 
ble after it is made, the best time being in autumn or 
early winter. Nitrate of soda should be applied as a 
top dressing early in spring ; its effect will ie seen in 
the first season only. Ammonia salts, guano, dung, 
ete., are best applied to heavy land in autumn or win- 
ter, either befure the seed is sown, or after the plant 
is fairly above grownd, but in the case of light land 
early in spring. he effect of bones in the various 
form of ieulced bones, bone dust, raw bones, ete., 
will last two or more seasons according to the quanti- 
ties used and their respective solubility. Lastly, it 
may be observed that the presence of lime is essential 
to the economical use of manures. 

As regards cereal crops, it has been found that min- 
eral manures alone, whether simple or complex, do not 
produce appreciable increase of crop, but that nitro- 
genous manures, whether as ammonia salts, nitrate of 
soda, or farmyard manure, greatly benefit the crop ; 
that nitrate of soda does rather better than ammonia 
salts; and that, while on fairly heavy land farmyard 
manure will yield good crops, the best results are ob- 
tained by using mineral and nitrogenous manures 
together. On clay soils a top dressing of nitrate 
of soda often answers all practical purposes, but on 
light soils nitrate of soda or ammonia salts should 
not be used without mineral manures, while it is advis- 
able even on heavy land to use superphosphate as 
well, 

For root crops, on cold clay nothing answers so well 
as mineral superphosphate alone, but on light land 
dissolved bones, bone dust, precipitated phosphate, or 
a compound artificial manure will be found to be much 
preferable to superphosphate. Bone meal mixed with 
mineral Peer oet Late makes, for instance, a good 
manure for roots; for mangolds Peruvian guano and 
common salt in addition are useful, and for potatoes 
potash salts with phosphatic and nitrogenous manures. 

For pasture land the use of artificial manures, is, as 
arule, not economical ; nitrogenous manures raise the 
quantity and phosphatic and potash manures improve 
ve quality of the herbage, while, for worn-out pas- 
tures, potash with dissolved bones or superphosphate 
or superphosphate and guano will do much good. ‘The 
most economical way of manuring pasture land is to 
apply farmyard manure liberally, or feed it off with 
cattle, giving cotton cake in addition. 

The.employment of artificial manures in a judicious 
manner has shown the occupier of land that it is not 
necessary for him to be bound down to any system of 
rotation of crops which may be practised in his partic- 
ular district, but that he has the means of pursuing 
the course of cropping, system of manuring, and gen- 
eral management of his farm which will yield him the 
best returns. No more striking instance of this could 
be put forward than the experience of Mr. Prout, who 
at Sawbridgeworth, Herts, has grown with much suc 
cess cereal crops, year after year, on heavy clay land, 
selling the whole of the growing crops, and restorin 
the fertility of the soil by artificial manures. The lan 
was purchased in 1861, and up to the present time 
(1882) the crops have been as good as ever, and the 
land has not been deteriorated, but on the other hand 
improved, by continuous corn growing. ‘he experi- 
ments of Messrs. Lawes and Gilbert at Rothamsted 
and of Dr. Voelcker at Woburn have been thus veri- 
fied on a large scale in the experience of Mr. Prout, 
and have shown beyond all possibility of doubt the efh- 
cacy and economy of a liberal use of artificial ee 
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Teobaldo Mannucci, better known as Aldo Manuzio, 
the founder of the Aldine press, was born in -1450 at 
Sermoneta in the Papal States. He received a scholar’s 
training, studying Latin at Rome under Gasparino da 
Verona, and Greek at Ferrara under Guarino da Ve- 
rona. Having qualified himself for the career of a 
humanist, according to the custom of the century, he 
went in 1482 to reside at Mirandola with his old friend 
and fellow-student, the illustrious Giovanni Pico. 
There he stayed two years, prosecuting his studies in 
Greek literature. Before Pico removed to Florence, 
he procured for Aldo the post of tutor to his nephews 
Alberto and Lionello Pio, princes of Carpi. To Alberto 
Pio the world owes a debt of gratitude, inasmuch as 
he supplied Aldo with funds for starting his printing 

ress, and gave himlands at Carpi. It was Aldo’s am- 
bition to secure the literature of Greece from further 
accident by committing its chief masterpieces to type ; 
and the history of his life is the record of the execution 
of this gigantic task. Before his time four Ltalian 
towns had won the honors of Greek ‘publications :— 
Milan, with the grammar of Lascaris, Adsop, Theoc- 
ritus,,a Greek Psalter, and Isocrates, between 1476 
and 1493; Venice, with the Mrotemata of Chrysoloras 
in 1484; Vicenza, with reprints of Lascaris’s grammar 
and the Hrotemata, in 1488 and 1490; Florence, with 
Alopa’s Homer, in 1488. Of these works, only three, 
the Milanese Theocritus and Isocrates and the Floren- 
tine Homer, were classics. Aldo selected Venice as 
the most appropriate station for his labors. He set- 
tled there in 1490, and soon afterwards gave to the 
world editions of the Hero and Leander of Musezeus, 
the Galeomyomachia, and the Greek Psalter. ‘These 
have no date; but they are the earliest tracts issued 
from his press, and are called by him ‘‘ Precursors of 
the Greek Library.”’ 

At Venice Aldo gathered an army of Greek scholars 
and compositors around him. His trade was carried 
on by Grecks, and Greek was the language of his house- 
hold. Instructions to type-setters and binders were 
given in Greek. ‘The prefaces to his editions were 
written in Greek. Greeks from Crete collated MSS., 
read proofs, and gave models of calligraphy for casts 
of Greek type. Not counting the craftsmen employed 
in merely manual labor, Aldo entertained as many as 
thirty of these Greek assistants in his family. His own 
industry and energy were unremitting. In 1495 he 
issued the first volume of his Aristotle. Four more 
volumes completed the work in 1497-98. Nine come- 
dies of Aristophanes appeared in 1498. Thueydides, 
Sophocles, and Herodotus followed in 1502 ; Xenophon’s 
Fellenics and Kuripides in 1503 ; Demosthenes in 1504. 
The troubles of Italy, which pressed heavily on Venice 
at this epoch, suspended Aldo’s labors for a while. 
But in 1508 he resumed his series with an edition of 
the minor Greek orators; and in 1509 appeared the 
lesser works of Plutarch. Then came another stop- 
page. The league of Cambray had driven Venice back 
to her lagoons, and all the forces of the republic were 
concentrated on a struggle to the death mri the allied 
powers of Hurope. In 1513 Aldo reappeared with 

lato, which he dedicated to Leo X. in a preface elo- 

uently and earnestly comparing the miseries of war- 
are and the woes of Italy with the sublime and tran- 
quil objects of the student’s lite. Pindar, Hesychius, 
and Athenzeus followed in 1514. 

These complete the list of Aldo’s prime services to 
Greek literature. But it may be well in this place to 
observe that his successors continued his work by giving 
Pausanias, Strabo, Auschylus, Galen, Hippocrates, an 
Longinus to the world in first editions. Omission has 
been made of Aldo’s reprints, in order that tle atten- 
tion of the reader might be concentrated on his labors 
in editing Greek classics from MSS. Other presses 
were at work in Italy; and as the classics issued from 
Florence, Rome, or Milan, Aldo took them up, bestow- 
ing in each case fresh industry upon the collation of 
codices and the correction of texts. Nor was the 
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Aldine press idle in regard to Latin and Italian classics. 
The Asolani of Bembo, the collected writings of Poli- 
ziano, the Hypnerotomachia Poliphili, Dante's Divine 
Comedy, Petrarch’s poems, a collection of early Latin 

oets of the Christian era, the letters of the younger 
Pliny, the poems of Pontanus, Sannazzaro’s Arcadia, 
Quintilian, Valerius Maximus, and the Adagia of 
rasmus were printed, either in first editions, or with 
a beauty of type and paper never reached before, be- 
tween the years 1495 and 1514. For these Italian and 
Latin editions Aldo had the elegant type struck which 
bears his name. It is said to have been copied from 
Petrarch’s handwriting, and was cast under the diree- 
tion of Francesco da Bologna, who has been identified 
by Panizzi with Francia the painter. 

Aldo’s enthusiasm for Greek literature was not con- 
fined to the printing-room. He burned with a human- 
ist’s enthusiasm for the books he printed; and we may 
well pause astonished at his industry, when we remen- 
ber what a task it was in that age to prepare texts of 
authors so numerous and so voluminous from MSS, 
Whatever the students of this century may think of 
Aldo’s scholarship, they must allow that only vast 
erudition and thorough familiarity with the Greek 
language could have enabled him to accomplish what 
he did. In his own days Aldo’s learning won the 
hearty acknowledgment of ripe scholars. ‘l’o his fellow 
workers he was uniformly generous, free from jealousy, 
and prodigal of praise. His stores of MSS. were as 
open to the learned as his printed books were liberally 
given to the public. While aiming at that excellence 
of typography which renders his editions the treasures 
of the book-collector, he strove at the same time to 
make them cheap. We may perhaps roughly estimate 
the current price of his pocket series of Greek, Latin, 
and Italian classics, begun in 1501, at 2s. per volume 
of our present money. ‘The five volumes of the 
Aristotle cost about £8. His great undertaking was 
carried on under continual difhoulties, arising from 
strikes among his workmen, the piracies of rivals, and 
the interruptions of war. When he died, bequeathing 
Greek literature as an inalienable possession to the 
world, he was a poor man, In order to promote Greek 
studies, Aldo founded an academy of Hellenists in 
1500 under the title of the New Academy. Its rules 
were written in Greek. Its members were obliged to 
speak Greek. Their names were Hellenized, and 
and their official titles were Greek. The biographies 
of all the famous men who were enrolled in this academy 
must be sought in the pages of Didot’s Alde Manuce. 
It is enough here to mention that they included Eyvas- 
mus and the Hnglish Linacre. 

In 1499 Aldo married Maria, daughter of Andrea 
Torresano of Asola. Andrea had already bought the 
press established by Nicholas Jenson at Venice. 
Therefore Aldo’s marriage combined two important 
publishing firms. Henceforth the names Aldus and 
Asolanus were associated on the title pages of the Al- 
dine publications; and after Aldo’s death in 1515, 
Andrea and his two sons carried on the business during 
the minority of Aldo’s children. The device of the 
dolphin and the anchor, and the motto /estina lente, 
which indicated quickness combined with firmness in 


‘the execution of a great scheme, were never wholly 


abandoned by the Aldines until the expiration of their 
firm in the third generation. 

If. Pautus Manortrus (1512-1574). By his mar- 
riage with Maria ‘Torresano, Aldo had three sons, the 
youngest of whom, Paolo, was born in 1512. He had 
the misfortune to lose his father at the age of two. 
After this event his grandfather and two uncles, the 
three Asolani, carried on the Aldine press, while Paolo 
prosecuted his early studies with unremitting industry 
at Venice. Excessive application hurt. his health, 
which remained weak during the rest of his life. At 
the age of twenty-one he had acquired a solid reputa- 
tion for scholarship and learning. In 15383 Paolo 
undertook the conduct of his father’s business, which 
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had latterly been much neglected by his uncles. In 
the interregnum between Aldo’s death and Paolo’s 
succession (1514-33) the Asolani continued to issue 
books, the best of which were Latin classics. But, 
though their publications count a large number of first 
editions, and some are works of considerable magni- 
tude, they were not brought out with the scholarly per- 
fection at which Aldo aimed. The Asolani attempted 
to perform the whole duties of editing, and to reserve 
all its honors for themselves, dispensing with the ser- 
vice of competent collaborators. The result was that 
some of their editions, especially their Adschylus of 
1518, are singularly bad. aolo determined to restore 
the glories of the house, and in 1540 he separated from 
his uncles. The field of Greek literature having been 
well-nigh exhausted, he devoted himself principally to 
the Latin classics. He was a passionate Ciceronian, and 
perhaps his chief contributions to scholarship are the 
corrected editions of Cicero’s letters and orations, his 
own epistles in a Ciceronian style. and his Latin version 
of Demosthenes. Throughout his life he combined the 
occupations of a student and a printer, winning an even 
higher celebrity in the former field than his father had 
done. Four treatises from his pen on Roman antiqui- 
ties deserve to be commemorated for their erudition 
no less than for the elegance of their Latinity. Several 
Italian cities contended for the possession of so 
rare a man; and he received tempting offers from the 
Spanish court. Yet his life was a long struggle with 
pecuniary difficulties. T’o prepare correct editions of 
the classics, and to print them in a splendid style, has 
always been a costly undertaking. And, though 
Paolo’s publications were highly esteemed, their sale 
was slow. In 1556 he received for a time external sup- 

ort from the Venetian Academy, founded by Federigo 

adoaro. But Badoaro failed disgracefully in 1559, 
and the academy was extinct in 1562. Teanwhile 
Paolo had established his brother, Antonio, a man of 
good parts but indifferent conduct, in a printing office 
and book shop at Bologna. Antonio died in 1559, 
having been a source of trouble and expense to Paolo 
during the last four years of his life. Other pecu- 
niary embarrassments arose from a contract for supply- 
ing fish to Venice, into which Paolo had somewhat 
strangely entered with the Government. In 1561 
Pope Pius IV. invited him to Rome, offering him a 
yearly stipend of 500 ducats, and undertaking to es- 
tablish and maintain his press there. The profits on 
publications were to be divided between Paolo Ma- 
nuzio and the apostolic camera. Paolo accepted the 
invitation, and spent the larger portion of his life, 
under three papacies, with varying fortunes, in the 
city of Rome. Tithealth, the commercial interests he 
had left behind at Venice, and the coldness shown him 
by Pope Pius V., induced him at various times and 
for several reasons to leave Rome. But of these 
excursions it is not necessary to take particular notice. 
As was natural, his editions after his removal to Rome 
were mostly Latin works of theology and Biblical or 
patristic literature. 

Paolo married his wife, Caterina Odoni, in 1546. 
She brought him three sons and one daughter. His 
eldest son, the younger Aldus, succeeded him in the 
management of the Venetian printing house when 
his father settled at Rome in 1561. Paolo had never 
been a strong man, and his health was overtaxed with 
studies and commercial worries. Yet he lived into his 
sixty-second year, and died at Rome in 1574. 

ILI. Aupus Manurtivs, Junror (1547-1597). The 
younger Aldo, born in the year after his father Paolo’s 
marriage, cradled in scholarship, and suckled as it 
were with printer’s ink, proved what is called an 
infant prodigy. When he was nine years old, his 
name was placed upon the title page of the famous 
Eleganze dellu lingua Toscana e Latina. What his 
share was in that really excellent selection cannot be 
ascertained; but it is hardly possible that a boy of nine 
gould have compiled it without assistance. The Lle- 
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ganze was probably a book made for his instruction 
and in his company by his father. In 1561, at the age 
of fourteen, he produced a work upon Latin spelling, 
valled Orthographie Ratio. During a visit to his 
father at Rome in the next year, he was able to 
improve this treatise by the study of inscriptions, and 
in 1575 he completed his labors in the same field by 
the publication of an Epitome Orthographie. 
Whether Aldo was the sole composer of the work on 
spelling, in its first edition, may be doubted; but he 
appropriated the subject and made it his own. Prob- 
ably his greatest service to scholarship is this analysis 
of the principles of orthography in Latin. 

Aldo remained at Venice, prosecuting studies in lit- 
erature and superintending the Aldine press. But in 
these days of early manhood he was not satisfied with 
the career of scholarship aud business. At one time 
he hankered after the more worldly honors of the law, 
at another he built a country house at Asola, perplex- 
ing his father, who had given him too easy indepen- 
dence, with the humors of his age. A marriage came 
to make these matters straight. The Giunta family 
had been steadily rising in the world as printers, in 
proportion as the Aldi declined through want of con- 
centration upon commerce. In 1572 Aldo took for 
his wife Francesca Lucrezia, daughter of Bartolom- 
meo Giunta, and great-grandchild of the first Giunta, 
who founded the famous printing house in Venice. 
This was an alliance which augured well for the future 
of the Aldines, especially as the young husband, in 
the midst of distractions, had recently found time to 
publish a new revised edition of Velleius Paterculus. 
Iwo years later the death of his father at Rome 
placed Aldo at the head of the firm. In concert with 
his new relatives, the Giunta, he now edited an exten- 
sive collection of Italian letters, and in 1576 he 
appeared again before the public as a critic with his 
commentary upon the Ars Poeticu of Horace. Printing 
in this case, as in the case of his father, went hanc 
in hand with original authorship. About the same 
time, that is to say, about the year 1576, he was ap- 
ointed professor of literature to the Cancelleria at 
Magis: The Aldine press continued through this 
yeriod to issue books, but none of signal merit; and 
in 1585 Aldo determined to quit his native city for 
Bologna, where he occupied the chair of eloquence 
for a few months. In 1587 he left Bologna for Pisa, 
and there, in his quality of professor, he made the 
curious mistake of printing Alberti’s comedy Philo- 
doaius as a work of the classic Lepidus. Sixtus V. 
drew him in 1588 from Tuscany to Rome; and at 
Rome he hoped to make a permanent settlement as 
lecturer. But his publie lessons were ill-attended, 
and he soon fell back upon his old vocation of pub- 
lisher under the patronage of a new pope, Clement 
VILL. In the tenth year of his residence at Rome, 
that is, in 1597, he died, leaving children, but none 
who cared or had capacity to carry on the Aldine press. 
Aldo himself, though a precocious student, a scholar 
of no mean ability, and a publisher of some distinction, 
was the least remarkable of the three men who gave 
books to the public under the old Aldine ensign. ‘Times 
had changed in Italy since Aldo the elder conceived the 
great idea of reaping for the press the harvest of 
Greek literature. And his posterity had changed 
with the times for the worse. ‘This does not of neces- 
sity mean that we should adopt Scaliger’s critique of 
the younger Aldo without reservation. Scaliger called 
him ‘‘a poverty-stricken talent, slow in operation ; 
his work'1s very common-place ; he aped his father.”’ 
What is true in this remark lies partly in the fact that 
scholarship in Aldo’s days had flown beyond the Alps, 
where a new growth of erudition, on a basis different 
from that of the Italian Renaissance, had begun. 


Renouard’s Annales de V Imprimerie des Aldes, Paris, 1834, 
and Didot’s Alde Manuce, Paris, 1873, contain all necessary 
information regarding the lives of the Manutii and their 
publications, (J. A. S.) 
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MANZONT, AtEssanpRro I'rancrsco Tommaso 
ANTONIO (1785-1873), founder of the romantic school 
in Italian literature, was born at Milan, March 7, 1785. 
Don Pietro, his father, then about fifty, represented an 
old family settled near Lecco, but originally feudal lords 
of Barzio, in the Valsassina, where the memory of 
their violence is still perpetuated in a local proverb, 
comparing it to that of the mountain torrent. ‘The 
poet’s maternal grandfather, Cesare Beccaria, was a 
well-known author, and his mother Giulia a woman 
of some literary a ability. Manzoni’s intellect’ was slow 
in maturing, and at the various colleges where his 
school days were passed he ranked among the dunces. 
At fifteen, however, he developed a passion for poetry, 
and wrote two sonnets of considerable merit. On the 
death of his father in 1805, he .joined his mother at 
Auteuil, and spent two years there, mixing in the lit- 
erary set of the so-called “‘idealogues,”’ philosophers 
of the 18th century school, among whom he made many 
friends, notably Claude Fauriel. ‘There too he imbibed 
the negative creed of Voltairianism, and only after 
his marriage, and under the influence of his wife, did 
he exchange it for that fervent Catholicism which 
colored his later life. In 1806-7, while at Auteuil, he 
first appeared before the public as a poet with two 
pieces, one entitled Urania, in the classical style, of 
which he became later the most conspicuous adver- 
sary, the other an elegy in blank verse. on the death 
of Count Carlo Imbonati, from whom, through his 
mother, he inherited considerable property, including 
the villa of Brusuglio, thenceforward his principal 
residence. 

Manzoni’s marriage in 1808 to Henriette Blondel, 
daughter of a Genevese banker, proved a most happy 
one, and he led for many years a retired domestic life, 
divided between literature and the picturesque hus- 
bandry of Lombardy. His intellectual energy at this 
period was devoted to the composition of the Jani 
Sacri, « series of sacred lyrics, and a treatise on Catho- 
lic morality, forming a task undertaken under relig- 
ious guidance, in reparation for his early lapse from 
faith. In 1818 he had to sell his paternal inheritance, 
as his affairs had gone to ruin in the hands of a dis- 
honest agent. The beautiful villa I] Galeotto, where 
he had spent his childish years amid the scenery he 
afterwards immortalized, then passed from his hands, 
to his great regret. His characteristic generosity was 
shown on this occasion in his dealings with his pea- 
sants, who on settling their accounts were found 
heavily indebted to him. He not only cancelled on 
the spot the record of all sums owing to him, but bade 
them keep for themselves the whole of the coming 
maize harvest. 

In 1819 Manzoni published his first tragedy, J/ 
Conte di Carmagnola, which, boldly violating all 
classical conventionalisms, excited a lively controversy. 
It was severely criticised in the Quarterly Review, in 
an article to which Goethe replied in its defence, “ one 
genius,’ as Count de Gubernatis remarks, ‘‘ having 
divined the other.’’ The death of Napoleon in 1821 
inspired Manzoni’s powerful stanzas Z/ Cinque Maggio, 
the most popular lyric in the Italian language. 

The political events of that year, and the imprison- 
ment of many of his friends, weighed much on Man- 
zoni's mind, and the historical studies in which he 
sought distraction during his subsequent retirement at 
Brusuglio, suggested his great work. Round the 
episode of the Innominato, historically identified with 
Bernardino Visconti, J Promessi Spost began to grow 
into Lise and was completed in September, 1822, 
The work when published, after revision by friends in 
1825-27, at the rate of a volume a year, at once raised 
its author to the first rank of literary fame. In the 
interim of its composition in 1822, Manzoni published 
his second tragedy Acle/chi, turning on the overthrow 
by Charlemagne of the Lombard domination in Italy, 
and containing many veiled allusions to the existing 
Austrian rule. 


With these works Manzoni’s literary career was 
practically closed. ‘he end of the poet’s long life was 
saddened by domestic sorrows. ‘I'he loss of his wife 
in 1833 was followed by that of several of his children, 
and of his mother, to whom he was fondly attached. 
In 1837 he married his second wife, Teresa Borri, 
widow of Count Stampa, whom he also survived, while 
of nine children born to him in his two marriages, all 
but two preceded him to the grave. he death of his 
eldest son, Pier Luigi, on April 28, 1873, was the final 
blow which hastened his end; he fell ill immediately, 
and died of cerebral meningitis, May 22, aged eighty- 
eight. His country mourned him with almost royal 
pomp, and his remains, after lying in state for some 
days, were followed to the cemetery of Milan by a vast 
cortége, including the royal princes and all the great 
ofhcers of state. But his noblest monument was 
Verdi’s Requiem, especially written to honor his 
memory. 


Manzoni’s position in literature is unique; for, while the 
romantic Renaissance produced in other countries a galaxy 
of genius, in Italy it remained embodied in him alone, 
since none of his disciples came near enough to be classed 
with him. Scott declared I Promessi Sposi the finest novel 
ever written; and, if we take as our standard loftiness 
of aim combined with ingenious simplicity of style, and 
Titianesque power of character painting relieved by an 
undercurrent of subtle irony giving point to every trivial 
incident, we need scarcely dispute his verdict. 1t occupies 
the same place in Italian as Don Quixote in Spanish litera- 
ture, overshadowing in similar fashion the whole field 
of subsequent fiction. Manzoni’s poetry cannot be classed so 
high, and, despite its nervous diction and epigrammatic 
intensity of thought, it is asa great master of Italian prose 
that he will go down to posterity. 

Of exalted private character, Manzoni furnishes an almost 
solitary instance of a poet whose life contains no note of 
discord with the loftiest standard presented by his works. 
The highest genius, disciplined by still higher moral self- 
control, produced in him the rare spectacle of a perfect 
equilibrium of forces in a powerful mind. His presence 
was impressive, and his speech, though retarded by a 
slight impediment, so full of wisdom that Tommaseo de- 
clared he had learned more from his conversation than from 
all the books he had ever read. At the same time he had that 
exquisite courtesy in listening which gave to those who 
addressed him the sense of having spoken well. No man 
ever attained to greater honor from his contemporaries, or 
sought it less, and few have joined such rare intellectual 
gifts to so much gracious humility of mind and manners. 
His warmth of affection, tenderness of sympathy, and 
universal benevolence endeared him to his friends and 
fellow-citizens, while by his countrymen at large he was 
revered as the sage and patriarch of Italian letters. 

In addition to the works already named, he wrote La 
Storia della Oolonna Infame, and a small treatise on the Ital- 
ian language. J Promessi Sposi, laboriously revised by the 
author in accordance with the Tuscan idiom, has gone 
through 118 Italian, 19 French, 17 German, and 10 English 
editions. 

Biographical sketches of Manzoni have been recently published 
by Cesare Cantu (1882), Benedetto Prina, Giulio Carcano, Angelo 
de Gubernatis, Antonio Stoppani (his early years), and others. 
Some of his letters have been published by Giovanni Sforza, and 
a work entitled, Commento Storico su I Promessi Sposi, by Cesare 
Cantd. See also the essay on “Fauriel” in Sainte-Beuve’s Por, 
traits Contemporains, vol. iv. 

MAORIES. See NEw ZEALAND. 

MAP. 1. First HLssays in Map-making.—As each 
man stands in the centre of his horizon and the por- 
tion of the earth’s surface which lies within his range 
of vision has the appearance of a disk, the whole world 
was in ancient times conceived as a disk surrounded 
by the sea. It was consequently not uncommon for a 
people to tie was the case we know with the 
Chinese, the Hindus, the Chaldeeans, the Jews, the 
the Arabs, and even the ancient Peruvians—that it 
occupied the middle part of the world: The wider a 
people’s range of vision, the wider was the disk of the 
world represented. A circular surface is thus the 
simplest form for a mappa mundi or map of the 
world; and it is met with both in antiquity and in the 
Middle Ages. ‘The extent of the circle of vision 
depends among the uncivilized peoples on their way of 
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life. Wandering tribes have seen more of the world 
than settled tribes; and hunters, fishers, and seamen 
make the widest excursions. Among them conse- 

uently we find the beginnings of map-making; and 
Pakimo. Indians, and Polynesians, for example, show 
in this matter astonishing quickness of apprehension, 
while among the settled Negro tribes, on the other 
hand, there are no maps. map drawn by an 
Kskimo woman enabled Sir Edward Parry to discover 
Fury and Hecla Strait; M‘Clintock during his en- 
deavors to clear up the fate of the Franklin expedition 
repeatedly got the Eskimo to draw coast-maps of the 
Arctic lands; and many similar instances are given by 
Andree, ‘* Beginnings of Cartography,”’ Globus, xxxi. 
pp. 24-27, 37-43. 

Turning to civilized peoples, it is among the Keyp- 
tians that we find the earliest recorded examples 
of cartographic representation. Apollonius of Rhodes 
(born 230 B.C.) reports in his Argonautica (iv. 279) 
that the Egyptians of Colchis, a colony dating from 
the time of Ramses II.(?), had preserved as heir- 
looms certain wooden tablets («ipBecc) on which land 
and sea, roads and highways, were accurately indi- 


cated; HKustathius, in his commentary on Dionysius | 


Periegetes, mentions that Sesostris the Egyptian king 
caused route-maps to be prepared; and Strabo also re- 
fers to certain old maps in the library of Kratosthenes 
in which Meroe and the south end of the peninsula of 
India were placed on the same parallel of latitude. 
These statements have been confirmed by the actual 
discovery of such maps and plans on old Egyptian 
papyrus-rolls. Birch has, for instance, identified a 
drawing on a papyrus in the J'urin Museum as 
the topographical map of a gold-mining district in 
Nubia. ‘he perspective in this case is very childish: 
in order to show that the road leads between two 
mountain-chains, the mountains on one side of the 
road are inverted (comp. Lepsius, Urkundenbuch, pl. 
xxii.). This map is one thousand years older than 


that of Anaximander, who was considered by the | 
| maps which were to be publicly exhibited in a hall 


Greeks as the inventor of cartography. On another 
sheet appears a representation of the victorious re- 
turn of Sethos I. (1443-1392 B.¢.) from Asia, showing 
the road from Pelusium by Leontopolis to Heroopo- 
lis, Lake Timsah with fish in it, the canal from the 
Nile with crocodiles, and at Heroopolis a bridge over 
the canal. Similar picture-maps were discovered by 
Layard in Assyria (Nineveh and Babylon, p. 231 sq., 
1867). The ancient Babylonians have also the high 
distinction of having divided space and time in a way 
that allowed scientific measurement to be made after 
the still customary method. It was they who originated 
the division of the ecliptic into twelve signs and later 
into 360 degrees; and the division of the circle into 
360 degrees with 60 minutes to the degree and 60 
seconds to the minute, as well as the corresponding 
division of the hour, was the outcome of their sexa- 
gesimal system of enumeration. ‘This method of 
division was introduced among the Greeks by Hip- 
parchus (150 B.c.), and obtained general currency 
through the geographer Ptolemy (150 A.p.). By 
this means were provided the elements necessary for 
the astronomical determination of geographical posi- 
tion. Among the Egyptians and Babylonians map- 
making remained in its first infantile stage; its 
aeiontitie development was received at the hands of the 
Greeks. 

2. Development of Map-making among the Greeks.— 
In Homer the ‘‘circumfluent ocean’’ represents the 
horizon which bounds the disk of the world; the 
scientific treatment of geography and map-making has 
its origin among the Ionic Greeks of Asia Minor. 
Anaximander, a pupil of Thales (about 560 B.c.), 
sketched the first map (yewypagexde tives) and was the 
first who sought to determine the compass of the earth 
(the world-disk) and the sea. As the Greeks gradually 
extended. their journeys as faras India in the Kast and 
the Atlantic in the West, the conviction gained ground 
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that the world-disk could not be bounded by a regular 
circular outline. About one hundred years after 
Anaximander, Democritus of Abdera ventured to 
draw a new map on the basis of his own observations 
(for in his extensive wanderings he had been as far as 
Persia and perhaps even India); and in opposition to 
the circular furm of the Lonians he gave the world an 
oblong shape, and taught that from east to west it was 
half as long again as from north to south. Although 
after the time of Aristotle the tabular or flat-surface 
theory of the figure of the earth was expelled by the 
spherical or globe theory, the portion of the earth’s sur- 
face which was really known retained the same oblong 
shape which it had with Democritus; and hence we 
stil speak of longitude and latitude, that is, length 
and breadth. It was on this basis also that the 
fur-travelled Hecatesus of Miletus, who wrote his 
Tyg mepiodvg between 520 and 500 B.c., drew up 
his map; for the representation of the world on 
a brazen tablet, which was shown by Aristago- 
ras, tyrant of Miletus, to King Cleomenes of 
Sparta, was probably nothing else than the world- 
map of Hecateeus. ‘The first application of astronomy 
to geography was made by the famous Arctic naviga- 
tor Pytheas of Marseilles, about 326 B.c.; it is from 
him that we obtain the first observation of latitude, 
and, what is of some importance, this is for Marseilles. 
His voyage to the extreme North (Thule) was under- 
taken partly for the purpose of satisfying himself in 
regard to the figure and size of the earth. Diceearchus 
of Messana in Sicily, a pupil of Aristotle’s (310 B.c.) 
made the first approach to a projection. He divided 
the inhabited (¢.e., the known) world, which he reck- 
oned to be one and a half times as long as it was 
broad, into a northern and a southern half by means of 
what he considered a straight line drawn from the pil- 
lars of Hercules, through Sicily, the Peloponnesus, 
Caria, Lycia, Pamphylia, Cilicia, and across the 'l'au- 
rus to the Imaus ieee He thus drew the first 
parallel of latitude, and upon this basis he prepared 


(Agathem., 7 5; Strabo, p. 105). The name d:4- 
dpdypwa The vikovpévyc, t.e., partition of the inhabited 
world, was given to the base-line. For the next ma- 
terial improvement we are indebted to the famous as- 
tronomer and geographer Eratosthenes of Cyrene, the 
keeper of the Alexandrian library (276-196 B.c.). He 
was the first to make a rational geodetic measurement 
for the purpose of determining the size of the earth, 
and he collected in his Pewypagcxd the whole geographi- 
cal learning of his time. This work has unfortunately 
been lost, but from the numerous fragments that have 
been preserved especially by Strabo, it is possible to 
form an idea of this the first systematic geography. 
Starting with the spherical form and the size of the 
world, it gave a description of the oicovuévy. discussed 
the space relations of the world-island, and estimated its 
extent in longitude and latitude. On the basis of the 
diaphragm of Diczearchus, the course of which was 
more precisely indicated, a series of seven parallels 
and as many meridians cutting the diaphragm at right 
angles were drawn, and by this means the inhabited 
world was divided to the north and the south of the 
diaphragm into a certain number of regular divisions 
to which the name of sphragidia or seals was given. 
Then follows a description of the countries in the sey- 
eral ‘‘seals,’’ beginning with India. In this arrange- 
ment we may recognize the first attempt to construct a 
network or system of degrees. As numerous data in 
regard to distances were already at his command, 
Hratosthenes greatly improved on the old maps in the 
matter of correctness; but, as the number of astronom- 
ical determinations of latitude was still small, and the 
intervals between the parallels and the meridians were 
unequal and conditioned by the available data in re- 
gard to distance, his network of lines was far from be- 
ing an exact mathematical system. Hipparchus of 
Nicaea in Bithynia, the greatest astronomer of the 
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ancient world (about 150 B.c.), consequently rejected 
the geography of Kratosthenes. because it only par- 
tially utilized the abundant resources provided by the 
high development of contemporory mathematics and 
astronomy. Instead of the uncertain estimates of 
distance and direction furnished by travellers, only 
astronomical determinations of latitude and longitude 
should, he maintained, have been employed. He does 
not appear, however, to have himself written 

a geography or constructed a map. About 

the same time Crates of Mallus made the first eB 

globe. On this he extended the Atlantic 

Ocean southward to the south pole, placed a Fis.1. 

corresponding ocean on the other hemisphere, and, in 
the belief that the torrid zone could be occupied by noth- 
ing but water, ran an Oceanic belt along the line of the 
equator (fig. 1). In the four segments thus produced 
he set four semicircular land areas, only one of which 
was known to the ancient world. This systematic 
figure maintained its place down into the Middle Ages, 
as appears from the ornamentation of the globe that 
forms part of the insignia of royalty. 

Marinus of Tyre (about 150 A.D.) was the first who 
sought to give effect to the demand made by Hippar- 
chus for a trustworthy representation of the countries 
of the world. His work unfortunately has been lost ; 
and we know of its existence only from his successor 
Claudius Ptolemy. Without Marinus, however, 
Ptolemy’s work would have been impossible; and 
neither of them was able really to carry out Hippar- 
chus’s idea of determining the latitude and longitude 
for every place; for observations of latitude were 
known only for Marseilles, Syene, Alexandria, Rhodes, 
and perhaps a few other places, and all other positions 
were obtained by reducing distances to degrees. The 
determination of longitudes was even more difficult. 
Ptolemy possessed only the contemporary observation 
of the lunar eclipse in Arbela and Carthage of the year 
331 3B.¢., from which he calculated a difference of 
meridian of 45° 107 instead of 34° 2”. The longer axis 
of the Mediterranean was consequently a third too 
great, 62 degrees of the meridian being assumed in- 
stead of 41%, and from this there resulted an exaggera- 
tion of all the Mediterranean countries, which was 
corrected only by the compass-maps of the later Middle 
Ages. Ptolemy, however (availing himself of the 
stereographic projection devised by Hipparchus), cor- 
rected an important blunder which Marinus had com- 
mitted through neglecting to take account of the 
sphericity of the earth and constructing a rectangular 
system of degrees. Like Marinus, he counted his 
meridians from the Canaries (the Fortunate Islands). 
No maps appear to have been drawn by Ptolemy him- 
self; those to be found in the oldest editions of his 
work are by Agathodamon (a mathematician of the 
5th (?) century after Christ), though accurately based, 
it is true, on Ptolemy’s data. The oldest MS. of 
Ptolemy is that found in the Vatopedi monastery of 
Mount Athos, and published by Victor Langlois in 
1867 along with careful reproductions of the maps. It 
dates from the 12th or 13th century. Besides the ex- 
aggeration of the Mediterranean, the greatest blunders 
of Ptolemy are the following :—the European conti- 
nent between’ the Black Sea and the Baltic is too nar- 
row ; India is not represented as a peninsula; Ceylon 
(Taprobane) is made much too large; and the Indian 
Ocean is bounded by lands towards the south (Plate 
VIL). But in spite of all this the scientific method 

ursued in the representation was perfectly correct. 

t was not till the Renaissance that a return was made 
to the rational treatment of cartography inaugurated 
by Ptolemy ; and he then became the teacher of the 
modern world. 

3. Map-making among the Romans.—The Romans 
contributed nothing to the development of the scien- 
tific method of the Greeks, and did not apply astron- 
omy to the purposes of cartography. They valued 
maps according to their practical utility as implements 
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of political administration; and they accordingly at- 
tached most importance to the route-map, from which 
they could learn the roads, the stations, and the dis- 
tances. If we may judge by the few examples which 
have been preserved, these sketches may, distortions 
apart, be compared with our railway maps. Cicero 
and Seneca mention general and topographical maps. 
In their time the military routes were already divided 
into stages, furnished with milestones, and conse- 
quently measured. During the reign of Augustus a 
survey of the whole Roman empire was carried out. 
The routes were marked on parchment rolls for the 
purposes of military and civil administration. A map 
of the world was painted in a portico at Rome; a 
map of Italy was to be seen in the temple of Tel- 
lus. Particularly celebrated was Agrippa’s map. 
Pliny must plainly have been in possession of maps to 
keep himself right in regard to the great number of 
names which he records. A map of the Roman em- 
pire was drawn up under Domitian. The emperors of 
the 2d, 3d, and 4th centuries caused maps to be con- 
structed and painted on the walls of public build- 
ings in the cities of Gaul, as for example in Augusto- 
dunum (Autun); but of this class unfortunately none 
has been preserved. ‘The only Roman map, indeed, 
of the imperial epoch which has come down to us is 
the Vaubula Peutingeriana, which takes its modern 
name from Conrad Peutinger of Augsburg, who pos- 
sessed it in the 16th century. It is now preserved in 
the Imperial Library of Vienna. Its origin as a map 
goes back at least to the 3d century of the ‘Christian 
era,—to the time, that is, of Alexander Severus; but 
the actual copy is not older than the 13th century. It 
consists of twelve folio sheets of parchment, which 
originally formed one long strip. It has been published 
by Scheyb (1753) and Mannert (1834), and in excellent 
facsimile by Desjardins (1869, etc.). That the original 
of thisremarkable map was of a circular shape has been 
satisfactorily proved, the pattern followed being that 
of the map of the world in the portico of the Campus 
Agrippx, which for centuries retained the rank of a 
model. Probably, however, such an orbis pictus was 
not exactly round, but rather oval. In its construc-. 
tion effect was also given to the opinion current from 
the time of Herodotus that the extent of the inhabited 
world was greater from east to west than from north to 
south. Fyrom this it is clear that the Romans had not 
advanced beyond the earlier Greek conception, and 
were ignorant of the astronomico-mathematical method 
inaugurated by Hipparchus. 

4. Map-making in the Middle Ages.—The scholastic 
Middle Ages confined themselves to imitation of the 
Roman orbes. Fulness of detail, moreover, was gradu- 
ally Jost, meagreness and crudity appearing in its 
place. Cartography in fact fell back to a second child- 
hood. Fanatical exponents of the orthodox faith, like 
Lactantius, looked with disdain on all scientific culture. 
Geographical questions were of no interest to him 
because he regarded them as mere matters of opinion. 
Astronomy was a piece of fantastic folly, the knowledge 
of distant lands mere learned lumber. ‘‘ Quze beati- 
tudo,’’ he exclaims, ‘‘erit mihi proposita si sciero unde 
Nilus oriatur vel quicquid de ccelo physici delirant ?” 
As this narrow conception of things became on the 
whole the dominant one, geography and map-making 
practically ceased to exist. The doctrine of the spher- 
icity of the earth was placed under the ban of the 
church, and people went back to the Homeric idea of 
a disk surrounded bythe ocean. Isidore of Seville (0d. 
636) taught; ‘‘ Orbis a rotunditate circuli dictus quia 
sicut rota est. Undique enim Oceanus circumfluens 
ejus in circulo ambit fines. Divisus est autem trifarie ; 
e quibus una pars Asia, altera Europa, tertia Africa, 
quee et Libya nuncupatur.’’ Isidore is a master of 
false etymological inferences. Deriving rotunditas 
from rota, a wheel, he declares that consequently the 
earth has the appearance of a wheel. Hence the name 
wheel-maps has been given to all those maps of the 
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earlier Middle Ages. The three-fold division which he 
gives of the world-disk kept its ground for centuries, 
and the figure of the earth put on the miserable guise 
shown in fig. 2._ It was only by the Greek fathers that 
the doctrine of the earth’s sphericity continued to be 
taught ; and, as the knowledge of Greek rapidly died 
out in western Europe, the fountain dried up from 
which a better science might have been derived. Many 
minor modifications were introduced into the map of the 
world, but the fundamental type remained as given in 
fiz. 2. Jerusalem lay in the centre, Paradise in the 
extreme east. Clever artists gave life to the dise of 
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the world by turreted pictures of towns—Jerusalem, 
Troy, Babylon, Rome, ete., and drew Adam and Hye 
in the midst of a Paradise which was defended by a 
fence of thorns or of flames, and, being considered the 
highest place in the world, was always introduced at 
the top of the map! ‘The positions of Jerusalem and 
Paradise served to fix the other points. How long 
this conception remained in vogue appears from the fact 
that in 1422 Leonardo Dati, in a poem on the sphere 
(Della Spera), wrote, ‘‘A ‘T within an O shows the 
design ,”’ (Un T' dentre u uno O mostra il disegno), 
thus @. In this way the whole science of cartography 
sank back below the level attained by the Lonian 
Greeks. 

5. Map-making among the Arabians.—The first de- 
velopment of geographical science among the Arabs took 
place at Baghdad about 772 A.D., in the reign of the 
caliph Manstir, and under the influence of an Indian 
astronomer and mathematician; and, not long after 
the works of Euclid, Archimedes, Aristotle, and Ptol- 
emy were translated into Arabic, by orders of the caliph 
Maimitin (813-833), a degree was measured in Mesopo- 
tamia in the plain of Sinjar, and a system of the world 
(Rasm el-ard) was constructed by his librarian Moham- 
med ben Musa of Khiva (Alcharesmius), in which 
every place was to be determined by longitude and 
latitude in the style of Ptolemy. But the science split 
up only too soon into a practical and a theoretical 

astronomical) section—the one treating geography 
jaraffy4) as the doctrine of routes and provinces, 
the other as the doctrine of latitudes and longitudes. 
Astronomy contented itself with the astronomical de- 
termination of the position of places without drawing 
maps or exerting any influence on their projection ; 
travellers and topographers on the other hand did not 
trouble themselves about astronomy, but like Istakhri 
(ce. 750) or Ibn Haukal (c. 750) added maps to their 
descriptions which were destitute of any system of 
degrees, and betrayed by the roughness of their out- 
lines the clumsiness of the draughtsman. Ultimately, 
like Dimishki (1327), they left mathematical geography 
completely out of their works, [bn Haukal having 
already declared that mathematical division only 


juse of that important instrument. 
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brought confusion into geography. Only Edrisi’s map, 
engraved for King Roger II. of Sicily upon a silver 
plate (1164), forms an exception; but, as it was nut 
drawn according to the Ptolemaic projection, but 
simply indicated the seven climates, it was after all 
but an unsuccessful copy of Ptolemy. 

6. Nautical Maps.—The nautical (loxodromic or 
compass) maps, which made their first aypearance in 
Italy in the 13th century, indicate a gratifying improve- 
ment in cartography after a long period of stagnation, 
These maps were constructed with the aid of the 
compass, and took the name of compass-maps_ be- 
cause they are covered with the figure of a com- 
pass from which numerous straight lines radiate out 
in all directions over the sheet. The fact that the 
magnet turns towards the north is first mentioned in 
1187. Flavio Gioja of Amalfi was perhaps the first to 
make a mariner’s compass and to teach seamen the 
The Italians di- 
vided the compass into eight parts (venti), assigning 
45° to each—Tramontane (N.), Greco (N.E.), Levante 
(.), Sirocco (8.H.), Ostro (8.), Libeccio or Garbino 
(S.W.), Ponente (W.), Maestro (N.W.). Every divi- 
sion had four quarters (quarte di vento), each of 114 
degrees. The maps were produced as follows. The 
courses of individual ships were first of all inserted as 
straight lines, calculated according to the distances 
traversed, from particular ports, as Genoa or Venice, 
to other ports, and when a good supply of such ma- 
terial had been collected and a series of diagonals 
drawn in accordance therewith, the most important 
points on the coast and in the islands were fixed. he 
lines by which the meridians were cut at the same 
angle were called loxodromes; they gave a correct in- 
dication when they cut the true astronomical meridian, 
a false one when they cut the magnetic meridian. On 
the Italian charts the loxodromes were drawn as . 
straight lines. ‘The numerous radii of the compass 


/shown on the maps enabled the seaman to find the 


direction which he had to take to reach his goal. 


| Hence the title loxodromic maps. 


Charts on which the degrees were marked became 
necessary only when navigation extended to the ocean ; 
they were introduced by the Portuguese, probably at 
the suggestion of Prince Henry the Navigator. They 
Be ‘‘ plane charts’’ with lines of longitude and lati- 
tude, 


The oldest loxodromic charts which have been preserved 
come from Pisa, Genoa, and Venice. The earliest, the so- 
called Pisan chart, belongs probably to the middle of the 
13th century, and already comprises the whole Mediter- 
ranean. As this representation of the whole must of neces- 
sity have been preceded by surveys of the several portions, 
the beginning of the chart may be placed at least as far 
back as the first part of the 13th century. Next in point 
of age comes (2) the Luxoro Atlas in Genoa about the year 
1300, in the possession of the Cavaliere Tomas Luxoro. 
Then follow (3) Petrus Vesconte, 1311, in the national 
archives at Florence, including the eastern Mediterranean 
(Petrus Vesconte de Janua fecit ista carta ann diti M°COCXT®?), 
see fig. 3; (4) Marino Sanudo, a map of the world represent- 
ing the Mediterranean and the Atlantic coasts as far as 
Flanders, probably drawn between 1312 and 1321—several 
copies in Rome (the Vatican), Venice, and Brussels; (5) an 
atlas of Petrus Vesconte’s about 1318 (in Venice, in eight 
sheets; in Milan, ten sheets) ; (6) Perrinus Vesconte, 1327, 
in the Laurentian Library at Florence; (7) Joannes da 
Carignano, between 1306 and 1333, in the archives of 
Florence (Presbiter Joannes rector sancti Marci de portu Janwsze 
me fecit) ; (8) a map of 1346 in the Castilian tongue, in the 
National Library at Paris; (9) the Medicean atlas of 1351 
in the Laurentian Library at Florence, eight sheets, which 
represents also the Caspian Sea, and, remarkable enough, 
the whole of Africa; (10) Pizigani, 1367, in the National 
Library at Parma, a map of the world which extends as far 
as Persia, with numerous entries not only on the coasts but 
also in the interior ; (11) an atlas of Pizigani, of date 1363, 
nine sheets in folio, in the Ambrosian Library in Milan, 
comprising the Mediterranean and the Ocean as far as Jut- 
land (M.CCCLXXIIT a die VIII di zugno franzescho piziganiy 
veniziano im veniexia me fecit); (12) the famous Catalonian 
map of the world of 1375, in four sheets, in the National 
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Library at Paris; (13) a map by Guill. Solerio of Majorca, 
1385, in the public archives in Florence; and (14) atlas by 
some unknown hand, four sheets folio, in the Biblioteca 
Marciana at Venice. 

Several of these Italian maps give indubitable evidence 
that as early as the 14th century the Azores and Canaries 
had been discovered, as well as the coast of Africa as far as 
beyond Cape Bojador, With the middle of the century the 
coash maps developed into maps of countries with trade 
routes, pictorial figures, and numerous inscriptions. Maps 
preserved from the 15th century are still more numerous :— 
(15) a map by the Venetian Nicolao, of date 1408, in 
Vienna; (16) Mecia de Villa destes, 14138, in the National 
Gallery at Paris; (17) a map of the world of 1417, in the 
National Library at Florence; (18) Francesco de Cesanis, 
1421, in the Museo Correr at Venice; (19) a map of 1424 at 
Weimar; (20) atlases by Giacomo de Giraldi, 1426-43, in 
Venice and Milan; (21) Gabriel de Valsecqua, 1484, from 
Majorca ; (22) Francesco Beceario, three maps, in the Brit- 
ish Museum; (23) two maps by Battista Beccario in Munich 
(1426) and Parma (1435); (24) Andrea Bianco, 1436, an atlas 
of ten sheets, where for the first time the medieval cireular | 
muaps are accompanied by the Ptolemaic maps, in the Biblio- | 
teca Marciana at Venice; also ainap of 1448, drawn at Lon- | 
don, nowin the Ambrosian Library at Milan (Andrea Bianco | 
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venecian camito di galia me fexe a londra, 1448); (25) an ellip- 
tical map of the world in the Pitti Palace at Florence, of 
Genoese origin, and of date 1447; (26) Hannibal de Madiis 
1449, in the Ambrosian Library ; (27) a Catalonian map of 
the world, of 1450 (?), in the National Library at Florence ; 
(28) Giovanni Leardo, two maps of the world, of date 1448 
(in the museum at Vicenza) and 1452 (the property of 
Consul-general von Pilat at Venice); (29) Fra Mauro, a 
famous map of the world from 1457-59 in the Biblioteca 
Marciana at Venice; (380) Gratioso Benincasa of Ancona, a 
diligent cartographer, twenty-five very carefully executed 
works dating from between 1460 and 1482; most of them 
are in Italy, chiefly at Venice, two in Paris, one at Munich, 
and one without date in the British Museum; (31) Andrea 
Benincasa, son of the preceding, three maps of 1476 (Ge- 
neva) and 1490 (Ancona and Rome); (82) Bartolomeo 
Pareto, a map of the world, of 1455, at Rome; (33) 
Giorgio Giovanni, 1484 (Parma); (384) Count Horto- 
manus Fredutius of Ancona, 1497 (Wolfenbittel). 

In the beginning of the 16th century, (85) Alberto Can- 
tino, about 1501-3, was the first in Italy to draw a map re- 
presenting portions of America, Carta da navigare per le 
Isole nuovamente trovate in la parte delle Indie, in the library 
at Modena. (36) The Maggiolo family, famous for its car- 
tography, flourished in Genoa between 1511 and 1648, Vis- 
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Fie, 3.—Chart of the Mediterranean (P. Vesconte, 1311), 


conte Maggiolo, the founder of the family, is known to have 
produced nineteen atlases between 15U1 and 1587. A map 
by Giacomo Maggiolo, of date 1562, is in the British Museum, 
(37) Battista Agnese labored between 1527 and 1554 in Ven- 
ice, and the thirteen atlases he has left behind him are 
pieces of fine artistic work adorned with charming minia- 
tures. Two of these atlases, of the date 1527 and 1536, 
are in the British Museum. 

In the 15th century and the beginning of the 16th Span- 
ish, Portuguese, Greek, and French cartographers appear as 
competitors with the Italian, Catalonian, and Balearic 
artists. We name only the most important. Juan de la Casa, 
a Basque, and a companion of Columbus, drew in 1500amap 
of the world in which for the first time the hitherto 
discovered coasts and islands of America were introduced. 
A map of the world by Garcia de Torero, 1522, is preserved 


at Turin; and two general maps, the one dating 1527 
(probably by Fernando Colon, son of Columbus) and the 
other. 1529 (by Diego Ribero), exist at Weimar. Between 
1558 and 1569, Diego Homem produced several beautiful 
atlases; of these four are in Italy, and one, of date 1568, at 
Dresden. Among the French world-maps a special place is 
due to thatdrawn up by order of King Henry II. It is 
published by Jomard in his Monwmens de la géographie. 

As far as Italian navigation extended, and especially 
within the limits of the Mediterranean, a very correct rep- 
resentation of the coasts and of the contours of the several 
countries was secured at an early date. The interior of the 
countries, on the other hand, remained confused and inex- 
act. These defects were first supplied in the 15th century, 
when recourse was again had to the contributions of the 
Greeks, and especially of Ptolemy. 
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Before proceeding to discuss this new development, it may | 
be as well to mention the various names by which the repre- 
sentations of the earth’s surface have been designated. 
The Greeks employed the expression rivat (picture), the 
Romans in like manner said tabula. The word map came | 
into use in the middle ages, the name mappamundi, mappe- 
monde (“world-napkin’’), proving that maps were origi- 
nally painted on cloth. In English map is applied only to 
a land-map, the sea-map being known as a chart. The Ro- 
mance languages had the expressions disegno, figura, pintura, 
padron. When the loxodromic maps came into existence, 
hand-books with sailing directions were written to accom- 
pany them, hence the titles “sailing directions,” “ sea- 
books,” portulani (by which word actual maps were after- 
wards meant), or cartas da marear. The Latin word charta 
signifies originally a letter, a written document; and in 
like manner the Portuguese and Spanish form carta. But 
as early as the 14th century this expression was (as appears 
from the inscription quoted under No. 3 above) used to 
distinguish a sea-map. Inthe same sense Paolo Toscanelli 
speaks of his carta, which he sent to the king of Portugal. 
But the expression did not become general till the 16th 
century ; in 1513 we find it in Germany in a Strasburg 
edition of Ptolemy (Carta Marina Portugalensium), in 1524 
in Spain (in the Junta of Badajoz), in 1582 in England 
(Michael Lock). 


7. The Revival of Ptolemy.—This produced in the 
14th century a revolution in the construction of maps, 
and laid the foundations of modern cartography. 
Ptolemy’s great work again became generally well 
known in western Hurope only after it was translated 
into Latin by Jacobus Angelus de Scarparia in 1409 ; 
and this version was first printed in 1475 at Vicenza 
without maps. ‘The first edition with maps (to wit, a 
map of the world, ten maps of Kurope, four of Africa, 
and twelve of Asia) appeared at Rome in 1478. After- 
wards there were editions at Bologna (1482), Ulm 

1482, by Nicolaus Donis with five modern maps), Ulm 
1486), Rome (1490, 1507, and 1508, the last with 
seven modern maps, among which the famous map of 
the world by Joh. Ruysch), Strasburg (1513, with 
forty-seven maps); and in the course of the same cen- 
tury twenty-five other editions might be mentioned at 
Strasburg, Basel, Lyons, Cologne, Venice, and Paris. 
From this long series, which if prolonged to the begin- 
ning of the Thirty Years’ War would be further in- 
creased by five, it is evident that Ptolemy was the 

reat master of the modern time. At first maps were 

rawn according to Ptolemy’s determination of geo- 
graphical position ; but, in proportion as the study of 
mathematics, astronomy, and cosmography excited the 
interest of men of culture, opportunities were afforded 
of correcting Ptolemy's astronomical position, espe- 
cially in the case of central and northern Kurope, where 
the range of the great cosmographer’s knowledge had 
hardly enabled him to collect original material. The 
new arts of wood and copper engraving supplied the 
means for a rapid diffusion of printed maps. The 
oldest map printed from a wooden block (in the Na- 
tional Library at Paris), dating from 1460, and thus 
belonging to the earliest period of wood engraving, was 
produced in Germany, and represents Germany and 
western Hurope. It is considered to be a copy from 
an old Roman map. 

After the foundations of trigonometry had been laid 
by Purbach, Regiomontanus, and others, attempts of 
a rather rude kind were made in the beginning of the 
16th century to execute geographical triangulations 
and delineations. The towns formed the central points 
of the system, their direction and position from the 
post of observation being fixed as precisely as possible, 
and their distance estimated in miles according to the 
best available data without being accurately measured. 
Tt was considered sufficient to assign in this way the 
relative positions of inhabited places, and the repre- 
sentation of the physical relation was very superficial ; 
the course of rivers, for instance, was not measured, 
but carried past the towns on their banks in conyen- 
tional lines. 

In the Ptolemy of 1513 we already find three topographi- 
cal maps, viz., one of Switzerland, one of the district of 
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the upper Rhine from Basil to Mainz and Lorraine, and a 
large one of Crete, which it has been conjectured was taken 
from a Venetian original. The number of maps of smaller 
districts rapidly increased. In 1528 Aventinus drew the 
duchy of Bavaria, in 1533 Sebastian of Rotenhamm pro- 
duced a map of East Franconia. Map drawing became a 
favorite occupation with the Germans. The best geographi- 
cal survey of this period was Chorographia Bavarie, by the 
famous Philip Apianus (twenty-four sheets, at Ingolstadt, 
1568). The number of cartographers increased so rapidly 
that Abraham Ortelius, in the first edition of his collection 
of maps (Theatrum Mundi, 1570), was able to give the names 
of ninety-three. The first attempts to improve and to in- 
crease the methods of projection kuown to the Greeks were 
made by Germans,—namely, Johann Stéfller (1452-1536), 
Johann Werner of Nuremberg (1468-1528), Peter Apianus, 
(1495-1552). The last-mentioned introduced the favorite 
method of representing both hemispheres together in an 
elliptical form with lines of latitude. Maps of the world 
were compiled by Peter Apianus, Oronce Finé (1494-1555), 
Sebastian Cabot (1544), Giacomo Gastaldo (1546-48), Giovy. 
Batt. Guicciardini (1549), Giov. Domin. Methoni at Venice, 
Heinrich Pontanus of Arnhem (1566, a map of the world 
in the shape of an imperial eagle), Guill. Postel at Paris 
(1581), ete. 


8. Mercator and his 
mer, usually called Mercator 
yvarents at Rupelmonde in 
Fak the honorable place of a reformer of car- 
tography. We possess his map of Palestine 
(1537), a map of Flanders (Louvain, 1540) in nine 
sheets, phototypedin 1882, a globe (1541), and the first 
critical map of Europe (1554), by which he laid the 
foundation of his fame as the first cartograper of’ his 
age. he exclusive use of Latin letters for maps in 
Germany was due to his example. Especially famous 
is his map of the world (fig. 4) dating from 1569: 
‘“ Nova et aucta orbis terra descriptio ad usum navi- 
gantium emendate accommodata’’ (one copy in the 
National Library at Paris). This map is drawn in the 
projection of increasing latitudes with lines of latitude 
and parallel meridians, the basis of which was furnished 
by Edward Wright in 1599 in Certain Lrrors in Navt- 
gation. It is the first chart on which true rhumb lines 
could be drawn as straight lines. By 1601 Mereator’s 
projection was in use for all sea charts. In 1578 Mer- 
cator drew up maps for Ptolemy exactly in accordance 
with his determinations; and these were followed by 
maps of Germany, the Low Countries, and France 
(1585), and of Italy (1590). It was his purpose to 
yroduce a complete collection of new maps, to which 
i gave the name Aflas ; but he died in 1594, and the 
publication of this first atlas (1595) was left to his son. 
The title took the place of the designations previously 
in fashion—Theatrum Orbis, Speculum Mundi, ete. 
The second edition of the Aélas appeared in 1602. The 
later editions were issued by Jodocus Hondius in 


Successors. —Gerhard Kra- 
(born of German 
Flanders in 1512), 


| Amsterdam. 


Before Mercator collections of maps, including various 


‘countries, and independent of Ptolemy, had begun to be 


published, Thus Christoffel Froschover in Zurich issued 
various ‘ Landtaflen” in 1562—a map of the world (Univer- 
salis Cosmographia, in the shape of a heart, dated MD.XL.VI.), 
Kurope, Germania, Gallia, “die gantze Eydgnoschatlt,” and 
eight topographical maps of Swiss districts. Of much 
greater importance and influence was the collection pub- 
lished by Abraham Ortelius of Antwerp (1527-98), Theatrun 
Orbis Terrarwm (1570), in which the best maps from all 
countries were re-engraved, The first edition with a Latin, 
text contained fifty-three sheets; the seventh (1573) haw 
sixty-nine maps, the twelfth (1579) ninety-two. ditions 
appeared with the text in German, French, Dutch, and 
after 1600 in English and Italian, and obtained the widest 
diffusion, Through this work the centre of cartographic 
activity was transferred to Holland. There too labored the 
successors of Mercator, Jodocus Hondius (1563-1611) and his 
son Henricus Hondius (1580-1644). Their maps, in several 
folio volumes, were numbered by hundreds, To the school 
of Mercator belonged also Petrus Plancius and Lucas Jans- 
zoon Waghenaer of Enkhuyzen (Aurigarius), who by his 
Spieghel der Zeevaerdt (Leyden, 1583) became the founder of 
nautical map-collections. In 1588 a reproduction of this 
atlas appeared in London as the first “‘ Waggoner.” In the 
beginning of the 17th century the town of Dieppe also pro- 
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duced excellent charts,—Guill. Levasseur (1601), Jean Du- 
pont (1625), and Jean Guerard (1631) being at work there, 
About the same time another famous cartographic family 
arose in Holland. William Jansz. Blacu (1571-1638) and 
his sons Jan and Cornelis turned out about four hundred 
maps previous to 1655. William Blacu was in 1633 ap- 
pointed by public decree cartographer to the States-General ; 
and it was his duty to examine the ships’ logs and so amend 
the maps. He hada rival in the person of Jan Janszoon 
(Jansonius), who, working with the material inherited by 
him from his father-in-law Jodocus Hondius, produced a 
Dutch atlas in six volumes, a French in six folios, a Ger- 
man in nine folios, and a Latin in two. Cartography be- 
came a lucrative business, but the scientific value of the 
work grew less and less in the hands of Nicolaus Vischer 
(Piscator) from 1621 to 1670 and his son of the same name 
(0b. 1709,, of Friedrich de Witt and his sons, and of Peter 
Schenck. The influence of the Dutch school, which had 
previously been so great, disappeared with the close of the 
17th century. 

In the 16th century the Italians were still active com- 
petitors with the Germans and Dutch. In engraved maps 
Venice held a specially high rank up to 1570, the Piedinon- 
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teso Giacomo Gastaldo and Paolo Forlani of Verona being 
settled there. Their publications comprised well-nigh all 
parts of the earth. The progress of discovery can be followed 
on their general (wniversale) and topographical maps. Gas- 
taldo’s period of activity lay between 1546 and 1569, Forla- 
ni’s between 1560 and 1570. They had a successor in Antonio 
Magini (1555-1617) of Padua, who in his Nova geogr. tabula, 
published in 1596, gave greater precision to the determina- 
tions of position. Giovanni Battista Nicolosi (1610-70) of 
Sicily issued at Rome a series of huge maps of the hemi- 
spheres and contivypis. Among the French map-makers 
of this period must be mentioned Oronce Finé (Fingeus) 
from Dauphiné (1494-1555), who published in 1531 his 
Planispherium geographicum tn the shape of a heart accord- 
ing to the projection of Apianus; Jolivet (about 1560) ; 
Guillaume Postel (1505-81), who in 1570 drew a new map 
of France; the Franciscan André Thevet (1502-90), who in 
1575 edited a Cosmographie wniverselle (2 vols, in folio), and 
finally Melchior Tavernier, a pupil of Ortelius (0b. 1641), 
who published many maps of European countries, In Eng- 
land there appeared in 1544 the great map of the world by 
Sebastian Cabot. The firsé modern map of England was 
(Anglize regni tabula 
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V1G.4.—Cutline of Mercator’s Nova et Aucta Orbis Descriptio, 1569. 


and Corographia Cambrie). He was succeeded by Chris-| afterwards adopted Corvo in the Azores, because he there 


topher Saxton, who travelled through different parts of the 
country with several engineers, and in 1575 gave to the 
world his British atlas of thirty-six sheets, which Philip 
Lea afterwards reduced to twelve sheets. John Speed’s 
atlas (VTheutrum) of Great Britain was published at 
Amsterdam in 1610 by Jodocus Hondius. The first 
map of Scandinavia (Regnorwm Aquiloniorum Deseriptio) 
was produced in 15839 by Olaus Magnus, archbishop of Up- 
sala. Much more accurate was the map drawn by Adrian 
Veno in 1613, and engraved by Jodocus Hondius, but the 
real reformer of northern cartography was Anders Buré 
(Bureeus, 1571-1646 , who surveyed the several parts of the 
country. His maps were afterwards published in the atlas 
of the brothers Blacu between 1650 and 1660, 

The first new map of Spain and the first of Portugal both 
appeared in the same year, 1560, the former being due to 
Pedro de Medina, the latter to Fernando Alvarez Secco, 

During all this period there prevailed a remarkable 
variety in the determination of the first meridian. Whilst 
the Spaniards and Portuguese reckoned from the line of de- 
marcation (370 leagues west of the Cape Verds) sanctioned 
by the pope, the Protestant Dutch, Germans, and English at 
first went back to Ptolemy, who began at the Canaries. 
Mercator, on his globe of the year 1541, chose the island 
Forteventura in the Canaries as his starting-point, but he 


approached the true indication of the magnetic needle. 
For the same reason Ortelius, the younger Mercator, Jan- 
sonius, and at first also William Blaeu fixed on the Isla 
de] Fuego in the Cape Verd group. Blaeu afterwards pro- 
posed the Peak of Teneriffe, and in this he was followed 
by all Dutchmen, In the year 1634 Richelieu consulted 
the astronomers Gassendi (1592-1655) and Morin (1583- 
1656), and in accordance with their decision Louis XIII, 
commanded, under penalty, that ull French ships should 
calculate their longitudes from the meridian of Ferro, 
though it was not till the close of the 17th century that a 
French expedition determined with accuracy the relation 
of the position of Ferro to that of the observatory of Paris. 
It was in this way that the erro meridian obtained almost 
universal currency down to the 19th century. As in this 
period it was still practically impossible to secure precise 
determinations of longitude, all cartographic representa- 
tions were naturally subject to considerable distortions, 
especially in countries outside of Europe, 


9, Period of Transition. —A series of important dis- 
coveries and inventions in mathematies, physies, and 
astronomy having provided the means of making much 
more accurate observations and calculations, there fol- 
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lowed as a matter of course a substantial improvement | published by 1833. Hanover, however, followed suit 


in cartography. Of chief moment were the invention 


of the telescope (1606), Galileo’s discovery of Jupiter's | 


moons (1610) and Cassini's calculation of their periods | 


of rotation, so important for determinations of longi- 
tude (1666) the first application of trigonometry to 
eee by Snellius (1615), Picard’s measurement of’ a 

egree between Paris and Amiens (1669 and 1670), 
the French measurement of a degree between Dunkirk 
and Perpignan by Cassini and Lahire (1683-1718), 
Hadley’s mirror-sextant (1731; according to Newton's 
idea, 1699), the improvements made on the Innar 
tables by Tobias Mayer (1753), and John Harrison’s 
chronometer (1761). In this way there set in a period 
of transition in cartography which lasted till some- 
where about’ 1750; the results of new investigations 
and measurements were gradually turned to account, 
but, while here and there traditional blunders were 
corrected and expunged, nothing essentially new was 
as yet created. 

To this epoch in Germany belong Johann Baptist Homann, 
(1664-1724), whose elegantly engraved maps, published in 
Nuremberg, continued to have a wide sale after his death, 
Johann Matthias Hase in Nuremberg (0b. 1743), and the 
famous Tobias Mayer (1723-86), who published in Nurem- 
berg a critical map of Germany. In France eminence was 
obtained by Nicolas Sanson (1600-67) of Abbeville, who 
from 1627 worked at Paris as royal geographer, and issued 
more than three hundred maps; and the reputation of the 
house was maintained by his sons Nicolas, Adrien, and 
Guill. Sanson, who worked along with Hubert Jaillot (1681- 
1717), Pierre du Val (1619-83), and Jean Baptiste Nolin 
(1692) at the French book of charts, Neptune frangois, 1693, 
in which for the first time the new astronomical determi- 
nations were turned to account. Greater critical acumen 
wasshown by the royal geographer Guill. de l’Isle (1675- 
1726), and especially by the talented Jean Baptiste Bour- 
gignon d’Anyille (1697-1782) and his younger contemporary 
Philippe Buache (1700-1773). In this period France was 
facile princeps in cartographic achievements, and led the 
way to the next and latest epoch. In England Dowet’s 
Atlas was published at the cost of the duke of Argyll, and 
in the same year Aaron Arrowsmith was born (0). 1528), A 
beginning of geodetic labor was at this time made in Sweden 
under Charles XI.,—the proceedings being carried on first 
under the Baron Karl Griepenhielm (0), 1684) and after- 
wards under Count Dahlberg. For political reasons, how- 
ever, the king did not allow the publication of the map of 
Sweden; but, the French ambassador D’Avaux having in 
1704 got possession of copies, it was engraved at Paris by 
De ViIsle. In Italy P. Vincent Coronelli (0b, 1718) deserves 
to be mentioned, 

10. The Period of Triangulations and Geodetic 
Surveys.—Up to this point the whole art of map- 
making had been at | as a matter of private specu- 
lation. It was France that gave the first example of 
carrying out the cartographic survey of the country 
at Se cost of the state. Such surveys had a double 
object, one military, to provide the army with satis- 
factory maps, and the other administrative, to furnish 
a astre for the land tax. The military interest 
predominated ; consequently the surveys have in almost 
all countries been carried out by officers of the general 
staff, and the maps are briefly designated as general 
staff or ordnance maps. or such a survey the whole 
country is covered with a network of triangles, and, 
in order to secure the most trustworthy basis for the 
representation, numerous points are astronomically 
fixed. In comparison with those of earlier date the 
maps thus produced are distinguished by correctness 
of Netail i the century between 1750 and 1850 at- 

tention was mainly directed to the accurate rendering 
of the horizontal development of the face of the 
country; but during the last thirty years the vertical 
configuration has also been faithfully represented on 
topographical maps of large scale by the introduction 
Oo eedenr lines. The first example of this also was 
given | 
it was determined to publish a new map of France with 
curves of altitude. But owing to the great extent of 
the country, and the consequent difficulty and slowness 
_ of the undertaking, only four sheets of this kind were 
VoL. XV.—716 
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France, when at Laplace’s suggestion (1816) | 


in 1829, Baden in 1833, Hesse in 1840, and so on. 
Since the middle of last century nearly all the states of 
Kurope have been active in map-making; and _pro- 
longed effort has produced rich results. Surveying and 
mapping have been followed by the publication of 
topographic maps. The states of the |e penin- 
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Yoar. Country. Title of Map. Scale. é4 
4a 
1750 France, Carte Géometrique de la 
France, 1: 86,400} 134 
1766 Denmark, Maps of Denmark, published) Various. 19 
j by the Academyof Sciences, 
1780 Mecklenburg-|Chorograph, und Militair-| 1:33,900 9 
Strelitz. Karte. 
1788 Mecklenburg- 
Schwerin. id ff ” 6 16 
1855 England. 25-inch maps(400,400 shts.pub| 1: 2500) 8625 
1846, ‘ 6-inch maps. 1:10,560) 110 
1801 é 1-inch map (old series), 1: 63,360} 855 
1874) = l-inch map (new series). } 
1856 Scotland. 25-inch maps, 1; 2500)14315 
1847 a 6-inch maps. 1: 10,560) 2025 
1856 ‘ 1-inch maps. 1: 68,360) 131 
1871 Ireland, 25-inch maps(DublinCo,only) 1: 2500} 665 
1833} ne 6-Inch maps G 1: 10,560) 1908 
1853 a l-inch maps a 1: 68,360) 205 
1803 Prussia, Karte von Altpreussen, en-|1:150,000) 26 
thaltend Ostpreussen nebst 
Preuss, Lithauen und 
Westpreussen nebst dem 
Netze-district. 
1805 Salzburg. me des Herzogthums Salz-|1:144,000) 15 
ourg. 
1812 Bavaria. Topograph. Atlas yom K06-| 1:50,000) 112 
nigr, Bayern. 
1818 Austria. ett Erzherzogth. Oester-| 1:144,000) 81 
reich, 
1815 “ Kurte der geftirstetenGrafsch|1:144,000) 24 
Tyrol nebst Vorarlberg. 
1826 Norway. Official maps published since) 1 : 200,000 
1845 by the Government. 
1828 Parma, Carta topografica dei ducati] 1: 86,400 9 
Parma, Piacenza, e Guas- 
talla. 
1829 Wirtemberg. are yom Koénigr.Wiirttem-| 1:50,000| 57 
erg. 
1832 Hanover and a oper- Atlas des K@nigr.|1:100,000) 69 
Brunswick. Hannover und Herzogth. 
Braunschweig, 
1882 Hesse, Karte yom dem Grossherz.}| 1:50,000) 31 
Hessen, 
1883) France. ae topographique de. Ja} 1:80,000} 274 
‘rance, 
1833, Lombardy Carte topogr. del Regno} 1:86,400) 42 
and Venice.| Lombardo-Veneto, 
1887|8axony. Topogr. Atlas des Kénigr.| 1:57,600) 20 
Sachsen, 
1838) Baden, Topogr. Karte tiber das Gross-| 1:50,000| 56 
herz, Baden. 
1840) Hesse. Top gr. Karte yon dem Kur-| 1:50,000| 40 
firstenth, Hessen, 
1842) Modena. mere topogr. del ducato dij 1: 86,400 8 
SMOCeN EA, 
1842/Switzerland. |Topogr. Karte der Schweiz. |1:100,000| 25 
1844|Morayia and|Specialkarte d. Markgr. Miih-| 1: 144,000; 20 
Silesia. ren mit d, Antheilen des 
Hrzgth. Schlesien, 
1849| Bohemia, Specialkarte des Ké6nigr. 4 38 
Bohmen. 
1849| Belgium, Grande Carte topogr. de Bel-| 1: 20,000) 250 
gique par P, v, d. Maelen, 
1850|Sardinia, Carta degli stati di sua maes-| 1:60,000) 91 
ta Sarda, in terra firma, 
1850|Netherlands, |Topogr, en Milit. Kaart van} 1:50,000 62 
het Koningrijk der Neder- 
lande, 
1851)Tuscany and)Carta ponogr, dello stato Pon-| 1;86,400) 52 
Papal States,| tificio e del gran ducato di i 
Toscana, 
1852| Denmark, Topographisk Kart over Kon-| 1: 80,000] 81 
geriget Danmark met her- 
togt. Slesvig. 
1852| Prussia, E. Topogr. Karte vom éstliche]1:100,000| 249 
Theile der Monarehie, 
1852| Prussia, W. Topogr. Karte der Provinz| 1:80,000| 70 
estphalen und der 
Rheinprovinz, 
1852|Greece, Map of Greece (Paris, 1852), |1: 200,000) 20 
1854| Hungary. leet acm des Kénigr.| 1: 288,000}... 
ngarn. 
1854| Galicia, Generalkarte von Galizien|1:288,000| 83) 
und Lodomerien. 
1856|Oldenburg. |Topogr. Karte des Grossherz.| 1:50,000) 16 
Idenburg. oe 
1856, Portugal. Carta corografica dos reinos|1:100,000| 37 
de Portugal e Algarve, 
1857| Russia, aT, Topogr. Map of Rus-| 1: 126,000) 751 
sla, | 
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Year. Country. Title of Map. Scale. 63 
| 4a 
ra 
1860 Sweden, ot Corpsens Carta 6fver} 1: 100,000} 233 
| verige. 
1863 Saxony. Topogr. Karte vom K6nigr.}1:100,000} . 28 
| Sachsen. 
1867 Belgium. Carte topographique, 1: 40,000} 76 
; 1868 Sinai Penins. 1: 68,360 1 
1868 Ae 1:126,720 2 
1869 Norway. Topogr. Kart. over Kongeri-| 1:100,000) 216 
| get Norge. 
1869 Hungary. Specialkarte von Ungarn,}1:144,000) 198 
| Croatien, und Slavonien. 
1869 Switzerland. |Topographischer Atlas —|1: 50,000) 
| higher mountain regions. 546 
| Do. —hill regions. |1: 25,000 J 
1871 Portugal. Carta geogr. de Portugal pob-} 1 ; 500,000 1 
licada por ordera de sua 
Magestade. 
1874 Spain, Mapa topogr. de Espafia. 1:50,000} a. 
1875 Austria, Specialkarte der Oesterr.-un-| 1:75,000) 718 
| gar. Monarchie. 
1875 Saxony. Topogr. Karte yon Sachsen. | 1:25,000; 156 
1878 Germany. Karte des deutschen Reiches.} 1: 100,000) 674 
1878 Italy. Carta delle provincie meri-| 1: 50,0 230 
| dionali, 
1879! * Gran Carta  topografica} 1: 500,000 
| d'Italia. 
1879) Palestine. l-inch map. 1: 63,860} 26 
1825 United States.) Virginia (Hermann Boije), )5m1—1 in 9 
| South Carolina (Rob. Mills). /2ml—1 in 
1827 East Indies. |The pega Atlas (J. Hors-| 1: 266,000) 177 
| burgh). 
1834 Australia.! Map of the Colony of New] 1:540,000 8 
site Wales (T. L. Mitch- 
| ell). 
1838 United States.|Map of Alabama and West/6ml=1 in 
| Florida (John la Tourrette) 
1839 oe Map of Mississippi with a/6ml—1 in 
large portion of Louisiana 
and Alabama (La Tour- 
rette). 
1847 Caucasia. Map of the Caucasian Coun-| 1: 420,000! 25 
tries (General Staff). 
1851! Australia, Map of the Eastern Provin-|1:1,700, 6 
ces of Australia (J. Arrow- 
smith). 
1853 United States.|Reference Map of Louisiana 6ml—1 in 
(La Tourrette). 
1854 United States.) Map of Arkansas (Langtree).|8ml=1 in 
“India, Northwest Himalaya (sur-/4ml=lin| 15 
veyed 184854 by A. 8. 
Waugh). 
1856 United States. Aap ¢ Kentucky (Edmund|6ml=1 in 
r. Lee). 
1857 India. Kashmir (surveyed 1850-57)1ml=1 in 4 
by T. G. Moutgomerie), 
1858) United States.|Map of Texas (C.W. Pressler)|16m—=1 in 8 
“ |Palestine. Map of the Holy Land (Van/ 1: 315,000 
der Velde). 
1859! Australia. eounly Maps of New South}!1: 126,720 
ales. 
“ |United States.|Map of Georgia (J. R. Butts).}6ml—1 in 
1860 Oy Map of Missouri (Fiela). 6ml1=1 in 
1863)|South Africa, |Natal (Capt. Grantham). 1 : 250,000 
1865; United States./Territory of the U. 8. from)}1:3,000,000' 4 
the Mississippi River to the 
Pacific Ocean (Edward 
Freyhold). 
1866 $f U. S. Northwest Boundary]1:1,060,000 2 
Survey. 
if iM Map of parts of California,| 1; 760,320 at 
Nevada, and Idaho Terri- 
tory. " 
cs G3 Post Route wee of the States} Various. 36 
(W. L. Nicholson). Ices 
1867|Siberia. General Map of Transbaikal| 1: 840,000 10 
Country. 
1867|Java. Residency Maps. 1: 100,000 
1869) Caucasia. ep of the Caucasian coun-| 1: 420,000 22 
ries. 
1870|Siberia. Special Map of West Siberia.| 1: 420,000 125 
1871| Australia, Plan of the southern portion] 1:550,000. 10 
of the province of South 
Australia. 
1872)Turkestan. Military Map of Turkestan. |1:1,168,000° 4 
1873) Chili. Plano topografico y_ geologi-|1: 250,000 18 
co de la Republ. de Chile 
‘ (A. Pissis), 
“- |United States. Atlas of the United States to} 1;506,880 95 
the W. of 100° W. longitude 
(Wheeler). 
1874 “ Map of Central California. | 1:380,160 2 
1876| Algeria. Carte ag ya (Dépét de la} 1: 800,000 4 
guerre). 
1877\Turkestan. Map of Turkestan, Military|1:168,000! 12 
| District. 
1878) Australia. Western Australia, Northern! 1; 770,000, 1 
| District (J. Forrest). 
1879,South Africa, Eastern portion of South Af-/8.6m=lin 
rica (Capt. C. E. Groyer), 
“ lAlgeria. Carte de la province 1: 200,000 2 
| ad Alger. 1: 800,000; O 
1881| Australia, Map of Queensland (Bailey | 
I ' and Lawson). 1;1,000,000 6 


sula alone lag behind ; there no comprehensive survey 
has been undertaken at public expense. As a sum- 
mary of these great achievements in the larger part of 
Europe, we append a chronological! table of the most 
important surveys, with the date of the publication of 
the first sheet, the name of the country, the title of 
the map, the scale, and the number of sheets. Out- 
side of Kurope there are but few countries in which a 
survey based on exact triangulation has been carried 
out. The largest areas thus measured are the United . 
States of North America and British India, where 
great activity has been shown; and to these may be 
added Asiatic Russia, portions of Australia, portions 
of the Dutch possessions in the Hast Indies, and Al 
geria. In the whole of South America there is only 
one country, Chili, of which we possess a map based 
upon a careful survey. In the second portion of the 
table consequently some maps are included which are 
merely the work of private cartographers, and the list 
must be regarded as tentative. (S. R.) 
MAP, Mapss, or Mapus, WALTER, an ecclesiasti- 
cal statesman and renowned wit of the 12th century, 
must be ranked among the greatest of English writers, 
though French was the language that he used, and his 
personal fame has long been lost in the splendor of his 
creations. He was the cosmogonist and one of the 
principal creators of the Round Table legends, which 
supplied the ideal of chivalrous life to so many succeed- 
ing centuries. Most of the facts that are known about 
his position in the world have been gathered from a 
gossipy anecdotical work of his in Latin, De Nugis 
OCurialium. He was probably a native of Hereford- 
shire or Gloucestershire. He tells us that his parents 
rendered services to Henry II. both before and after 
his accession. He was acquainted with the household 
of Thomas Becket before this famous ecclesiastie be- 
came archbishop of Canterbury, which was in 1162. 
He studied in the university of Paris, attending the 
lectures of Girard la Pucelle, who began lecturing in 
1160. Map seems to have risen rapidly in favor at the 
court of Henry II., combining ecclesiastical with civil 
and political functions. In 1173 he was an itinerant 
justice at the assize of Gloucester, and in the same 
year was with the court at Limoges, where the duty 
fell to him of entertaining the archbishop of T'arentaise, 
about whom he tells some marvellous stories. He was 
sent on a diplomatic mission to Louis le Jeune, king 
of France, and sat as a delegate ina council called by 
Pope Alexander III. (probably 1179), enjoying such 
repute that he was deputed to argue with the Walden- 
ses. He accompanied Henry II. on all his progresses, 
and in return for his services received several ecclesi- 
astical preferments. Apparently he maintained his 
position at court under Richard and John. In 
1196 he was appointed archdeacon of Oxford and 
in 1207-8 the custodes of the abbey of Hynsham 
were ordered to pay him his accustomed rent of 
five marks per annum. In the 12th century 
the abuses of the church were assailed with great 
freedom and abundance of humorous wit in rhymed 
Latin verse, and a century or two later rubrics appear 
in the MSS., of these satirical poems ascribing them 
to Walter Map. ‘‘Golias Episcopus”’ is the nominal 
author and hero of a great many of these effusions ; 
that is to say they represent the sayings and doings of 
Golias, the revelation made to him, the confession 
made by him, his creed, his reasons for not marrying, 
and so forth. The fact that Map’s friend Giraldus 
Cambrensis denounces Golias as a foul-mouthed scofter 
is rather against Map’s alleged authorship, and they 
have probably been attributed to him in consequence 
of his great reputation as a wit, and a tradition that 
he had such a habe of the White Monks that he ex- 
empted them from his oath as king’s deputy to render 
even justice to all men. If these coarse and witty 
poems were really Map’s, they are a proof of astonishing 
1 For conyenience of comparison the different series for the 


British Isles are grouped together in the table in the place of the 
earliest date, 
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versatility, for they offer as great a contrast as possible 
to the high imaginative qualities, gracious tenderness, 
pure and lofty idealism, of his contributions to the 
Round Table legends. This is not the place for an 
exposition of the origin of these legends, but the 
Quest du Saint Graal was undoubtedly written by Map, 
being assigned to him in the earliest MSS. M. Paulin 
Paris ascribes to him also, upon grounds which com- 
mend themselves as being at least highly probable, the 
Saint Graal, and the noble prologue and the concluding 
parts of Lancelot du Lac. The effect of these con- 
tributions to the cycle was to completely transform its 
character, making out of it a lofty spiritual allegory, 
and forcing the paganism of the earlier legends into the 
service of the morality of the church. With such 
consummate skill did Map insinuate his story of the 
Graal into the cycle that the separate legends of Lan- 
celot, Gawain, Percival, and Tristan seem to grow out 
of it; the whole luxuriant and irregular growth acquires 
a unity from its connection with this root and stem. 
This reorganizing achievement alone, apart from the 
high romantic value of Map’s independent additions, 
entitles him to a high place in literature. 


The De Nugis Curialium and the Latin poems commonly 
attributed to Walter Mapes were edited by Mr. Thomas 
Wright for the Camden Society ; and Quest de Saint Graal, 
by Mr. Furnivall, for the Roxburghe Club. 


MAPLE. Maples and the sycamore are species of 

Acer, suborder Acerinece, order Sapindacee. The 
enus includes about fifty species, natives of Hurope, 

orth America, North Asia, especially the Himalayas 
and Japan (Benth. and Hook., Gen. Pl., i. 409). 
Maples are for the most part trees with palmately- 
lobed leaves. he flowers are in corymbs or racemes,— 
the lowermost mostly male, the terminal bisexual. 
The fruit is a two-winged ‘‘ samara.”’ 

The earliest known maples occur in the Miocene 
strata of Oeningen, where nineteen species have been 
discovered,—a greater number than occurs in any one 
district at the present day (Lyell’s El. of Geol., 6th 
ed., p. 250). <A typical species appears to have been 
Acer trilobatum, Heer (Florin Tert. Helv., pl. 114). 
This had many marked varieties, of which leaves, 
flowers, and fruit have all been discovered. The foliage 
was even attacked by a fungus, Rhytisma induratum, 
Heer, just as the sycamore is now by R. acertnuin, 
which forms black spots on the leaves. 

The common maple, A. campestre, Ii., is the only 
species indigenous to Great Britain. This and the 
sycamore were described by Gerard in 1597 ( Herbal, p. 
1299), the latter being ‘‘a stranger to England.”’ Many 
species have been. introduced, especially from Japan, 
for ornamental purposes. The following are more 
especially worthy of notice. 


European Species.—Acer campestre, L., the common maple, 
is common in hedgerows, but not often seen as a tree (see, 
however, Loudon, Arboretum, vol. i. p. 480). Loudon gives 
four yarieties,—the downy-fruited, the variegated, the hill- 
inhabiting, and the Austrian. It occurs in Northern Europe, 
the Caucasus, and Northern Asia. ‘The wood is excellent 
fuel, and makes the best charcoal. It is compact, of a fine 
grain, sometimes beautifully veined, and takes a high 
polish. Hence it has been celebrated from antiquity for 
tables, etc. The wood of the roots is frequently knotted, 
and valuable for small objects of cabinet work. The young 
shoots, being flexible and tough, are employed in France 
as whips. A. pseudo-Platanus, L., the sycamore, or great 
maple, is a handsome tree of quick growth, with a smooth 
bark, The leaves are large, with finely acute and serrated 
lobes, affording abundant shade. Its longevity is from one 
hundred and forty to two hundred years. It is found in 
various parts of Europe in wooded mountainous situations. 
The wood when young is white, but old heart-wood is yellow 
or brownish. Like the common maple it is hard and takes 
a high polish. It is much prized by wheelwrights, cabi- 
netmakers, sculptors, etc., on the Continent, while knotted 
roots are used for inlaying. Sugar has been obtained from 
the sap of this as from other species, the most being one 
ounce from a quart of sap. The latter has also been made 

into wine in the Highlands of Scotland. There are many 
varieties, the variegated and cut-leayed being the most 
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noticeable (see Gard. Chron., 1881, p. 229). For remarkable 
variations in the number of cotyledons, arising from fusion, 
see a paper by the late Prof. J.S. Hensiow in Maa. Nat. Hist., 
vol. y. p. 346. A. Platanoides, L., the Norway maple (Loudon, 
l.¢., p. 408; Guard. Chron., 1881, p. 564), is met with from 
Norway to Itwly, Greece, Central and South Russia. It was 
introduced into Britain in 1683. It is a lofty tree (from 40 
to 70 feet), resembling the sycamore, but with yellow 
flowers, and more spreading wings to the fruit. There are 
several varieties. The wood is used for the same purposes 
as that of the sycamore. Sugar has been made from the 
sap in Norway and Sweden. The leaves of this species, in 
common with those of the sycamore especially, and perhaps 
all others, are liable to produce honeydew, which appears 
to be extravasated cell-sap. The present writer suggests 
that the starch formed in the leaves may be rapidly con- 
verted into sugar, which is then condensed on the surface 
of the leaf under excessive transpiration. 

Asiatic Species—Thirteen species are described by Hiern, 
chiefly in the temperate Himalayas (Flor. of Brit. India, p. 
692; see also Brandis, For. Fl., 110). The wood of some 
species is used, as that of A. levigatwm, Wall, for building; 
that of A. cesiwm, Wall., being soft, inferior drinking-cups 
are made of it; while that of A. pictum, Thunb., is white, 
light, and fine-grained. 

Japanese Species.—Species, and many varieties, especially 
of A. palmatum, Thunb., generally known as polymorphum, 
with variously laciniated and more or less colored foliage, 
have lately been introduced as ornamental shrubs. The 
original species was introduced in 1832. The branches and 
corolla are purple, the fruit woolly. The foliage of the 
typical form is bright green with very pointed lobes. It 
occurs in the central mountains of Nippon and near 
Nagasaki. Beautiful varieties have been introduced under 
the names A. P. ampelopsifolium, atropurpureum, dissectum, 
etc. They are remarkable for the coppery purple tint that 
pervades the leaves and young growths of some of the 
varieties (for figs., see Catalogue of Hardy Trees, etc., by 
Messrs. Veitch). Of other Japanese species, A. rufinerve, 
Sieb. and Zuee., with the habit of the sycamore, from 
Nippon; A. distylwm, Sieb. and Zucc., bearing leaves with- 
out lobes; A. diabolicum, Bl., with large plane-like leaves, 
from Nippon; and A. carpinifoliwm, Sieb. and Zuce., with 
foliage resembling that of the hornbeams, are especially 
worthy of note. 

North American Species.—A. saccharinum, L., the sugar, 
rock, or bird’s-eye maple, was introduced in 1735. It some- 
times attains to 70 or even over 100 feet, more commonly 
50 to 60 feet. It is remarkable for the whiteness of the 
bark. The wood is white, but acquires a rosy tinge after 
exposure to light. The grain is fine and close, and when 
polished has a silky lustre. The timber is used instead of 
oak where the latter is scarce, and is employed for axle- 
trees and spokes, as well as for Windsor chairs, etc. It 
exhibits two accidental forms in the arrangement of the 
fibres, an undulated one like those of the curled maple 
(A. rubrum), and one of spots, which gives the name bird’s-eye 
to the wood of this species. Like the curled maple, it is 
used for inlaying mahogany. It is much prized for bed- 
steads, writing desks, shoe lasts, etc. The wood forms ex- 
cellent fuel and charcoal, while the ashes are rich in 
alkaline principles, furnishing a large proportion of the 
potash exported from Boston and New York. Sugar is 
principally extracted from this species, the sap being 
boiled and the syrup when reduced to a proper consistence 
run into moulds to form cakes. Trees growing in low and 
moist situations afford the most sap but least sugar. A cold 
northwest wind, with frosty nights and sunny days in 
alternation, tends to incite the flow, which is more abundant 
during the day than the night. A thawing night is said to 
promote the flow, and it ceases during a southwest wind 
and at the approach of a storm; and so sensitive are the 
trees to aspect and climatic variations that the flow of sap 
on the south and east side has been noticed to be earlier 
than on the north and west side of the same tree. The 
average quantity of sap per tree is from 12 to 24 gallons in 
a season. For full details of the preparation, etc., see 
Loudon, J. ¢., p. 413; and Gard. Chron., 1878, p. 137.* 

A, rubrum, L., the red-flowering or scarlet maple, is a 
middle-sized tree, and was introduced in 1656. It is the 
first tree to blossom in spring in North America. The 
wood, like that of other species, is applicable to many pur- 
poses, as for the seats of Windsor chairs, turnery, etc. The 
grain in very old trees is sometimes undulated, which sug- 
gested the name of curled maple, and gives beautiful effects 
of light and shade on polished surfaces. The most constant 
use of curled maple is for the stocks of fowling pieces and 
rifles, as it affords toughness and strength combined with 
lightness and elegance. The inner bark is dusky red. 
On boiling, it yields a purple color which with sulphate of 
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iron affords a black dye. The wood is inferior to that of 
the preceding species in strength and as fuel. Sugar was 
made from the sap by the French Canadians, but the pro- 
duction is only half as great as that from the sugar maple 
(Michaux). In Britain it is cultivated as an ornamental 
tree, as being conspicuous for its flowers in spring, and for 
its red fruit and foliage in autumn. <A. macrophyllum, 
Pursch, furnishes material for hats, baskets, mats, etc.. 
from its inner bark, and the sapgives sugar. A. circinatwmn, 
Pursch, of California, has a fine, white, tough wood, which 
takes a good polish. 

For description of other species of North America, see Gard. 
Chron., 1881, index, s. v. “ Acer”; Sargent's Cat. of For. Trees of 
NY. Amer., Loudon, J. c., p. 405 sq. ; Gray’s Manual of Bot., p. 84. 

(G. HL.) 

MAR, Eartpom or. Mar, one of the ancient divi- 
sions or provinces of Scotland, comprised the larger 
portion of Aberdeenshire, extending from north of 
the Don southwards to the Mounth. It isremarkable 
for its association with the oldest historical dignity of 
Scotland, or perhaps of any country, which has been 
perpetuated to our own time. Donald MacKnun Mac 
Cainech, mormaer (hereditary ruler or steward) ot 
Mar, fought, according to nearly contemporary testi- 
mony, at the battle of Clontarf in Ireland in 1014. 
Under Anglo-Saxon influences mormaers or great 
stewards became earls; and Ruadri, mormaer of Mar, 
whose name appears in the Book of Deer, is designated 

‘Rothri comes’ in a charter of Alexander I. of 1114 
or 1115. His representative in the latter part of the 
12th century was Gratney, earl of Mar, who married 
Christian Bruce, sister of King Robert, a lady famed 
for her defence of the chief stronghold of the earldom, 
Kildrummy Castle, against David of Strathbogie, earl 
of Athole, then (1335) in alliance with the English. 
Their son, Earl Donald, in his youth a captive in Eng- 
land, was restored to his country after Bannockburn. 
On the landing of Edward Balliol in 1332, and death 
of Thomas Randolph, earl of Moray, he was invested 
with the regency, and the troops hastily assembled 
by him to meet the invader suffered a disastrous defeat 
at Dupplin, the earl of Mar being himself among the 
slain. Karl Thomas, the regent’s son, dying without 
issue in 1377, his successor was his sister Margaret, 
countess of Douglas by marriage. From her the earl- 
dom of Mar passed to her daughter, Isahel Douglas, 
countess of Mar, whose second marriage forms a notable 
episode in Scottish history. Alexander Stewart, natural 
son of Alexander, earl of Buchan, and, according to 
common belief, the instigator of a murderous attack on 
that lady’s first husband, stormed the widowed coun- 
tess of Mar in Kildrummy Castle in 1404, compelled 
her to marry him, and extorted from her a ‘charter 
which, had the king been prevailed on to confirm it, 
would have made over the earldom to him and his 
heirs, in exclusion of the heirsof his wife. But, weak 
as was the law north of the Mounth in the reign of 
Robert III., this outrage was too flagrant to be con- 
doned. The indispensable confirmation was refused 
by the king; but a compromise was effected, by which 
Isabel voluntarily accepted Stewart as her husband, 
and, by a charter which Robert duly confirmed, gave 
him a right to the earldom for life, with remainder, 
however, to her own heirs. qe earl of Mar, the 
quondam leader of freebooters became a supporter of 
law and order ; and in 1411, when Donald, lord of the 
Isles, was leading his marauding host southwards, it 
was under Alexander, earl of Mar, that the lowland 
gentry and the burghers of Aberdeen mustered to op- 
pose his advances. The sanguinary battle of Harlaw 
arrested the progress of the Highlanders, and left Mar 
master of the field. 

Harl Alexander died in 1435, when the: right to the 
earldom passed to Isabel’s nearest heir, Robert Lord 
Exskine (descended from a daughter of Earl Gratney), 
who established his right by retour in 1438, and be- 
came earl of Mar. The crown, however, had. seized 
on the valuable territories of the earldom, of which he 
could only obtain partial possession; and James II. 
and his advisers, after temporizing for a length of 
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time, in 1457 reduced Earl Robert’s retour by a collu- 
sive ‘‘ service negative,’”’ based on the plea that, either 
by the bastardy of Alexander or in virtue of a resigna- 
tion by him to James I., the earldom had lapsed to 
the crown, two ex fucte worthless pretexts, inasmuch 
as Alexander had only been a liferenter, The wrongful 
possession of the crown lasted more than a century, in 
the course of which time the earldom was twice tempo- 
rarily in possession of younger members of the royal 
house, and portions of it were given away to favorites ; 
while its lawful owners, the Krskines, continued loyally 
to serve the sovereigns who had usurped their inheri- 
tance. : 
At length, on 23d May, 1565, Queen Mary, made 
aware of the wrongs inflicted by her predecessors, and 
‘moved by conscience’ to make the fullest reparation, 
granted to John Lord Erskine a charter restoring the 
earldom of which he and his ancestors had been unjustly 
deprived. The earl of Mar, thus replaced in his rights, 
was regent of Scotland during the last two years of his 
life; and his son, who succeeded him in 1572, and was 
treasurer to James VI., recovered by process of law 
those portions of his inheritance which had been alien- 
ated by the crown during the period of illegal posses- - 
sion. In the next two generations the attachment of 
the family to the Stewarts brought with it fines and 
impaired fortunes. John, earl of Mar, fourth in de- 
scent from the treasurer, headed the rebellion of 1715, 
and suffered attainder, but escaped abroad and survived 
till 1732. His daughter Lady Frances (who married 
an Erskine, the younger son of her uncle, Lord Grange) 
would, but for the attainder, have inherited his le 
and what remained of the lands was preserved to her 
by arrangement with the commissioners of forfeited 
estates. In 1824 her son, John Francis Erskine of 
Mar, was, as ‘‘ grandson and lineal heir’’-of the at- 
tainted earl, restored by Act of Parliament from the 
effects of the forfeiture. 

At the death in 1866 of John Francis Miller Erskine, earl 
of Mar, grandson of the restored earl, there seemed no room 
for doubt that the earldom devolved, in accordance with 
the rule of succession which it had always followed, on his 
sister’s son John Francis Erskine Goodeve, in preference to 
his cousin and heir male, the earl of Kellie. The latter, 
however, claimed, not indeed the ancient dignity, but a 
separate titular earldom, supposed to have been bestowed 
by Queen Mary, not by her charter above alluded, to, but 
by a lost and till then unheard-of patent a few weeks later 
in date, and with a different remainder, namely, to heirs 
male of the body. The resolution of the committee of 
privileges of the House of Lords in 1875, finding Lord 
Kellie entitled to the earldom thus claimed by him, has 
caused great surprise ; and Scotch lawyers generally, while 
disbelieving as a question of fact in this creation of 1565, 
seem also to hold in point of law that the resolution alluded 
to leaves untouched the right of the heir general to the an- 
cient historical honor. The same view has been expressed by 
way of protest by a large number of the Scottish peers, and 
enforced by the late earl of Crawford in his ably written 
posthumous work The Harldom of Mar in Sunshine and Shade. 


MARABOUT is a corruption of the Arabic Mordbit, 
a Moslem name for a hermit or a devotee. Primarily 
the word is derived from ribdét, a fortified frontier 
station. ‘To such stations pious men betook them to 
win religious merit in war against the infidel; their 
leisure was spent in devotion, and the habits of the 
convent superseded those of the camp (see De Slane 
in Jour. As., 1842, i. 168; Dozy, Suppl.,i. 502). Thus 
vibdt came to mean a religious house or hospice 
(zdwiya). The great sphere of the Marabouts is 
North Africa. There it was that the community 
formed by King Yahya and the doctor Abdalla de- 
veloped into the conquering empire of the Mordbits, 
or, as Christian writers call them, the ALMORAVIDES 
(q.v.), and there still, among the Berbers, the mara- 
bouts enjoy extraordinary influence, being esteemed as 
living saints and mediators. They are liberally sup- 
ported by alms, direct all popular assemblies, and have 
a decisive voice in intertribal quarrels and all matters 
of consequence. On their death their sanctity is trans- 
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ferred to their tombs, where chapels are erected and | 
gifts and prayers offered. The prominent part which 
the marabouts took in the resistance offered to the 
French by the Algerian Moslems is well known; and 
they haye been similarily active in recent politico-reli- 
gious movements in Tunis and Tripoli. 
MARACAIBO, a city and seaport of Venezuela, 

the capital of the state of Zulia (formerly Maracaibo), 
lies about 25 miles from the sea on the west bank of | 
Lake Maracaibo, the suburbs presenting, with their | 
cocoa-nut groves, a fine contrast to the background of | 
barren-looking hills sloping up from the shore to a 
height of about 200 feet. ‘The streets are laid out at | 
cight angles; the houses are poor structures of a crude 
concrete or rubble, strengthened by wooden beams; 
and even the public buildings—such as the churches, the 
government house, the court-house, and the theatre— 
owe their pretentious appearance to plaster and paint. 
The water of the lake being brackish, and the sinking 
of Artesian wells as yet in the experimental stage, 
Maracaibo is dependent on the raius for its drinking- 
water. The markets are well supplied with provisions 
(especially game), and the lower classes, with whom 
the plantain forms the staff of life, are able to subsist | 
in a state of comparative idleness. The prosperity of 
the place is due to the fact that it forms the outlet for 
the produce of a wide region; and if the bar at the 
mouth of the lake, preventing the entrance of vessels 
drawing more than 10 or 11 feet, were removed Mara- 
caibo would bid fair to become the chief mercantile 
centre of the north coast of South America. Coffee, 
not of prime quality, cocoa, and hides are the princi- 
out of the $4,188,617 
at which the whole exports were valued in 1880 being 
drawn from those items. Steamers ascend the Cata- 
tumbo as far as San Buenaventura and Villarnizar and 
the Hscalente to Santa Cruz, thus tapping the border 
provinces of both Venezuela and Colombia. Bricks 
and tiles, leather and admirable saddlery, cocoa-nut 
oil, sugar, rum, and chocolate are manufactured in the 
town. Though the Jesuit College, which formerly 
made Maracaibo one of the few real seats of learning in 
this part of the world, no longer exists, means of educa- 
tion are fairly abundant (a national college, a nautical 
school, etc.); and, although they devote themselves 
mainly to political agitation, the upper classes are not 
without culture. Maracaibo was founded by Alonso 
Pacheco in 1571. The population returned in 1873 as 
21,954, is estimated at 30,000 in 1881. 


See Engel, “Maracaibo,” in Zeit. d. Ges. Erdk., Berlin, 
1870; and U. 8. Consular Reports, 1882. 
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MARAGHA, a town of Persia, province Azerbijan, 
37° 20’ N., 46° 25’ E., 68 miles from Tabriz, 232 
northwest of Tehran, pleasantly situated in a long nar- 
row valley opening towards ake Urmiah, which lies 
10 miles to the northwest. The town consists mostly 
of mud houses inclosed by a high dilapidated wall, and 
containing no congpicuous buildings except a large 
bazaar and fine public bath. NaAsir-ed-din’s observa- 
tory formerly stood on a hill to the west, where there 
are some old tombs covered with Cufic inscriptions. 
The surrounding gardens and plantations are watered 
by canals from a small river crossed here by two good 
bridges built in 1809. At the village of Dash-Kesen, 


famous Maragha marble pits, occupying a space half 
a mile in circumference, and sunk to a depth of about 
12 feet. Here a multitude of springs charged with 
carbonic acid gas bubble up in all directions, precipita- 
ting large quantities of carbonate of lime. The marble 
in the semi-crystallized formation of this deposit 
forms horizontal layers, which when cut in thin slabs 
are nearly transparent, and serve as windows in the 
Tabriz baths and elsewhere. Larger blocks are also 
used as pavements in bazaars and palaces, and the 
famous throne in the Diwan Khana at Tehran is made 
of the same material. Maragha was formerly the 
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capital of Hvilakvi, grandson of Jenghis Khan, and its 
fifteen thousand inhabitants still belong mostly to the 
Mukadam 'lurki tribe. 

MARANHAO, or MARANHAM (Latinized as Murag- 
nanun), in full form Sao Luiz DE MARANHAO, the 
chief town of the province of Maranhao in Brazil, is 
situated in 2° 307 8. lat. and 44° 17’ W. long., on the 
west side of an island of the same name 28 miles long 
and 15 broad. Though built on so hilly a surface that 
carriages cannot be used, it is laid out with regularity, 
and has straight, wide, and clean-looking streets. The 
public institutions comprise a naval arsenal, a high 
court of appeal, a tribunal of commerce, a military 
hospital, several general hospitals, a theatre, a museum, 
a public library, and a botanic garden, as well as a 
cathedral and an episcopal palace, both built by the 
Jesuits. Maranhaio has some commercial importance, 
exporting cotton, sugar, hides, ete., from a wide region 
of the interior, and receiving manufactured goods from 
Europe, and especially from England. Though some- 
what difficult of access to large sailing vessels, the port 
affords good anchorage to all drawing less than 20 feet. 
Steamers ply to Rio de Janeiro and Para, as well as 
up the rivers Itapicuru, Guajahu, and Pindare; and 
direct steam communication is maintained with Lisbon 
and Liverpool. The population of the island Maranhao 
was 34,023 in 1872, about 30,000 belonging to the city. 

French colonists settled at St. Luiz in 1612, but they were 
expelled by Jeronimo d’Albuquerque in 1614, The Dutch 
were in possession from 1641 to 1653. The bishopric was 
created in 1676. The city was captured in 1823 by Lord 
Cochrane, who was afterwards created marquis of Maran- 
ham. 

MARAT, Jean Paut (1743-1793), a famous revo- 
lutionary leader, was the eldest child of Jean Paul 
Mara of Cagliari and Louise Cabrol of Geneva, and 
was born at Boudry, in the principality of Neuchatel, 
on May 24, 1743. His father was a doctor of some 
learning who had abandoned his country and his re- 
ligion and had married a Swiss Protestant. It was he 
that laid the basis of the young Jean Paul’s scientific 
learning, and the son at the same time imbibed the 
doctrines of Rousseau. On his mother’s death in 
1759 he set out on his travels, and spent two years at 
Bordeaux in the study of medicine, whence he moved 
to Paris, where he made use of his knowledge of his 
two favorite sciences, optics and electricity, to subdue 
an obstinate disease of the eyes. After some years in 
Paris he went to Holland, the retreat of philosophers, 
where all the works of the Encyclopédists were printed 
for the French market, and then on to London, where 
he settled in Church Street, Soho, a fashionable dis- 
trict, and practiced his profession. In 1773, at the age 
of thirty, he made his first appearance as an author 
with a Philosophical Essay on Man, being an Attempt 
to Lnwestigate the Principles and Laws of the Recip- 
rocal Influence of the Soul on the Body, of which only 
two volumes are extant, though at the end of the 
second volume he speaks of a third. The book shows 
a wonderful knowledge of English, French, German, 
Italian and Spanish philosophers, and directly attacks 
Helvetius, who had in his L’ Esprit declared a knowl- 
edge of science unnecessary for a philosopher. Marat, 
as he now began to call himself, declares that physiology 
alone can, solve the problems of the connection between 
soul and body, and proposes the existence of a nervous 
fluid as the true solution. In 1774 he published a 
political work, Vhe Chains of Slavery, which appeared 
without his name, and was intended to influence con- 
stituencies to return popular members, and reject the 
king’s friends, with innumerable examples from classi- 
cal and modern history of the ways in which kings 
enslaved their peoples. The book was too late to have 
any influence on the general election, and was got up 
in a style too costly for a wide circulation, but its author 
declared later that it procured him an honorary mem- 
bership of the patriotic societies of Carlisle, Berwick, 
and Newcastle. He remained deyoted to his profes- 
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sion, and in 1775 published in Hendon a little Essay on 
Gieets, price 1s. 6d., of which no copy is to be found, 
and in Amsterdam a Irench translation of the first two 
volumes of his Hssuy on Man. In this year, 1775, he 
visited Kdinburgh, and on the recommendation of cer- 
tain Edinburgh physicians, was, on June 30, made an 
M.D. of St. Andrews University. On his return to 
London he published an Enquiry into the Nature, 
Cause, and Cure of a Singular Disease of the Eyes, 
with a dedication to the Royal Society. In the same 
year there appeared the third volume of the French 
edition of the Hssay on Man, which reached Ferney, 
and exasperated Voltaire, by its onslaught on Helvetius, 
into a sharp attack, that only made the young author 
more conspicuous. His fame as a clever doctor was 
now great, and on June 24, 1777, the Comte d’ Artois, 
afterwards Charles X. of France, ‘towing to the re- 
port he had heard of the good and moral life, and of 
the knowledge and experience in the art of medicine, 
of J. P. Marat,’’ made him by brevet physician to his 
guards, with 2000 livres a year and allowances. 

Marat was soon in great request as a court doctor 
among the aristocracy; and even Brissot, in his Jé- 
moires, admits his influence in the scientific world of 
Paris. The next years were much occupied with 
scientific work, especially the study of heat, light, and 
electricity, on which he presented memoirs to the 
Académie des Sciences, but the Academicians were 
horrified at his temerity in differing from Newton, and, 
though acknowledging his industry, would not receive 
him among them. His experiments greatly interested 
Benjamin Franklin, who used to visit him; and Goethe 
always regarded his rejection by the Academy as a 
glaring instance of scientific despotism. In 1780 he 
had published at Neuchatel without his name a Plan 
de Législation Criminelle, founded on the humane 
principles established by Beccaria. In April, 1786, he 
resigned his court appointment. The results of his 


leisure were in 1787 a new translation of Newton's | 


Optics, and in 1788 his Mémoires Académiques, ou 
Nouvelles Découvertes sur la Lumiere. 

His scientific life was now over, his political life was 
to begin; in the notoriety of that political life his 
great scientific and philosophical knowledge was to be 
orgotten, the high position he had given up denied, 
and he himself to be scoffed at as an ignorant charlatan, 
who had sold quack medicines about the streets of 
Paris, and been glad to earn a few sous in the stables 
of the Comte d’ Artois. In 1788 the notables had met, 
and advised the assembling of the states-general. The 
elections were the cause of a flood of pamphlets, of 
which one, Offrunde & la Patrie, was by Marat, and, 
though now forgotten, dwelt on much the same points 
as the famous brochure of the Abbé Siéyés. When 
the states-general met, Marat’s interest was as great 
as ever, and in June, 1789, he published a supplement 
to his Offrande, followed in July by La Constitution, 
in which he embodies his idea of a constitution for 
France, and in September by his Tubleau des Vices de 
lu Constitution d’ Angleterre, which he presented to the 
assembly. The latter alone deserves remark. The 
assembly was at this time full of Anglomaniacs, who 
desired to establish in France a constitution exactly 
similar to that of England. Marat, who had lived in 
England, had geen that England was at this time being 
ruled by an oligarchy using the forms of liberty, which, 
while pretending to represent the country, was really 
being gradually mastered by the royal power. His 
heart was now all in politics; and, feeling that his 
energies needed a larger scope than occasional tracts 
afforded, he decided to starta paper. At first appeared 
a single number of the Moniteur patriote, followed on 
September 12 by the first number of the Publiciste 
parisien, which on September 16 took the title of 
LT’ Ami du Peuple, and was to absorb his future life. 


The life of Marat now becomes part of the history | 


of the French Revolution. From the beginning to the 
eud he stood alone. He was never attached to any 
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| party; the tone of his mind was to suspect whoever 


was in power; and therefore no historian has tried to 
defend him, and all state the facts about him with a 
strong coloring. About his paper, the incarnation of 
himself, the first thing to be said is that the man 
always meant what he said; no poverty, no misery or 
persecution, could keep him quiet; he was perpetually 
erying—‘‘ nous sommes trahis.”’ 

Further, the suspicious tone of his mind extended 
to his paper, and he made it play the part of the 
lion’s mouth at Venice; whoever suspected any one 
had only to denounce him to the Am du Peuple, and 
the denounced was never let alone till he was proved 
innocent or guilty. He began by attacking the most 
powerful bodies in Paris,—the corps municipal, with 
Bailly at their head, and the court of the Chatelet,— 
and after a struggle found them too strong for him, 
and fled to London (January, 1790). There he wrote 
his Denoneiation contre Necker, and in May dared to 
return to Paris and continue the Am du Peuple. He 
was embittered by persecution, and continued his 
vehement attacks against all in power—against Bailly, 
against La Fayette, and at last, after the day of the 
Champs du Mars, against the king himself. All this 
time he was hiding in cellars and sewers, where he 
was attacked by a horrible skin disease, tended only 
by the woman Simonne Evrard, who remained true to 
him. The end of the constituent assembly he heard 
of with joy, and with bright hopes (soon dashed by 
the behavior of the legislative) for the future, when 
almost despairing in December, 1791, he fled. once 
more to London, where he wrote his Meole du Citoyen. 
summoned again by the Cordeliers, he 
returned to Paris, and published No. 627 of the Ami. 
The war was now the question, and. Marat saw clearly 
enough that it was not sought for the sake of France 
that it was to serve the purposes of the royalists and 
the Girondins, who thought of themselves alone. The 
early days of the war being unsuccessful, the proclama- 
tion of the duke of Brunswick excited all hearts; who 
could go to save France on the frontiers and leave 
Paris in the hands of his enemies? Marat, like. 
Danton, foresaw the massacres of September. After 
the events of August 10th he took his seat at the 
commune, and demanded a tribunal to try the royalists 
in prison. No tribunal was formed, and the massacres 
in the prisons were the inevitable result. In the elec- 
tions to the convention, Marat was elected seventh out 
of the twenty-four deputies for Paris, and for the first 
time took his seat in an assembly of the nation. At 
the declaration of the republic, he closed his Amz du 
Peuple, and commenced a new paper, the Journal de 
la République Franguise, which was to contain his 
sentiments as its predecessor had done, and to be 
always on the watch. In the assembly Marat had no 
party; he would always suspect and oppose the power- 
ful, refuse power for himself. After the battle of 
Valmy, Dumouriez was the greatest man in France; 
he could almost have restored the monarchy, yet 
Marat did not fear to go uninvited to the tragedian 
Talma’s, and there accuse Dumouriez in the presence 
of his friends of want of patriotism. His unpopularity 
in the assembly was extreme, yet he insisted on speak- 
ing on the question of the king’s trial, declared it 
unfair to accuse Louis for anything anterior to his 
acceptance of the constitution, and, though implaca- 
ble towards the king, as the one man who must die for 
the people’s good, he would not allow Malesherbes, 
the king’s counsel, to be attacked in his paper, and 
speaks of him as a ‘“‘sage et respectable vieillard.”’ 
The king dead, the months from January to May were 
Spat in an unrelenting struggle between Marat and - 
the Girondins. Marat despised the ruling party 
because they had suffered nothing for the republic, 
because they talked too much of their feelings and 
their antique virtue, because they had for their own 
purposes plunged the country into war; while the 
Girondins hated Marat as representative of that rough 
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red republicanism which would not yield itself to a 
Roman republic, with themselves for tribunes, orators, 
and generals. The Girondins conquered at first in the 
convention, and ordered that Marat should be tried 
before the Tribunal Revolutionnaire. But their vic- 
tory ruined them, for Marat was acquitted on April 
24, and returned to the convention with the people at 
his back. Their fall was a veritable victory for Marat. 
But it was his last. The skin disease he had contracted 
in the subterranean haunts was rapidly closing his life ; 
he could only ease his pain by sitting in a warm bath, 
where he wrote his journal, and accused the Girondins, 
who were trying to raise France against Paris. Sitting 
thus on the 13th July he heard in the evening a young 
woman begging to be admitted to see him, saying that 
she brought news from Caen, where the escaped 
Girondins were trying to rouse Normandy. He ordered 
her to be admitted, asked her the names of the depu- 
ties then at Caen, and, after writing their names, said, 
“They shall be soon guillotined,’’ when the young 
girl, whose name was Charlotte Corday, stabbed him 
to the heart. Grand was the funeral given to the man 
who had suffered so much for the republic. Whatever 
his political ideas, two things shine clearly out of the 
mass of prejudice which has shrouded the name of 
Marat—that he was a man of great attainments and 
acknowledged position, who sacrificed fortune, health, 
life itself, to his convictions, and that he was no éte 

eroce, no factious demagogue, but a man, and a 

umane man too, who could: not keep his head cool in 
stirring times, who was rendered suspicious by constant 
persecution, and who has been regarded as a personifi- 
cation of murder, because he published every thought 
in his mind, while others only vented their anger and 
displayed their suspicions in spoken words. 

The only works of Marat not mentioned in the text are 
Les aventures du Comte Potowski, a poor novel, which must 
have been written in his early days, and which was dis- 
covered in MS. and published by Bibliophile Jacob; two 
brochures on a balloon accident, 1785; Les Charlatans 
Modernes, ow Lettres sur le Charlatanisme académique, 1791; 
Le Junius FPrangais, journal politique, June 2 to June 24, 
1790; translation of Chains of Slavery, with fifty pages on 
French history prefixed, year 1. 

On Marat’s life should be read L’ami du peuple, Skizzen aus 
Maral’s journalistichen Leben, Hamburg, 1846; A. Bougeart, 
Marat, Vami du peuple, 2 vols., 1864; G. Piazzoli, Marat, 
Vamico del Popolo ¢ la Rivoluzione, Milan, 1874; A. Vermorel, 
uovres de J. P. Marat, Vami du peuple, recueillies et annotées, 
1869; IF". Chevremont, Marat, Index du Bibliophile, etc., 1876 ; 
Id., Placards de Marat, 1877; and particularly his Jean Paul 
Marat, esprit politique, accompagné de sa vie scientifique, po- 
lutique, et privée, 2 vols., 1881. (H. M. 8S.) 

MARATHON was a plain on the northeast coast 
of Attica, containing four villages—Marathon, Proba- 
linthos, Tricorythos, and Oinoe, which formed a te- 
trapolis. It was divided from the plain of Athens by 
Mount Pentelicus and the hilly district of Diacria, 
and was in the early period an autonomous state. After 
it became incorporated in the Attic state, it retained 
something of its original distinctive character. The 
worship of Apollo had its first home in Attica here, 
and it was carried hence to Athens when the tetrapo- 
lis was made part of the Athenian commonwealth. 
The district was one of the chief seats of the worship 
of Hercules, and boasted that it was the first place 
where he had been worshipped as a god. Hence legend 
~ localized here several events in the story of the Hera- 
clidze, and especially the self-sacrifice of Macaria, 
daughter of Hercules. The legend of Theseus was 
also known in the district; here the hero slew the 
Marathonian bull. The plain derived its fame chiefly 
from the battle in which the Athenians and Plateeans 
under Miltiades defeated the Persians, 490 B.c. The 
one hundred and ninety-two Athenians that were 
slain were buried on the field of battle, contrary to the 
usual Attic custom, and a mound, which is still called 
Soro, was. erected over them. Another tumulus 
covered the bodies of the slain Plateeans and slaves, 
and a special monument was raised to Miltiades. 
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_ MARBLE is a term applied to any limestone which 
is sufficiently close in texture to admit of being polished. 
Many other ornamental stones—such as serpentine, 
alabaster, and even granite—are sometimes loosely 
designated as marbles, but by accurate writers the 
term is invariably restricted to those crystalline and 
compact varieties of carbonate of lime which, when 
polished, are applicable to purposes of decoration. 

he crystalline structure is typically shown in statuary 
marble. A fractured surface of this stone displays a 
multitude of sparkling facets, which are the rhombo- 
hedral cleayage-planes of the component grains. On 
placing a thin section of Carrara marble under the 
nicroscope, it is seen that each grain is an imperfect 
crystal, or erystalloid, of cale-spar, having an irregular 
boundary, and being itself made up of a number of 
crystalline plates twinned together (see fig. 5, article 
GEoLoey, vol. x. p. 206). It issaid that a somewhat 
similar polysynthetie structure may be artificially 
induced in cale-spar by means of pressure. As marble 
appears to be, in many cases, a metamorphic rock, it 
is probable that pressure and heat have been the prin- 
cipal natural agents concerned in the alteration of 
compact into crystalline limestones. It was shown many 
years ago by Sir James Hall that even an earthy lime- 
stone, like chalk, when strongly heated in a closed 
vessel, might assume a saccharoidal texture; and it is 
a fact familiar to the field-geologist that a crystalline 
structure is often locally developed in limestone where 
it happens to have been invaded by an eruptive rock. 
Prof. Geikie proposes to distinguish this kind of meta- 
morphism by the term marmarosis (Text-Book of 
Geology, 1882). 

Among statuary marbles the first place may be as- 
signed to the famous Pentelic marble, the material in 
which Phidias, Praxiteles, and other Greek sculptors 
executed their principal works. The characteristics of 
this stone are well seen in the Elgin marbles, which 
were removed from the Parthenon at Athens, and are 
now in the British Museum. ‘The marble was derived 
from the quarries of Mount Pentelicus in Attica. The 
neighboring mountain of Hymettus likewise yielded 
marbles, but these were neither so pure in color nor 
so fine in texture as those of Pentelicus. Parian mar- 
ble, another stone much used by Greek sculptors and 
architects, was quarried in the isle of Paros, chiefly at 
Mount Marpessa. It is called by ancient writers /ych- 
qutes, in allusion to the fact that the quarries were 
worked by the light of lamps. The Venus de’ Medici 
is a notable example of work in this material. Carrara 
marble is better known than any of the Greek marbles, 
inasmuch as it constitutes the stone invariably em- 
ployed by the best sculptors of the present day. This 
marble occurs abundantly in the Apuan Alps, an 
offshoot of the Apennines, and is largely worked in 
the neighborhood of Carrara, Massa, and Serravezza. 
Stone from this district was employed in Rome for 
architectural purposes in the time of Augustus, but 
the finer varieties, adapted to the needs of the sculptor, 
were not discovered until some time later. It is in 
Carrara marble that the finest works of Michelangelo 
and of Canova are executed. The purest varieties of 
this stone are of snow-white color and of fine saccha- 
roidal texture. Silica is disseminated through some 
of the marble, becoming a source of annoyance to the 
workman ; while occasionally it separates as beautifully 
pellucid crystals of quartz known as Carrara diamonds. 
The geological age of the marbles of the Apuan Alps 
has been a subject of much dispute, some geologists re- 
garding them as metamorphosed Triassic or even Lias- 
sic rocks, while others are disposed to refer them to 
the Carboniferous system. Much of the common mar- 
ble is of a bluish color, and therefore unfit for statuary 
purposes; when streaked with blue and grey veins, 
the stone is known as bardiglio. Curiously enough, 
the common white marble of Tuscany comes to Hng- 
land as Sicilian marble—a name probably due to its hav- 
ing been formerly re-shipped from some port in Sicily. 
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Although crystalline marbles. fit for statuary work 
are not found to any extent in Great Britain, the 
limestones of the Palaeozoic formations yet yield a 
great variety of marbles well suited for architectural 
purposes. The Devonian rocks of South Devon are 
rich in handsome marbles, presenting great. diversity 
of tint and pattern. Plymouth, Torquay, Ipplepen, 
Babbacombe, and Chudleigh may be named as the 
principal localities. Many of these limestones owe 
their beauty to the fossil corals which they contain, 
and are hence known as madrepore marbles. 

Of far greater importance than the marbles of the 
Devonian system are those of Carboniferous age. It 
is from the Carboniferous or Mountain Limestone that 
British marbles are mainly derived. Marbles of this 
age are worked in Derbyshire and Yorkshire, in the 
neighborhood of Bristol, in North Wales, in the Isle 
of Man, and in various parts of Ireland. One of the 
most beautiful of these stones is the encrinital marble, 
a material which owes its peculiarities to the presence 
of numerous encrinites, or stone-lilies. These fossils, 
when cut in various directions, give a characteristic 
pattern to the stone. The joints of the stems and 
arms are known from their shape as ‘‘ wheel-stones,’’ 
and the rock itself is sometimes known as entrochal 
marble. The most beautiful varieties are those in 
which the calcareous fossils appear as white markings 
on a ground of grey limestone. On the Continent a 
black marble with small sections of crinoid stems is 
known as petit granit, while in Derbyshire a similar 
rock, crowded with fragments of minute encrinites, is 
termed bird’s-eye marble, 

Perhaps the most generally useful marbles yielded 
by the Carboniferous system are the black varieties, 
which are largely employed for chimney-pieces, vases, 
and other ornamental objects. The color of most black 
limestone is due to the presence of bituminous matter, 
whence the mineralogical name anthraconite. Such 
limestone commonly emits a fetid odor when struck ; 
and the color, bemg of organic origin, is discharged on 
calcination. Black marbles, more or less dense in color, 
are quarried in various parts of Ireland, especially at 
Kilkenny and near Galway; but the finest kind is 
obtained from near Ashford in Derbyshire. From 
Ashford is also derived a very beautiful stone known 
as rosewood marble. ‘This is a dense brown laminated 
limestone, displaying when polished a handsome pat- 
tern somewhat resembling the grain of rosewood; it 
occurs in very limited quantity, and is used chiefly 
for inlaid work. 

With the rosewood marble may be compared the 
well known landscape marble or Cotham stone, an argil- 
laceous limestone with peculiar dendritic markings, due 
probably to the infiltration of water containing oxide 
of manganese. his limestone occurs in irregular mas- 
ses near the base of the White Lias, or uppermost di- 
vision of the Rheetic series. It is found principally in 
the neighborhood of Bristol. The arborescent forms 
depicted in bluish-grey upon this landscape marble 
form a marked contrast to the angular markings of 
warm brown color which are seen on slabs of ruin mar- 
ble from Florence—a stone occasionally known also as 
landscape stone, or pietra paesina. 

British limestones of Secondary and Tertiary age are 
not generally compact enough to be used as marbles, 
but some of the shelly beds are employed to a limited 
extent for decorative purposes. Ammonite marble is a 
dark brown limestone from the Lower Lias of Somer- 
setshire, crowded with ammonites, principally A. plani- 
costata. Under the name of Forest marble, geologists 
recognize a local division of the Lower Oolitic series, so 
named by W. Smith from Wychwood Forest in Oxford- 
shire, where shelly limestones occur; and these, though 
of little economic value, are capable of being used as 
rough marbles. But the most important marbles of the 
Secondary series are the shelly limestones of the Pur- 
beck formation.. Purbeck marble was a favorite mate- 
rial with medizeval architects, who used it freely for 
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slender clustered columns and for sepulchral monu- 
ments. It consists of a mass of the shells of a fresh- 
water snail, Paludina carinifera, embedded in a blue 
or grey limestone, and is found in the Upper Purbeck 
beds of Swanage in Dorsetshire. Excellent examples 
of its use may be seen in Westminster Abbey and in 
the Temple Church, as well as in the cathedrals of 
Salisbury, Winchester, Worcester, and Lincoln. Sussex 
marble is a very similar stone, occurring in thin beds in 
the Weald clay, and consisting largely of the shells of 
Paludina, principally P. sussexiensis and P. fluviorum. 
The altar stones and the episcopal chair in Canterbury 
cathedral are of this material. 

Mixtures of limestone and serpentine frequently form 
rocks which are sufficiently beautiful to be used as orna- 
mental stones, and are generally classed as marbles. 
Such serpentinous limestones are included by petrolo- 
gists under the term ophicalcite. The famous verde 
antico is a rock of this character. Mona marble is an 
ophicalcite from the metamorphic series of the Isle of 
Anglesey, while the ‘‘Irish green”’ of architects is a 
similar rock from Connemara in western Galway. It is 
notable that some of the ‘‘white marble’’ of Conne- 
mara has been found by Messrs. King and Rowney to 
consist almost wholly of malacolite, a silicate of calcium 
and magnesium. : 

A beautiful marble has been worked to a limited 
extent in the island of Tiree, one of the Hebrides, but 
the quarry appears to be now exhausted. ‘This Tiree 
marble is a limestone having a delicate carnelian color 
diffused through it in irregular patches, and containing 
rounded erystalloids of sahlite, a green augitic mineral 
resembling malacolite in composition. When dissolved 
in acid the marble leaves a brick-red powder, which 
has been studied by Dr. Heddle, who has also analyzed 
the sahlite. 

Many marbles which are prized for the variegated 
patterns they display owe these patterns to their forma- 
tion in concentric zones,—such marbles being in fact 
stalagmitic deposits of carbonate of lime, and probably 
consisting in many cases of aragonite. One of the most 
beautiful stalagmitic rocks is the so-called onyx marble 
of Algeria. This stone was largely used in the buildings 
of Carthage and Rome, but the quarries which yielded 
it were not known to modern sculptors until 1849, when 
M. Delamonte rediscovered the marble near Oued-Ab- 
dallah. The stone is a beautifully translucent material, 
delicately clouded with yellow and brown, and is greatly 
prized by French workmen. Large deposits of a very 
fine onyx-like marble, similar to the Algerian stone, 
have been worked of late years at Técali, about 35 miles 
from the city of Mexico. Among other stalagmitic 
marbles, mention may be made of the well-known 
Gibraltar stone, which is often worked into models of 
cannon and other ornamental objects. This stalagmite 
is much deeper in color and less translucent than the 
onyx marbles of Algeria and Mexico. A richly tinted 
stalagmitic stone worked in California is known as 
Californian marble. It is worth noting that the ‘‘ala- 
baster’’ of the ancients was stalagmitic carbonate of 
lime, and that this stone is therefore called by miner- 
alogists ‘‘ Oriental alabaster’’ in order to distinguish it 
from our modern ‘‘alabaster,’’ which is a sulphate, and 
not a carbonate, of lime. 

The brown and yellow colors which stalagmitie mar- 
bles usually present are due to the presence of oxide of 
iron. This coloring matter gives special characters to 
certain stones, such as the giallo antico, or antique 
yellow marble of the Italian antiquaries. Siena marble 
is a reddish mottled stone obtained from the neighbor- 
hood of Siena in Tuscany; and a somewhat similar 
stone is found in King’s County, Ireland. True red mar- 
ble is by no means common, but it does occur, of bright 
and uniform color, though in very small quantity, in 
the Carboniferous limestone of Derbyshire and north- 
east Staffordshire. It may be noted that the red marble 
called rosso antico is often confounded with the porfido 
rosso «ntico, which is really a red porphyritic felstone. 
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Fire marble is the name given to a brown shelly lime- 
stone containing ammonites and other fossil shells, 
which present a brilliant display of iridescent colors, 
like those of precious opal. It occurs in rocks of Liassic 
age at the lead-mines of Bleiberg in Carinthia, and is 
worked into snuff-boxes and other small objects. By 
mineralogists it is often termed /wmachella, an Italian 
name which may, however, be appropriately applied to 
any marble which contains small plies 

It would unnecessarily extend this article to enumer- 
ate the local names by which marble-workers in differ- 
ent countries distinguish the various stones which pass 
under their hands. The quarries of France, Belgium, 
and Italy, not to mention less important localities, yield 
a great diversity of marbles, and almost each stone bears 
a distinctive name, often of trivial meaning. 

America possesses some valuable deposits of marble, 
which in the eastern States have been extensively 
worked. he crystalline limestones of western New 
England furnish an abundance of white and gray mar- 
ble, while a beautiful material fit for statuary work has 
been quarried near Rutland in Vermont. A gray bird’s- 
eye marble is obtained from central New York, and the 
clipe clouded limestones of Thomaston in Maine have 

een extensively quarried. Of the variegated and 
colored marbles, perhaps the most beautiful are those 
from the northern part of Vermont, in the neighbor- 
hood of Lake Champlain. A fine brecciated marble is 
found on the Maryland side of the Potomac, below 
Point of Rocks. Among the principal localities for 
black marble may be mentioned Shoreham in Vermont 
and Glens Falls in New York. In Canada the erysta- 
line limestones of the Laurentian series yield beautiful 
marbles. 

Turning to India, we find important quarries at 
Makrana in Rajputana—a locality which is said to 
have yielded the marble for the famous Taj Mahal at 
Agra. In the valley of the Nerbudda, near Jabalpur, 
there is a large development of marble. The white 
marble which is used for the delicately-pierced screens 
called jalee work is obtained from near Raialo, in 
Ulwar. See Ball’s Economie Geology of India, 1882. 

For descriptions of ancient marbles see F. Corsi’s treatise 
Delle Pietre antiche ; and for marbles in general consult Pro- 


fessor Hull’s Building and Ornamental Stones, 1872. 
(F. W. B.*) 


MARBLEHEAD, a town and port of entry of the 
United States, in Essex county, Massachusetts, situ- 
ated on the coast, 17 miles by rail northeast of Boston, 
and 4 miles southeast of Salem, and communicates by 
two branch lines with the main line of the EKastern 
Railway. It is built on a rocky peninsula of about 
3700 acres in extent, which juts out into Massachusetts 
Bay, and has a deep, roomy, and nearly land-locked 
harbor. The fisheries in which Marblehead was once 
largely engaged have declined; but shoemaking has 
become an important industry, and the town is rising 
in favor as a summer resort. Many of the houses date 
from the ‘‘colonial’’ period, and one of the churches 
was built in 1714, but in the summer of 1877 nearly 
the whole business part of the town was burnt to the 
ground. The population was 7703 in 1870, and 7467 
in 1880. 

Marblehead was incorporated in 1649. Of the original 
settlers, a considerable number were from the Channel 
Islands, and their peculiarities of speech continued for a 
long time to affect the local dialect. As at that period the 
second town of Massachusetts in wealth and size, Marble- 
head sent one thousand men to the War of Independence, 
and its privateers rendered excellent service; but its trad- 
ing prosperity never recovered from the effects of the con- 
test. Elbridge Gerry, vice-president of the United States 
in 1812, was born at Marblehead ; and the towu is the scene 
of the grim revenge celebrated, with considerable poetical 
license, in Whittier’s Skipper Lreson’s Ride. 

MARBURG, an ancient university town of Prussia, 
in the province of Hesse-Nassau and district of Cassel, 
is very picturesquely situated on the slope of a hill on 
the right bank of the Lahn, 50 miles to the north of 
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Frankfort-on-the-Main, and about the same distance 
to the southwest of Cassel. On the opposite bank of 
the river, which is here spanned by two bridges, lie 
the suburb of Weidenhausen and the station of the 
Main-Weser Railway. The streets of the town proper 
are steep and narrow, and the general character of the 
architecture is quaint and medieval. The hill on which 
the town lies is crowned by the extensive old schloss 

a fine Gothic building, the most noteworthy parts of 

which are the rittersaal (see below), dating from 1277- 
1320, and the beautiful little chapel. This chateau 
was formerly the residence of the landgraves of Hesse, 
afterwards served as a prison, and is now the reposi- 
tory of the historically interesting and valuable ar- 
chives of Hesse. The chief architectural ornament 
of Marburg is, however, the Elisabethenkirche, a veri- 
table gem of the purest Harly Gothic style, erected by 
the grand master of the Teutonic Order in 1235-83, to 
contain the tomb of St. Elizabeth of Hungary. The 
remains of the saint were deposited in a rich silver-gilt 
sarcophagus, which is still extant, and were afterwards 
visited by myriads of pilgrims, until the Protestant zeal 
of Landgrave Philip the Generous caused him to re- 
move the body to some unknown spot in the church. 
The church also contains the tombs of numerous Hes- 
sian landgraves and knights of the Teutonic Order. 
The Lutheran church is another good Gothic edifice, 
dating mainly from the 15th century. The town- 
house, built in 1512, and several fine houses in the 
Renaissance style, also deserve mention. The uni- 
versity of Marburg, founded by Philip the Generous 
in 1527, was the first university established without 
papal privileges, and speedily acquired a great repu- 
tation throughout Protestant Kurope. It has a library 
of 140,000 volumes, and is admirably equipped with 
medical and other institutes, which form some of the 
finest modern buildings in the town. The number of 
students is now about seven hundred. Marburg also 
possesses a gymnasium, a ‘‘realschule,’’ an agricul- 
tural school, a society of naturalists, a hospital, a 
poorhouse, and an extensive lunatic asylum. It is the 
seat of a district court, and of superintendents of the 
Lutheran and Reformed churches. Marburg pottery 
is renowned; and leather, iron wares, and surgicai 
instruments are also manufactured there. The popu- 
lation in 1880 amounted to 11,225. The environs are 
very picturesque. 

Marburg is first historically mentioned in a document 
of the beginning of the 13th century, and received its mu- 
nicipal charter from Landgrave Louis of Thuringia in 1227. 
On his death it became the residence of his wife, Elizabeth 
of Hungary, who built a hospital there and died in 1231, at 
the age of twenty-four, worn out with works of religion 
and charity. She was canonized soon after her death. By 
1247 Marburg had already become the second town of Hesse, 
and in the 15th and 16th centuries it alternated with Cassel 
as the seat of the landgraves. In 1529 the famous con- 
ference between Luther and Zwingli on the subject of 
transubstantiation took place there in the rittersaal of the 
schloss. During the Thirty Years’ and Seven Years’ Wars 
Marburg suffered considerably from sieges and famine. In 
1806, and again in 1810, it was the centre of an abortive 
rising against the French, in consequence of which the 
fortifications of the castle were destroyed. 

Several monographs have been published on the conference 
and university of Marburg. <A general account of the town, with 
references to the most important of these, is given in Bicking's 
Weguweiser durch Marburg, 1875. ; 

MARBURG, the second town of the Austrian duchy 
of Styria, is very picturesquely situated on both banks 
of the river Drave, in a plain called the Pettauer-Feld, 
at the base of the well-wooded Bachergebirge. It is 
the seat of the bishop of Lavant, and of the judicial 
and administrative authorities of the district, and 
contains a gymnasium, a ‘‘realschule,’’ an episcopal 
seminary, a normal school, a pomological school, a 
theatre, and three hospitals. The principal buildings 
are the cathedral, the tower of which commands a 
beautiful view, and the old castle. Its situation in the 
midst of a fertile vine-growing district, connected by 
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the navigable Drave with Hungary, and by railway with 
Vienna, Trieste, the Tyrol, and Carinthia, makes it 
the centre of a considerable traffic in wine and grain. 
Its industrial products are leather, iron and tin wares, 
liqueurs, and sparkling wine, and it also contains seve- 
ral large cooperages. The extensive workshops of the 
South Austrian Railway are situated in the suburb of 
Magdalena, on the right bank of the Drave, and give 
employment to nearly three thousand hands. With 
the exception of a successful resistance to Matthias 
Corvinus in 1480-81, the history of the town presents 
no notable event. In 1880 Marburg contained 17,628 
inhabitants, including a garrison of 1600 men. The 
environs abound in interesting and picturesque points. 


See Puiff’s Handbook to Marburg, Gratz, 1847. 


MARCANTONIO, or, to give him his full name, 
MARCANTONIO RAIMONDI, is celebrated as the chief 
Italian master of the art of engraving in the age of the 
Renaissance. The date of his birth is uncertain, nor 
is there any good authority for assigning it, as is com- 
monly done, approximately to the year 1488. He was 
probably born some years at least earlier than this, in- 
asmuch as he is mentioned by a contemporary writer, 
Achillini, as being an artist of repute in 1504. His 
earliest dated plate, illustrating the story of Pyramus 
and Thisbe, belongs to the following year, 1505. 
Marcantonio received his training in the workshop 
of the famous goldsmith and painter of Bologna, 
Francesco Raibolini, usually called Francia. ‘‘ Hay- 
ing more aptitude in design,’’ says Vasari, ‘‘ than 
his master, and managing the graver with facility 
and grace, he made waist-buckles and many other 
things in niello, such being then greatly in fashion, 
and made them most beautifully, as being in truth 
most excellent in that craft.’? The real fame, how- 
ever, of Marcantonio was destined to be founded 
on his attainments, not in the goldsmith’s art gene- 
rally, but in that particular development of it which 
consists of engraving designs on metal plates for the 
purpose of reproduction by the printing press. ‘This 
art was not new in Italy in the days of Marcantonio’s 
apprenticeship. It had been practised, in a more or 
less elementary form, for not less than forty or fifty 
years in the workshops of both Tuscany and Lombardy. 
A school of engravers had formed itself at Florence 
under the inspiration, as it appears, chiefly of Sandro 
Botticelli; in Lombardy the prevailing influence upon 
the nascent art had been that of Andrea Mantegna. 
But hitherto neither the engravers of Florence nor 
those of the Lombard cities had produced anything 
comparable for richness of effect and technical accom- 
plishment to the work done during the same period on 
the other side of the Alps. The aim of the Italian 
engravers had not hitherto been directed, like that of 
Schongauer or Diirer, towards securing such freedom 
and precision in the use of the burin as should impart 
to the impressions taken from their engraved plates 
both a striking decorative effect and a power of sug- 
gesting to the eye a complex variety of natural objects 
and surfaces in light and shade. ‘The Italian masters 
had been satisfied with amuch more primitive order 
of effects. They had been content to omit all accesso- 
ries and details except the simplest. They had merely 
drawn with the needle, or dry-point, upon the copper, 
in just the same way as they were accustomed to draw 
on paper with the pen or silver point,—taking great 
pains to get the outlines true and pure, and indicating 
shadows only by means of straight lines rapidly drawn 
in, or very simple hatchings. 

By the beginning of the 16th century, however, 
when Marcantonio began to work at engraving along 
with the other pupils of Francia, a desire for a more 
complicated kind of effects was already arising among 
the followers of the art in Italy. Both backgrounds 
and passages of foreground detail were often imitated, 
inartifioially enough, from the works of the northern 
masters. Marcantonio himself was among the fore- 
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most in carrying out this movement. There exist 
about eighty engravings which can be referred to the 
first five or six years of his career (1505-11). Their 
subjects are very various, including many of pagan 
mythology, and some of obscure allegory, along with 
those of Christian devotion. ‘The types of figures and 
drapery, and the general character of the compositions, 
bespeak for the most part the inspiration, and some- 
times the direct authorship, of that artist, as graceful as 
he was grave, Francia. But the influence of German 
example is very perceptible also in the work of the 
young Mareantonio, particularly in the landscape back- 
grounds, and in the endeavor shown by him to express 
form by means of light and shadow with greater free- 
dom than had been hitherto the practice of the south- 
ern schools. In afew subjects also the figures them- 
selves correspond to a coarse Teutonic, instead of to 
the refined Italian, ideal. But so far we find Marcan- 
tonio only indirectly leaning on the north for the sake 
of self-improvement. It must haye been for the sake 
of commercial profit that he by and by produced a 
series of direct counterfeits of northern work. We 
allude to the celebrated facsimiles engraved by Mar- 
cantonio on copper from Albert Diirer’s woodcuts. 
These facsimiles are sixty-nine in number, ineluding 
seventeen of Diirer’s Life of the Virgin, thirty-seven 
of his Little Passion on wood, and a number of single 
pieces. According to Vasari, Diirer’s indignation over 
those counterfeits was the cause of his journey to Ven- 
ice, where he is said to have lodged a complaint against 
Marcantonio, and he induced the signoria to prohibit 
the counterfeiting of his monogram, at any rate, upon 
any future imitations of the kind. Vasari’s account 
must certainly be mistaken, inasmuch as Diirer’s jour- 
ney to Venice took place in 1506, and neither of the 
two series of woodcuts imitated by Marcantonio was 
published until 1511. The greater part of the designs 
for the Life of the Virgin had, it is true, been made 
and engraved seven years earlier than the date of their 
publication; and it is to be remarked that, whereas 
Marcantonio’s copies of the Little Passion leave out the 
monogram of Diirer, it is inserted in his copies of the 
Life of the Virgin ; whence it would after all seem 
possible that he had seen and counterfeited a set of 
impressions of this series at the time when they were 
originally executed, and before their publication. But 
the real nature of the transaction, if transaction there 
was, which took place between Diirer and Marcantonio, 
we cannot now hope to recover. HKnough that the 
Bolognese engraver evidently profited, both in money 
and in education of the hand, by his work in imitating 
in a finer material the energetic characters of these 
northern woodcuts. He was soon to come under a 
totally different influence, and to turn the experi- 
ence he had gained to account in interpreting the work 
of a master of a quite other stamp. Th till the 
year 1510 Marcantonio had lived entirely at_ Bologna, 
with the exception, it would appear, of a visit or visits 
to Venice. ery soon afterwards he was attracted for 
good and all into the circle which surrounded Raphael 
at Rome. Where or when he had first made Raphael’s 
acquaintance is uncertain. His passage to Rome by 
way of Florence has been supposed to be marked by 
an engraving, dated 1510, and knownas the Climbers, 
Les Grimpeurs (Bartsch, 487), in which he has repro- 
duced a portion of the design of Michelangelo’s car- 
toon of the Battle of Anghiari, and has added behind 
the figures a landscape imitated from the then young 
Dutch engraver Lucas of Leyden. The piece in which 
he is recorded to have first tried his hand after Raph- 
ael himself is the Lucretia (Bartsch, 192). From that 
time until he disappears in the catastrophe of 1527, 
Marcantonio was almost exclusively engaged in repro- 
ducing, by means of engraving, the designs of Raph- 
ael or of his immediate pupils. Raphael, the story 
goes, was so delighted with the print of the Lucretia 
that he personally trained and helped Marcantonio 
afterwards, adding, as some think, a touch of own here 
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and there to the engraver’s work. A printing estab- 
lishment was set up under the charge of Raphael’s 
color grinder, I] Baviera, and the profits in the early 
stage of the business, were shared between the engray- 
erand the printer. The sale soon became very great; 
pupils gathered round about Marcantonio, of whom 
the two most distinguished were Marco Dente, known 
as Marco da Ravenna, and Agostino de’ Musi, known 
as Agostino Veneziano; and he and they, during the 
- last ten years of Raphael’s life, and for several years 
following his death, gave forth a great profusion of 
engravings after the master’s work,—not copying, in 
most instances, his finished paintings, but working up, 
with the addition of simple backgrounds and accesso- 
ries, his first sketches ane trials, whieh often give the 
composition in a different form from the finished work, 
and are all the more interesting on that account. 

The best of these engravings produced in the work- 
shop of Marcantonio—those, namely, done by his own 
hand, and especially those done during the first few 
years after he had attached himself to Raphael— 
justly count among the most prized and coveted 
examples of the art. In them he enters into the genius 
of his master, the genius of choice, of balance, of rhyth- 
mical purity and charm ; he loses little of the chastened 
science and subtle grace of Raphael’s contours, or 
of the inspired and winning sentiment of his faces; 
while in thie parts where he is left to himself—the 
rounding and shading, the background and landscape 
—he manages his burin with all the skill and freedom 
which he had gained by the imitation of northern 
models, but puts away the northern emphasis and re- 
dundance of detail. His work, however, does not long 
remain at the height marked by pieces like the Lu- 
eretia, the Dido, the Judgment of Paris, the Poetry, 
the Philosophy, or the first Massacre of the Innocents. 
Marcantonio’s engravings after the works of Raphael’s 
later years are cold, ostentatious, and soulless by com- 

arison. Still more so, as is natural, were those which 

e and his pupils produced after the designs of the 
degenerate scholars of Raphael and Michelangelo, of a 
Giulio Romano, a Polidoro, or a Bandinelli. Marcan- 
tonio’s association with Giulio Romano was the cause 
of his first great disaster in life. He engraved a series 
of obscene designs by that painter in illustration of the 
Sonnetti lussuriost of Pietro Aretino, and thereby in- 
curred the anger of Pope Clement VII., at whose 
order he was thrown into prison. Marcantonio’s ruin 
was completed by the calamities attendant on the sack 
of Rome in 1527. He had to pay a heavy ransom in 
order to escape from the hands of the Spaniards, and 
fled from Rome, in the words of Vasari, ‘‘all but a 
beggar.”’ It is said that he took refuge in his native 
city, Bologna; but he never again emerges from ob- 
scurity, and all we know with certainty is that in 1534 
he was dead. (s. c.) 

MARCASITE. Modern mineralogists, following 
Haidinger, have restricted this name to those forms 
of native bisulphide of iron which crystallize in the 
orthorhombic system, and are sometimes known as 
‘* prismatic iron-pyrites.’’ By the older mineralogists 
the word was used with less definite meaning, being 
applied to all crystallized and radiated pyrites, whether 
Hohe or cubic. In the last century both minerals 
were extensively used as ornamental stones. The 
marcasites were generally of small size, faceted like 
rose diamonds, and brilliantly polished, in which form 
they were mounted in pins, brooches, shoebuckles, 
watch-cases, and other ornamental objects. The lustre 
of the polished surface was so brilliant that the stone, 
although opaque, formed a rough substitute for 
diamond ; and this lustre was not readily impaired by 
atmospheric influences. Much of the old mareasite 
jewellery is of so pale a color as almost to resemble 
burnished steel; such kinds generally belong to the 
true modern marcasite, sometimes called ‘‘ white 
pyrites’’; while the specimens which possess a brassy 
yellow color are mostly referable to the cubic species, 


which is distinctively termed pyrite. Some of the 
finest pyrites suitable for the jeweller is found in Elba 
and in Brazil; but the mineral enjoys a very wide 
geographical distribution, and is common in England, 
especially in Cornwall, where it is known to the miners 
as ‘‘mundic.’”’ By the ancient Peruvians the mineral 
was extensively used for amulets, while the larger 
pieces were polished as mirrors; hence marcasite is 
sometimes called pierre des Incas. The word marca- 
site, variously written marchdsite, marchesite, mar- 
eee etc., appears to have been introduced from 
Spain, and is supposed to be of Arabic origin. It is 
notable that the word was applied by early writers on 
chemistry to the metal now called bismuth. 

MARCELLINUS, Svt., according to the Liberian 
catalogue, became bishop of Rome on June 30, 296; 
his predecessor was Caius or Gaius. Of his pontificate 
virtually nothing is known. In the Coneilia of Mansi 
and Hardouin there is an account of a synod alleged to 
have been held in 3803 at Sinuessa (between Rome and 
Capua), at which Marcellinus was accused by three 
of his priests and two of his deacons of having accom- 
panied Diocletian: into the temple of Vesta and Isis, 
and there burnt incense. The narrative goes on to 
say that ultimately he confessed his guilt in the pres- 
ence of the three hundred assembled bishops, but that 
his condemnation was left to himself, for ‘‘ prima sedes 
non judicatur a quoquam.’’ It is further stated in 
the same account that he and many of the other 
bishops were put to death by Diocletian on August 23, 
303. ‘The story of the synod of Sinuessa was current 
at an early date, but was condemned by Augustine 
and Theodoret as a mere invention of the Donatists. 
Its fabulous character is maintained by D6llinger 
(Papstfabeln) and by Hefele ( Conciliengeschichte), 
even against the weighty authority of the Breviary, 
where it constitutes a lesson in one of the nocturns for 
April 26, the commemoration day of Marcellinus. 
Marcellinus died, according to the Liberian catalogue, 
in 304, after a pontificate of eight years three months 
and twenty-five days; after a considerable interval he 
was succeeded by Marcellus, who has sometimes been 
identified with him. 

MARCELLUS, Marcus Craupius, Roman war- 
rior, was born about 268 B.c., and served first in Sicily 
against Hamilear. In his first consulship (222) he was 
engaged in the war against the Insubres, and won the 
spolia opima by slaying their chief Viridomarus. In 
216 he was to have gone as praetor to Sicily with a 
fleet, but was detained on the news of the defeat at 
Cannze. He went to Canusium and took command of 
the fragments of the army. He tried without success 
to prevent Capua going over to Hannibal, but saved 
Nola. In 214 he was in Sicily as consul at the time 
of the revolt of Syracuse; he stormed Leontini and 
besieged Syracuse, but the engineering skill of Archi- 
medes repelled his attacks and compelled him to con- 
tent himself with a blockade. Himilco landed with a 
Carthaginian army, and Marcellus failed to prevent 
their occupying Agrigentum. Taking the opportunity 
of a feast of Artemis, Marcellus stormed Epipolee ; but 
the old town and the island remained untaken, as also 
the fort of Euryalus, which was, however, cut off and 
goon fell. Meanwhile pestilence raged among the 
Carthaginian army encamped outside. After several 
months, during which disorder reigned in the town, 
he gained a lodgment by the aid of a Spanish officer, 
and Syracuse was surrendered (212). Marcellus spared 
the lives of the Syracusans, but carried off their art 
treasures to Rome. Consul again in 210, he took 
Salapia by help of the Roman party there, and put to 
death the Numidian garrison. Proconsul in 209, he 
attacked Hannibal near Venusia, and after a desperate 
battle retired to that town; he was accused of bad 
generalship, and had to leave the army to defend him- 
self in Rome. In his last consulship (208), while 
both consuls were reconnoitring near Venusia, they 
were unexpectedly attacked, and Marcellus was killed. 
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His successes have probably been exaggerated, but he 
was a brave soldier, and the name often given to him, 
the ‘‘sword of Rome,’’ was well deserved. Though 
plebcians, the Marcelli henceforth took a high position ; 
they were hereditary patrons of Sicily. 
MARCELLUS, M. Ciauprus, was curule edile 
in 56 B.c. with P. Clodius. Im 52 he spoke on 
behalf of Milo at his trial. In 51 he was consul 
with Ser. Sulpicius. During his consulship he pro- 
posed to remove Ceesat from his army from March, 
49. The decision was, however, delayed by Pom- 
peius’s irresolution till February, 50, and then the 
tribune C. Curio insisted that Pompeius also should 
vacate his command; and the senate voted this by a 
large majority. But at last C. Marcellus, cousin of 
Marcus, and then consul, went to Pompeius with the 
two consuls elect, and offered him the command of the 
army against Caesar. In January, 49, M. Marcellus 
tried to put off declaring war till an army could be got 
ready; but when Pompeius left Italy Mareus and his 


brother Caius followed, while his cousin withdrew to | 
17th, St. Patrick; and March 25th, Lady Day, one of 


After Pharsalus M. Marcellus retired to 
Mytilene. He long made no attempt to return, till in 
46 the senate appealed to Czsar. Marcellus accepted 
this favor reluctantly. Pressed by Cicero, he left 
Mytilene for Italy, but was murdered in May by 
Magius Cilo in the Pirzeus. Marcellus was a thorough 
aristocrat, but free from the violence which disgraced 
many of his party. 

MARCELLUS, M. Cravuprus, son of C. Marcellus 
and Octavia, sister to Octavianus, was born about 43 
B.C. Octayianus adopted him and made him pontifex 
and senator with preetorian rank. In 25 he married 


Liternum. 


Julia, daughter of Octavianus, and was looked on as! 


his future successor. 
gustus gave his signet to Agrippa. 


Yet in a dangerous illness Au- 
Differences aris- 


ing, Agrippa was made proconsul of Syria to separate | 


the rivals. In 23 Marcellus, while curule eedile, fell 
ill and died at Baizw. Livia was suspected of having 
poisoned him to get the empire for her son Tiberius. 
Great hopes had been built on the youth, and he was 
celebrated by many writers, especially by Virgil, in a 
famous passage in An. vi. 

MARCELLUS L., pope, succeeding Mareellinus, 
after a considerable interval, most probably in May, 307; 
under Maxentius he was banished from Rome in 309 
on account of the tumult caused by the severity of the 

enances. he had imposed on Christians who had 
fapaed under the recent persecution. He died the 
same year, being succeeded by Eusebius. 

MARCELLUS II., Marcellus Cervini, cardinal of 
Santa Croce, a native of the Mark of Ancona, was 
elected pope in the room of Julius III. on April 9, 
1555, but his feeble constitution succumbed to the 
fatigues of the conclave, the exhausting ceremonies 
connected with his accessidn, and the anxieties aris- 
ing from his high office, on the twenty-first day after 
his election. He had a high reputation for integrity, 
tact, and ability. His suecesser was Paul IV. 

MARCH, the third month of our modern year, con- 
tains thirty-one days. As in the Roman year so in the 
English ecclesiastical calendar used till 1752 this was 
the first month, and the legal year commenced on the 
25th of March. The Romans called this month Mar- 
tius, from the god Mars; and it received the name 
Hlyd Monath, t.e., loud or stormy month, from the 
Anglo-Saxons. In France March was also generally 
reckoned the first month of.the year until 1564, when, 
by an edict of Charles [X., January was decreed to 
be thenceforth the first month. Scotland followed the 
example of France in 1599; but in England the change 
did not take place before 1752. There is an old say- 
ing, common to both England and Scotland, which 
represents March as borrowing three days from April; 
thus the last three days of March are called the ‘‘ bor- 
rowing ’’ or the ‘‘ borrowed days.’’ In the Complaynt 
of Scotland we find ‘‘the borial blastis of the thre 
borouing dais of Marche hed chaisset the fragrant 
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flureise of evyrie fruit-tree far athourt the feildis.” 
An ancient popular rhyme says :— 
“March borrowit from Averill 
Three days, and they were ill ;” 


and then there is another rhyme which graphically 
characterizes those three ‘‘ill’’ days in detail ;— 
“The first, it sall be wind and weet, 
The next, it sall be snaw and sleet ; 


The third, it sall be sic a freeze, 
Sall gar the birds stick to the trees,” 


There is an old proverb, ‘‘ A bushel of March dust 
is worth a king’s ransom.’’ Dry weather in March is 
generally favorable to the production of grain on clay 
lands; and hence a ‘‘dusty March’’ portended a 
plenteous season; while, on the contrary, a ‘ wet 

tera ” frequently proved destructive of both wheat 
and rye. 

The principal fixed days now observed and noted in 
the course of this month are the following :—March 
Ist, St. David; March 12th, St. Gregory; March 


the established quarter-days in England. 

MARCHE, a former province of central France, 
was bounded on the N. by Berri, on the N. E. by 
Bourbonnais, on the E. by Auvergne, on the 8. by 
Limousin, and on the W. by Angoumois and Poitou, 
embracing the greater part of the modern department 
of Creuse, a considerable portion of Haute-Vienne, 
and fragments of Charente and Indre. It derived its 
name from the circumstance of its being the ‘‘mark’’ 


‘or boundary between Poitou and Berri; it is some- 


times referred to as Marche Limousine. It is first 
mentioned in history as a separate fief’ about the mid- 
dle of the 10th century, when the countship of Marche 
was committed by Duke William III. of Aquitania to 
Boso L., count of Limoges and Charroux. 

MARCHENA, a town of Spain, in the province of 
Seville, lies in a sandy valley, not far from the Cor- 
bones, a tributary of the Guadalquivir, about 30 miles 
east-southeast from Seville. It is a station on the line 
by which Seville and Utrera are connected with Osuna 
and the Cordova-Malaga line. Formerly it was sur- 
rounded with walls and towers, of which some traces 
still remain. Among the principal buildings is the 

alace of the dukes of Arcos (descendants of Ponce de 

eon), within the inclosure of which is an ancient 
Moorish building, now the church of Santa Maria de 
la Mota, with a tower of considerable architectural 
merit. The ancient parish church of San Juan, re- 
built in 1490, has five naves. At the eastern end of 
the town is a sulphur spring which is a place of con- - 
siderable resort for the cure of cutaneous diseases. 
The manufactures of the place are unimportant; there 
is some trade in the wheat, barley, olives, oil, and wine 
produced in the neighborhood. The population in 
1877 was 13,768. Marchena (the Castra Gemina of 
Pliny?) was taken from the Moors by St. Ferdinand 
in 1240, and was presented to Ponce de Leon by Ferdi- 
nand LV. in 1309. 

MARCIAN (Marcranvs), emperor of the Hast 
from 450 to 457, was born in a private station of life 
in Illyria or Thrace, about the year 391, and at an 
early age entered the army, where after a considerable 
term of obscurity he attracted the attention of Arda- 
burius and subsequently of Aspar, being made mili- 
tary secretary and a captain in the guards. He ac- 
companied Aspar in the ill-fated expedition against 
Geuseric, by whom he was taken prisoner, but soon 
released. In 450, having in the meantime become 
tribune and senator, he went through the form of 
marriage with Pulcheria, the sister and successor of 
Theodosius II., and was crowned on August 25. In 
451 he assembled the cecumenical council of Chalcedon, 
at which the proceedings of the “‘robber-synod”’ of 
Hphesus were annulled, and the Kutychian heresy 
condemned, a service to orthodoxy which has greatly 
endeared his memory to the minds of Catholic histo- 
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rians. 
respectively gained victories of some importance over 


the Arabs near Damascus and over the Blemmyes who: 


had inyaded the Thebaid; and after the death of 
Attila (453) he set about the task of repopulating the 
extensive tracts which had been devastated by the 
Huns. He maintained the peace of his dominions 
during the troubles which convulsed the Western em- 
pire in 455; and in 456 his arms were free to repress 
disturbances in Lazica which had been fomented by 
the Armenians and Persians. He died in 457, and 
was succeeded by Leo I. 

MARCION Anp toe Marcronrre Cuurcues. In 
the period between 130 and 180 A.D. the varied and 
complicated Christian fellowships inthe Roman empire 
erystallized into close and mutually exclusive societies: 
—churches with fixed constitutions and creeds, schools 
with distinctive esoteric doctrines, associations for wor- 
ship with peculiar mysteries, and ascetic sects with 
special rules of conduct. Of churchly organizations 
the most important, next to Catholicism, was the Mar- 
cionite community. Like the Catholic church, this 
body professed to comprehend everything belonging to 
Christianity. It admitted all believers without dis- 
tinction of age, sex, rank, or culture. It was no mere 
school for the learned, disclosed no mysteries for the 
tag but sought to lay the foundation of the 

hristian community on the pure gospel, the authentic 
institutes of Christ. The pure gospel, however, Mar- 
cion found to be everywhere more or less corrupted 
and mutilated in the Christian circles of his time. His 
undertaking thus resolved itself into a reformation of 
Christendom. ‘This reformation was to deliver Christ- 
endom from false Jewish doctrines by restoring the 
Pauline conception of the gospel,—Paul being, acecord- 
ing to Marcion, the only apostle who had rightly un- 
derstood the new message of salvation as delivered by 
Christ. In Marcion’s own view, therefore, the founding 
of his chureh—to which he was first driven by oppo- 
sition—amounts to a reformation of Christendom 
through a return to the gospel of Christ and to Paul; 
nothing was to be accepted beyond that. his of itself 
shows that it is a mistake to reckon Marcion among 
the Gnostics. A dualist, we shall see, he certainly 
was, but he was not a Gnostic. For he aseribed sal- 
vation, not to ‘“knowledge”’ but to ‘‘faith’’; he ap- 
pealed openly to the whole Christian world; and he 
nowhere consciously added foreign elements to the reve- 
lation given through Christ. It is true that in many 
features his Christian system—if we may use the ex- 
pression—resembles the so-called Gnostiesystems; but 
the first duty of the historian is to point out what 
Marcion plainly aimed at; only in the second place 
have we to inquire how far the result corresponded 
with those purposes. 

The doctrines of Marcion and the history of his 
churches from the 2d to the 7th century are known to 

us from the controversial works of the Catholic fathers. 
From Justin downwards, almost every eminent church 
teacher takes some notice of Marcion, while very many 
write extensive treatises against him. The most im- 
portant of those which have come down to us are the 
controversial pieces of Irenzeus (in his great work 
against heretics), Tertullian (Adv. Mare., i.-v.), Hip- 
polytus, Pseudo-Origen Adamantius, Kpiphanius, and 
the Armenian Hsnik. From these works the contents 
of the Marcionite Gospel, and also the text of Paul’s 
epistles in Marcion’s recension, can be. settled with 
tolerable accuracy. His opponents, moreover, have 
pelea some expressions of his, with extracts from 
is principal work ; so that our knowledge of Marcion’s 
views is in part derived from the best sourees. 

Marcion was a wealthy shipowner, belonging to Si- 
nope in Pontus. He appears to have been a convert 
from paganism to Christianity, although it was asserted 
in later times that his father had been abishop. That 
reportis probably as untrustworthy as another, that he 
was excommunicated from the church for seducing a 


In 452 his generals Ardaburius and Maximin’ 
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virgin. What we know for certain is that after the 
death of Hyginus (or ¢. 139 A.D.) he arrived in the 
course of his travels, at Rome, and made a handsome 
donation of money to the local church. Even then, 
however, the leading features of his peculiar system 
must have been already thought out. At Rome he 
tried to gain acceptance for them in the college of 
presbyters and in the church; indeed he had previously 
made similar attempts in Asia Minor. But he now 
encountered such determined opposition from the ma- 
jority of the congregation that he found it necessary 
to withdraw from the great church and establish in 
Rome a community of his own. This was about the 
year 144. The new society increased in the two follow- 
ing decades; and very soon numerous sister-churches 
were flourishing in the east and west of the empire. 
Marcion took up his residence permanently in Rome, 
but still undertook journeys for the propagation of his 
opinions. In Rome he became acquainted with the 
Syrian Gnostic Cerdo, whose speculations influenced 
the development of the Marcionite theology. Still 
Marcion seems never to haye abandoned his design of 
gaining over the whole church to his gospel. ‘The 
proof of this is found, partly in the fact that he tried 
to establish relations with Polycarp of Smyrna,—from 
whom, to be sure, he got a sharp rebuff,—partly in a 
legend to the effect that towards the end of his life he 
sought re-admission tothe church. Such, presumably, 
was the construction put in after times on his earnest 
endeavor to unite Christies on the footing of the 
‘‘pure gospel.’’ When he diedis not known; but his 
death can scarcely have been much later than the year 
165. 

The distinctive teaching of Marcion originated in a 
comparison of the Old Testament with the gospel of 
Christ and the theology of the apostle Paul. Its 
motive was not cosmological or metaphysical, but, re- 
ligious and historical. In the gospel he found a God 
revealed who is goodness and love, and who desires 
faith and love from men. This God he could not dis- 
cover in the Old Testament ; on the contrary, he saw 
there the revelations of a just, stern, jealous, wrathful, 
and variable god, who requires from his servants blind 
obedience, fear and outward righteousness. Over- 
powered by the majesty and novelty of the Christian 
message of salyation, too conscientious to rest satisfied 
with the ordinary attempts at the solution of diffi- 
culties, while yet he was in no position to reach an his- 
torical insight into the relation of Christianity to the 
Old Testament and to Judaism—who indeed was so in 
those days?—he believed that he expressed Paul's 
view by the hypothesis of two Gods: the just God of 
the law (the God of the Jews, who is also the Creator 
of the world), and the good God, the Father of Jesus 
Christ. Paradoxes in the history of religion and reve- 
lation which Paul draws out, and which Marcion’s 
contemporaries passed by as utterly incomprehensible, 
are here made the foundation of an ethico-dualistic 
conception of history and of religion. It may be said 
that in the second century only one Christian—Marcion 
—took the trouble to understand Paul; but it must be 
added that he misunderstood him. The profound re- 
flections of the apostle on the radical antithesis of law 
and gospel, works and faith, were not appreciated in 
the 2d century. Marcion alone perceived their decisive 
religious importance, and with them confronted the 
legalizing, and in this sense Judaizing, tendencies of 
his Christian contemporaries. But the Pauline ideas 
lost their truth under his treatment; for, when it is 
denied that the God of redemption is at the same time 
the almighty Lord of heaven and earth, the gospel is 
turned upside down. 

‘he assumption of two gods necessarily led to cos- 
mological speculations. Under the influence of Cerdo 
Marcion carried out his ethical dualism in the sphere 
of cosmology; but the fact that his system is not free 
from contradictions is the best proof that all along re- 
ligious knowledge, and not philosophical, had the chief 
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value in his eyes. The main outlines of his teaching 
are as follows. Man is, in spirit, soul, and body, a 
creature of the just and wrathful god. This god 
created man from Hyle (matter),! and imposed on 
him a strict law. Since no one could keep this law, 
the whole human race fell under the curse, temporal 
and eternal, of the Demiurge. Then a higher God, 
hitherto unknown, and concealed even from the 
Demiurge, took pity on the wretched, condemned race 
of men. He sent His Son (whom Marcion probably 
regarded as a manifestation of the supreme God Him- 
self) down to this earth in order to redeem men, 
Clothed in a visionary body, in the likeness of a man 
of thirty years old, the Son made His appearance in 
the fifteenth year of Tiberius, and preached in the 
synagogue of Capernaum. But none of the Jewish 
yeople understood Him. Even the -disciples whom 
He chose did not recognize His true nature, but mis- 
took Him for the Messiah promised by the Demiurge 
through the prophets, who as warrior and king was to 
come and set up the Jewish empire. The Demiurge 
himself did not suspect who the stranger was; never- 
theléss he became angry with Him, and, although 
Jesus had punctually fulfilled his law, caused Him to 
be nailed to the cross. By that act, however, he pro- 
nounced hisown doom. For the risen Christ appeared 
before him in His glory, and charged him with haying 
acted contrary to his own law. ‘lo make amends for 
this crime, the Demiurge had now to deliver up to the 
good God the souls of those who were to be redeemed ; 
they are, as it were, purchased from him by the death 
of Christ. Christ then proceeded to the underworld 
to deliver the spirits of the departed. It was not the 
Old Testament saints, however, but only sinners and 
malefactors who obeyed His summons. Then, to gain 
the living, Christ raised up Paul as His apostle. He 
alone understood the gospel, and recognized the differ- 
ence between the just God and the good. According- 
ly, he opposed the original apostles with their Judaistic 
doctrines, and founded small congregations of true 
Christians. But the preaching of the false Jewish 
Christians gained the upper hand; nay, they even 
falsified the evangelical oracles and the letters of Paul. 
Marcion himself was the next raised up by the’ good 
God, to proclaim once more the true gospel. This he 
did by setting aside the spurious gospels, purging the 
real Gospel (the Gospel of Luke) from supposed J uda- 
izing interpolations, and restoring the true text of the 
Pauline epistles. He likewise composed a book, ealled 
the Antitheses, in which he proved the disparity of the 
two gods, from a comparison of the Old Testament 
with the evangelical writings. 

On the basis of these writings, Marcion proclaimed 
the true Christianity, and founded churches. He 
taught that all who put their trust in the good God, 
and His crucified Son, renounce their allegiance to the 
Demiurge, and approve themselves by good works of 
love, shall be saved. But he taught further—and here 
we trace the influence of the current Gnosticism on 
Marcion—that only the spirit of man is saved by the 
good God; the body, because material, perishes. 
Accordingly his ethics also were thoroughly dualistic. 
By the ‘‘ works of the Deminrge,”’ which the Christian 
is to flee, he meant the whole ‘‘ service of the perish- 
able.”’ The Christian must shun everything sensual, 
and especially marriage, and free himself from the 
body by strict asceticism. The original ethical contrast 
of “good” and “‘just’’ is thus transformed into the 
cosmological contrast of ‘‘spirit’’ and ‘‘matter.”’ 
The good God appears as the god of spirit, the Old 
Testament god as the god of matter. That is Gnosti- 
cism ; but it is at the same time illogical. For, since, 
according to Marcion, the spirit of man is derived, not 
from the good, but from the just God, it is impossible 
to see why the spiritual should yet be more closely re- 


1 On the relation of matter to the Creator Marcion himself 
seems not to have speculated, though his followers may have 
done 80, 
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lated to the good God, than the material. There ig 
yet another direction in which the system ends with a 
contradiction. According to Marcion, the good God 
never judges, but everywhere manifests His goodness, 
—is, therefore. not to be feared, but simply to be 
loved, as a father. But here the question occurs, 
What becomes of the men who do not believe the 
gospel? Marcion answers, The good God does not judge 
them, but merely removes them from His presence. 
Then they fall under the power of the Demiurge, who 
—rewards them for their fidelity? No, says Marcion, 
but on the contrary—punishes them in his hell! The 
contradiction here is palpable; and at the same time 
the antithesis of ‘‘just’’ and ‘‘good’”’ ultimately van- 
ishes. or the Demiurge now appears as an inferior 
being, who in reality executes the purposes of the good 
God. It is plain that dualism here terminates in the 
idea of the sole supremacy of the good God. 

It is not surprising, therefore, that even in the 2d 
century the disciples of Marcion diverged in several 
directions. Rigorous asceticism, the rejection of the 
Old Testament, and the recognition of the ‘‘new God” 
remained common to all Marcionites, who, moreover, 
like the Catholics, lived together in close communities 
ruled by bishops and presbyters (although their con- 
stitution was originally very loose, and sought to avoid 
every appearance of ‘“‘legality’’). Some, however, 
accepted three first principles (the evil, the just, the 
good) ; others held by two, but regarded the Demiurge 
as the god of evil, z.e., the devil; while a third party, 
like Apelles, the most distinguished of Marcion’s 
pupils, saw in the Demiurge only an apostate angel of 
the good God—thus returning to monotheism. The 
golden age of the Marcionite churches falls between the 
years 150 and 250. During that time they were really 
dangerous to the great church; for in fact they main- 
tained certain genuine Christian ideas, which the 
Catholic church had forgotten. From the beginning 
of the 4th century they began to die out in the West; 
or rather they fell a prey to Manicheism. In the 
Kast also many Marcionites went over to the Manichee- 
ans; but there they survived much longer. ‘They can 
be traced down to the 7th century, and then they seem 
to vanish. But it was unquestionably from Marcionite 
impulses that the new sects of the Paulicians and Bo- 
gomiles arose; and in so far as the western Katharoi, 
and the antinomian and anti-clerical sects of the 13th 
century are connected with these, they also may be 
included in the history of Marcionitism. 


Literature.—Baur, Die Gnosis, 1835; Moller, Geschichte der 
Kosmologie in der griechischen Kirche, 1860; Lipsius, Gnosti- 
cismus, 1860; Harnack, Zur Quellenkritik der Geschichte des ~ 
Gnosticismus, 1873, and in the Zeitschrift f. hist. Theol., 1874; 
Harnack, De Apellis gnosi monarchia, 1874; Lipsius, Quellen 
der dltesten Ketzergeschichte, 1875; Mansel, The Gnostic Here- 
sies, 1875; Harnack, Zur Geschichte der Murcionitischen 
Kirchen (Wilgenfeld’s Zeitschrift, 1876). Of the numerous 
works on Marcion’s Gospel and Apostolos lists will be found 
in any introduction of the New Testament or history of the 
canon. The following are the ascertained results of criti- 
cism :—(1) Marcion was the first to make a canonical collec- 
tion of New Testament writings; (2) his Gospel is to be 
regarded as a reconstruction, and not as the basis, of our 
canonical Gospel of Luke. (A. HA.) 


MARCO POLO. See Poto. 

MARCUS, the successor of Pope Sylvester I., ac- 
cording to the Liberian catalogue, had a pontificate of 
eight months and twenty days, from January 18 to 
October 7, 336. Of his character or history nothing is 
recorded. He was succeeded by Julius I. 


MARDIN, a town of Turkish Kurdistan, the seat 
of a governor dependent on the pasha of Diarbekir, is 
situated in 37° 207 N. lat. and 41° K. long., about 60 
miles southeast of Diarbekir, at a height of 3900 feet 
above the sea. Climbing the southern side of a steep 
conical hill (of soft limestone) in such a way that the 
roofs of the lower tier of houses serve as a street for 
those immediately above, Mardin presents a very pic- 
turesque appearance; and on the summit of the hill, 
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which affords an unusually wide view over the Meso- 

otamian plain, stand the ruins of the famous castle 

al‘ah Shuhbé (Maride and Marde in Latin, and simi- 
larly in Syriac), which, at least from the time of the 
Romans, played an important part in the history of 
this region. ‘The Arabian geographers characterize it 
as impregnable; and, the approaches being extraordi- 
narily steep, narrow, and well arranged for purposes 
of defence, it was able to offer a protracted resistance 
to the Mongolian conqueror Hulagu, and to the armies 
of Timur. ‘The castle was for hundreds of years the 
residence of princes more or less independent. The 
town has not much commerce or industry, but the sur- 
rounding country is distinguished for its excellent water 
and general fertility, and more especially for its fruit 
trees and melons. As regards their caperih and the 
honesty of their dealings, the people of Mardin do not 
enjoy the best reputation. They are estimated to 
number from 15,000 to 18,000; in 1870 Professor Socin 
was informed in the town that there were 600 Ja- 
cobite, 300 Catholic Armenian, 200 Catholic Syrian, 
30 Chaldzean, and 57 Protestant families. Among the 
Jacobites are included a few remnants of the old sect 
called Shemsiye. See Ritter, Hrdkunde von Asien, 
2d ed., vol. vil. 

MARGARRHT or Ansou (1429-1482), who became 
the queen of Henry VI. of England, was born at Pont 
4, Mousson in Lorraine on the 24th! March, 1429. Her 
father, ‘‘the good King René,” as he was called in 
later years, did not at the time of her birth possess any 
of the pompous titles to which he afterwards laid 
claim, but was simply count of Guise, and younger 
brother of the existing duke of Anjou. He had, how- 
ever, married Isabella, daughter of Charles II., duke 
of Lorraine, and during Margaret’s infant years he 
succeeded to two dukedoms, first Lorraine and then 
Anjou, and_afterwards to the crowns of Naples, 
Sicily, and Jerusalem. Some of these acquisitions, 
however, were no more than empty titles. e had a 
competitor for the duchy of Lorraine against whom he 
was unsuccessful in war, and he was actually a pris- 
oner in the hands of the Duke of Burgundy when the 
death of Joan II. of Naples first made him nominally 
aking. He deputed his wife Isabella to go to Naples 
and take possession of his new kingdom for him, and 
she took with her while on this enterprise her second 
son Louis and her second daughter Margaret, then in 
her seventh year. René himself obtained his liberty 
after a time, and followed his wife to Naples, but, 
being defeated by a rival there also, he returned to 
France after more than four years’ absence. Before re- 
visiting Lorraine or Anjou, he spent some time in 
Provence, and there received a proposal for the mar- 
riage of Margaret, who had by this time nearly com- 

leted her fourteenth year, from Charles, count of 

evers. It was accepted, and the contract was actu- 
ally signed; but the marriage was delayed on account 
of some disputes about the settlement, and next year 
it was set aside for the more splendid match offered by 
the king of England. 

This was in 1444. The earl, afterwards duke, of 
Suffolk, had proposed the match to Henry VI. as a 
means of terminating the lone war with France, and 
securing peace upon a solid basis. Henry fully entered 
into the scheme, and was content forso great an‘object, 
not only to accept a bride without a dowry, but to give 
up to King René the provinces of Anjou and Maine. 
A great embassy was sent over to France, with Suffolk 
himself at its head, to negotiate the matter, and some 
months later the marriage was celebrated by proxy at 
Tours, Suffolk acting as Henry’s representative. In 
Apr'l of the following year, 1445, Margaret crossed 
the Channel, and was received by Henry on her land- 
ing at Porchester. A few days later, 22d April, they 
were married in Tichfield Abbey, or as some other 


1 Most authorities say the 23d, but according to the MS. Heures 
parent, cited in the Nouvelle Biographie Générale, the day was the 


543 


authorities say, at Southwick,? and on Sunday the 30th 
of May Margaret was crowned at Westminster. Suf- 
folk was now high in favor at court, but the policy he 
had pursued of giving up territory for the sake of 
peace was not likely to be generally acceptable in its- 
self, and the events of the next few years completed 
his unpopularity. War broke out again with France 
in 1449, and in the course of a single year the whole of 
Normandy was lost to the English. Suffolk was im- 
peached by the Commons, and the king was persuaded 
that the best way to protect him was to order him to 
quit the country. But he was taken and murdered at 
sea, and for some time the country was ina state of 
fearful anarchy. Margaret’s position was now one 
that required great tact and delicacy. The king’s mar- 
riage was already unpopular, and the fact was soon 
manifest that his wife possessed far higher abilities and 
greater power of governing than himself. This, to- 
gether with the king’s occasional attacks of mental 
imbecility, was really the great source of her misfor- 
tunes. During Henry’s intervals of sanity it was she 
who really governed, and unfortunately she gave her 
whole support to the duke of Somerset, whose mis- 
management abroad had been the immediate cause of 
the loss of Normandy. The duke of York vainly en- 
deavored to procure Somerset's removal, but he was 
so protected by the court that the complaints of his 
accuser were utterly unheeded, except during the 
king’s periods of total incapacity, when the lords made 
York protector. Civil war at last broke out, and 
Somerset fell at St. Albans in 1455. Party feeling 
was bitterly exasperated, and Margaret, as we learn 
from a contemporary French historian, actually insti- 
gated an attack on Sandwich by the French out of 
hatred to the duke of York. At length in 1460, that 
nobleman openly challenged the crown as his right and 
obtained from parliament, with the consent of Henry 
himself, a settlement of the succession in his favor. 
But at this time Margaret was out of the way. The 
king had been taken prisoner the year before by the 
Yorkists at the battle of Northampton, and she had 
sought refuge in Wales and Scotland along with her 
only son Hdward, prince of Wales, then seven years 
old, who was now disinherited. Margaret’s friends 
took up her cause in the north of England, and the 
duke of York, going to meet them, fell at the battle of 
Wakefield, 30th December, 1460. Margaret naturally 
endeavored to improve her victory by marching on 
to London. But Edward, earl of March, the duke of 
York’s son, defeated her adherents on the borders of 
Wales, while the earl of Warwick with the king in his 
custody left London to oppose her. The ill-disciplined 
troops that she brought with her from the north ray- 
aged the country as they went, and made themselves 
generally detested. But they overthrew Warwick’s 
forces at St. Albans (the second battle fought there 
in this war), and liberated the king. The earl of 
March, however, soon came up and entered London, 
where he was proclaimed king by the name of Edward 
IV., amid the shouts of the citizens, who had always 
been aevoted to his father. Margaret then thought it 
advisable to withdraw into the north along with Henry 
and her son, and Mdward and Warwick pursued them 
into Yorkshire, where the bloody battle of Towton 
(29th March, 1461) utterly crushed forthe time the 
hopes of the house of Lancaster. Henry and Marga- 
ret fled to Scotland, and surrendered Berwick to the 
Scots as the price of their assistance. Margaret and 
her son soon after entered England with a body of 
Scots, who besieged Carlisle, ‘but they were driven 
back by Lord Montague. Then King Henry accom- 
panied another inyasion into the county of Durham 
which was equally unsuccessful. Next year (1462) 
Margaret sailed from Kirkcudbright to seek aid in 


2 Southwick, according to Fabyan, who is followed by Hall 
and later writers; but William Wyrcestre and the anonymous 
author of the English Chronicle edited by Davies for the Camden 
Society, who are both strictly contemporary, say Tichfield. | 
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France, and offered the surrender of Calais to Louis 
XI. if Louis enabled her husband to regain his king- 
dom. Louis gave her two thousand men under the 
command of Pierre de Brézé, and with these she made 
a descent upon Northumberland and took Bamborough 
and some other castles, which, however, were soon 
after besieged by King Edward's forces, and after-a 
while recovered. King Edward himself, on hearing of 
her landing, hastened into the north, on which Mar- 
garet took ship to sail to France, but meeting with a 
storm was driven to land at Berwick and lost all her 
treasure. On the total failure of this expedition the 
well-known story is told by a French writer of her 
wandering with her sonin a forest where she was at- 
tacked by robbers, and appealing successfully to the 
loyalty of one of them to save the son of his king. 

Soon after, in April, 1463,’ she sailed to Flanders 
and sought the aid of Philip of Burgundy, but he 
declined to do more than relieve her poyerty, and 
she retired to a castle in Lorraine, which her father 
gave her to occupy. Here Sir John Fortescue, who 
accompanied her into exile, superintended the edu- 
cation of her son, and composed for his benefit his 
celebrated treatise on the laws of England. Here 
also she apparently remained while her husband made 
further efforts and met with further defeats,—while he 
lay concealed, for more than a year, in Lancashire, was 
taken prisoner, and committed to the Tower. But in 
1470, when her old enemy the earl of Warwick, hay- 
ing rebelled against King Kdward, sought a refuge in 
France, Louis XI. induced her, though with great dif 
ficulty, to pardon him and concert measures along with 
him for her husband’s restoration to the throne. The 
negotiation was cemented by an agreement for the mar- 
riage of her son, the prince of Wales, to the earl’s 
daughter after the kingdom should have been re- 
covered, and so successful was the project that Hdward 
was actually driven into exile, and for a period of six 
months Henry was again acknowledged as king. But 
the return of King Hdward and the battle of Barnet 
once more changed the aspect of affairs before Mar- 
garet was able to rejoin her husband, and when she 
at length landed again in England she was defeated and 
taken prisoner at Tewkesbury. ‘To add to her misery 
her only son Prince Edward was butchered after the 
battle. Four years later, in 1475, on peace being made 
between England and France, she was ransomed by 
Louis XI., and returned to her native country. She 
died at Dampierre near Saumur in Anjou, on the 25th 
of August, 1482. 

Principal Authorities.—Bourdigné, Chroniques d’ Anjou et 
du Maine; Villeneuve Bargemont, Histore de René d Anjou; 
William Wyrcestre, Annals, edited by Hearne (with Liber 
Niger Scaccarii) ; Fragment relating to Edward IV., ed. Hearne 
(with Sprott’s Chronicle); English Chronicle, ed. Davies (Cam- 
den Society); Paston Letters; Rolls of Parliament; Anchi- 
ennes Chronicques @’ Engleterre, par Jehan de Wavrin, edited by 
Mile. Dupont; Lord Clermont’s edition of the Works of Sir 
John Fortescue. Mrs. Hookham’s Life and Times of Margaret 
of Anjou (London, 8yvo, 1872), is an elaborate and useful 
work, but not always accurate and discriminating in the 
use of authorities. 


MARGARET oF Austria (1480-1530), duchess of 
Savoy, and regent of the Netherlands from 1507 to 
1530, was the daughter of the emperor Maximilian 
and Mary of Burgundy, and was born at Brussels on 
January 10, 1480. In 1482 she was betrothed to 
Charles, the son of Louis XI. (afterwards Charles 
VILL. of France) ; and in 1497 she was actually mar- 
ried to the infante John of Aragon, who left her a 
widow a few months afterwards. In 1501 she became 
the wife of Philibert II. of Savoy, who only survived 
until 1504; and in 1507 she was entrusted by Maxi- 


1 This is clearly the date intended by William Wyrcestre (p. 
496); and it agrees entirely with Monstrelet (iii. 96). Vet almost 
aj] modern historians (except Lingard) and even biographers of 
Margaret of Anjou date her departure to Flanders after the bat- 
tle of Hexham, at which she certainly was not present, as they 
~would have her, 
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milian with the regency of the Netherlands and also 
with the charge of his grandson Charles. She died at 
Mechlin in 1530. 

MARGARKHT or Austria (1522-1586), duchess of 
Parma, and regent of the Netherlands from 1559 to 
1567, was a natural daughter of Charles V. by Mar- 

aret van Gheenst, a Flemish lady, and was born at 

russels in 1522. In 1533 she was married to Alex- 
ander, duke of Florence; and, having been left a wid- 
ow in 1537, she became the wife of Ottavio Farnese, . 
duke of Parma, in 1542. The union proved an unhappy 
one, and she for the first time found a sphere for her 
somewhat masculine abilities in the Netherlands, which 
were intrusted to hereare by her brother Philip I. of 
Spain on his departure for the peninsula in 1559 (see 
Sean vol. xii. pp. 77, 78). It was with much re- 
luctance that she resigned the reins of power into the 
hands of the duke of Alva in 1567 and retired to Italy. 
Before her death, which occurred at Ortona in 1586, 
she had the satisfaction of seeing her son Alexander 
Farnese appointed to the government which she had 
occupied some twenty years before. 

MARGARRT, S8r., queen of Scotland, born in Hun- 
gary about 1040, was a daughter of Edward the Athe- 
ling, son of Kdmund Ironside; her mother was 
Agatha, most probably a niece of Queen Gisela of 
Hungary and of the emperor Henry II. She ac- 
companied her father to England in 1057, and after 
the Norman Conquest she was brought (1068) to Scot- 
land, where she became the wife of Malcolm Canmore 
in the spring of 1069. She survived her husband, who 
died in November, 1093, by only afew days (see Scor- 
LAND). The chroniclers all agree in depicting Queen 
Margaret as a strong, pure, noble character, who had 
very great influence over her husband, and through 
him over Scottish history, especially in its ecclesiastical 
aspects. Her religion, which was genuine and intense, 
was of the newest Roman style; and to her are at- 
tributed a number of reforms by which the Church of 
Scotland was considerably modified from the insular 
and primitive type which down to her time it had ex- 
hibited. Among those expressly mentioned are a 
change in the manner of observing Lent, which 
thenceforward began as elsewhere on Ash Wednesday 
and not as previously on the following Monday, andthe 
abolition of the old practice of observing Saturday 
(Sabbath), not Sunday, as the day of rest from labor 
(see Skene’s Celtic Scotland, book ii. chap. 8). Her 
sons Edgar, Alexander, and David successively occu- 
pied the throne of Scotland; her elder daugther, Ma- 
tilda, became the wife of Henry I. of England in 1101. 
Margaret was canonized by Innocent LV. in 1251, and. 
by Clement X. she was made patroness of Scotland. 
Her festival (semiduplex) is observed by the Roman 
Church on June 10. 

MARGARET (1283-1290), known in Scottish his- 
tory as the ‘‘ Maid of Norway,’ was, through her 
mother Margaret, who had been married to Hric of 
Norway, the only grandchild of Alexander III. of 
Scotland, and was born in Norway in 1283. At the 
death of her grandfather (1286), while she was still an 
infant, Edward I. of England arranged for her be- 
trothal to his son, but this policy was defeated by her 
early death, which took place, it was alleged, in Orkney, 
as she was on her way to Scotland, in 1290. The circum- 
stances of her death were so obscure that doubts were - 
entertained in some quarters whether she had not 
rather been spirited away. About 1300 a woman pre- 
sented herself in Leipsic as the long-lost queen of Scot- 
land; ultimately, however, she was burnt at Bergen as 
an impostor. 

MARGARET of Vators. See MARGUERITE. 

MARGARITA, an island in the Caribbean Sea, 
about 8 miles off the coast of Venezuela, constituting 
along with the lesser islands Blanguilla and Hermanos 
the new state of Nueva Esparta. It has an area of 
400 square miles, consists of two portions united by a 
low and narrow isthmus, is generally mountainous, 


MARGARITA—MARGUERITE DE VALOIS. 


and attains its greatest elevation of 4630 feet in Mont 
Macanao. The pearls from which Margarita takes its 
name, and which proved a considerable source of 
wealth in the 16th and 17th centuries, are no longer 
sought after; but the ordinary fisheries are actively 
prosecuted, and since the War of Independence, agri- 
culture, trade, and industry have all greatly improved. 
Pompatar is the only harbor, Pueblo del Norte and 
Pueblo de la Mar being rather open roadsteads. 
Asuncion, the chief town, contains about 3000 inhabi- 
tants. The population of the island was 16,200 in 
1807 (about 8000 being whites), and that of the state 
80,983 in 1873. 


Discovered by Columbus in 1498, Margarita was in 1524 
bestowed by Charles V. on Marceto Villalobos. In 1561 it 
was ravaged by Lopez de Aguirre, a notorious freebooter, 
and in 1662 the town of Pompatar was destroyed by the 
Dutch. Long included in the government of Cumana, 
Margarita attained administrative independence only in 
the 18th century. In the War of Indepeudence the inhabi- 
tants made an effective stand against Murillo; and to this 
they owe the honor of having their island erected into the 
state of New Sparta. 


MARGARITA, Sv., virginand martyr, is celebrated 
by the Church of Rome on July 20, but her feast 
formerly fell on the 13th, and her story is almost iden- 
tical, even in the proper names, with that of the Greek 
St. Marina (July 17). She was of Antioch (in the 
Greek story Antioch of Pisidia), daughter of a priest 
Afidesius. She lived in the country with a foster 
mother, scorned by her father for her Christian faith, 
and keeping sheep. Olybrius the ‘* preeses Orientis”’ 
sees her and offers his hand as the price of renuncia- 
tion of Christianity. Her refusal leads to her being 
cruelly tortured, and after various miraculous inci- 
dents, in which a heavenly dove plays a prominent 
part, she is put to death. Women prayed to St. Mar- 
ie for easy deliverance. It has been shown by H. 

sener (Legenden der heiligen Pelagia, Bonn, 1879) 
that this legend belongs to a group of curious narra- 
tives which all have their root in a transformation of 
the Semitic Aphrodite into a Christian penitent or 
saint. Of these legends that of Sx. PELAGIA (q.v.) is 
perhaps the most important. Marina is a translation 
of Pelagia, and both are epithets of Aphrodite, as she 
was worshipped on the coasts of the Levant. Pelagia 
in the legend has Margarito as her second name. ‘The 
association of the marine goddess with the pearl is ob- 
vious, and the images of Aphrodite were decked with 
these jewels. 

MARGATE, a municipal borough, market-town, 
and watering-place of Kent, Hngland, is situated in the 
Isle of Thanet, 4 miles west of North Foreland, and 
by rail 90 miles east of London, with which it has also 
in summer daily steam communication by water. The 
streets of the town are regular and spacious, and there 
are many:good villas in the suburbs. There is a ma- 
rine terrace 2500 feet in length, parallel to which there 
is an esplanade. The pier, 900 feet long, was con- 
structed iy Rennie in 1810. A landing-place permit- 
ting the approach of vessels at all tides was constructed 
in 1854, and enlarged in 1876. he church of St. 
John the Baptist, founded in 1050, contains some por- 
‘tions of Norman architecture, the remainder being 
Decorated and Late Perpendicular. It possesses seve- 
ral fine brasses and monuments. Among the other 

- public buildings are the new town-hall, the market, the 
assembly rooms, the deaf and dumb asylum, and the 
royal sea-bathing infirmary, which has lately been 
much enlarged through the munificence of Sir Krasmus 
Wilson. ‘The old name of Margate was Meregate, the 
entrance to the sea. Previous to the last century it 
was only a fishing village with a small coasting trade, 
but since then, owing principally to its fine stretch of 

-gand, it has been steadily rising into favor as a water- 
ing-place, and is now one of the most favorite resorts 
of the middle classes of London. It received municipal 
privileges in 1857. The population of the municipal 
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borough (384 acres) in 1871 was 11,995, and in 1881 it 
was 15,889. 

MARGHILAN, Baber’s MARGHINAN, 40° 287 N. lat., 
71° 45’ E. long., now the administrative centre of the 
Russian province of FERGHANA (q.v.), a very old town, 
with high earthen walls and twelve gates, commanded 
by the fort of Yar Mazar, lies in a beautiful and ex- 
traordinarily fertile district of the same name, irrigated 
by canals from the Shahimardan river. The heat in 
summer is excessive. Population about 40,000, chiefly 
Usbeg. The principal industry is the production and 
manufacture of silk ; camels’ hair and woollen fabrics 
are also made. The new Russian town, planned by 
General Skobeleff, is 15 versts distant. 

MARGUERITE pk Vators. The name Marguerite 
was common in the Valois dynasty, and during the 
16th century there were three princesses. all of whom 
figure in the political as well as in the literary history 
of the time, and who have been not unfrequently con- 
founded. The first and last are the most important, 
but all deserve some account. 

I. Marcurrire p’ ANGOULAME (1492-1549). This, 
the most celebrated of the Marguerites, bore no Jess 
than four surnames. By family she was entitled to 
the name of Marguerite de Valois; as the daughter of 
the Count d’Angouléme she is more properly and by 
careful writers almost invariably called Marguerite 
d’Angouléme. From her first husband she took 
during no small part of her life the appellation of 
Marguerite d’Alencon, and from her second, Henri 
d’ Albret, king of Navarre, that of Marguerite de Na- 
varre. She was born at Angouléme on the 12th Apvil, 
1492. and was two years older than her brother Francis 
I. She was betrothed early to Charles, Duke d’ Alen- 
gon, and married him in 1509. She was not very for- 
tunate in this first marriage, but her brother’s accession 
to the throne made her, with their mother Louise of 
Savoy, the most powerful woman of the kingdom. 
She became a widow in 1525, and was sought in mar- 
riage by many persons of distinction, including, it is 
said, Charles V. and Henry VIII. In 1527 she mar- 
ried Henri d’Albret, titular king of Navarre, who was 
considerably younger than herself, and whose character 
wag not faultless, but who seems on the whole, despite 
slander, to have both loved and valued his wife. a- 
varre was not reconquered for the couple as Francis 
had promised, but ample apanages were assigned to 
Marguerite, and at Nérac and Pau miniature courts 
were kept up, which yielded to none in Europe in the 
intellectual brilliancy of their frequenters. Marguerite 
was at once one of the chief patronesses of letters that 
France possessed, and the chief refuge and defender 
of advocates of the Reformed doctrines. Round her 
gathered Marot, Bonaventure Desperiers, Denisot, 
Peletier, Brodeau, and many other men of letters, 
while she protected Rabelais, Dolet, ete. For a time 
her influence with her brother was effectual, but lat- 
terly political rather than religious considerations made 
him discourage Lutheranism, and a fierce persecution 
was begun against both Protestants and freethinkers, 
a persecution which drove Desperiers to suicide and 
brought Dolet to the stake. Marguerite herself, how- 
ever, was protected by her brother, and her personal 
inclinations seem to have been rather towards a mysti- 
cal pietism than towards dogmatic Protestant senti 
ments. Nevertheless bigotry and the desire to tarnish 
the reputation of women of letters have led to the 
bringing of odious accusations against her character, 
for which there is not the smallest foundation. Mar- 
guerite died in 1549. By her first husband she had 
no children, by her second a son who died in infancy, 
and a daughter, Jeanne d’Albret, who became the 
mother of Henry IV. Although the poets of the time 
are unwearied in celebrating her charms, she does not, 
from the portraits which exist, appear to have been 
regularly beautiful, but as to her sweetness of disposi- 
tion and strength of mind there is universal consent. 


Her literary work has not yet been given entirely to the 
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world, but the printed portion ofit makes her a considerable 
figure in French literature. It conSists of the Heptameron, of 
poems entitled Les Marquerites dela Marquerite des Princesses, 
and of Letters. The Heptameron, constructed as its name 
indicates on the lines of the Decameron of Boccaccio, con- 
sists of seventy-two short stories told to each other by a 
company of ladies and gentlemen who are stopped in the 
journey homewards from Cauterets by the swelling of a 
river. It was not printed till 1558, ten years after the 
author’s death. Internal evidence is strongly in favor of 
its having been a joint work, in which more than one of 
the men of letters who composed Marguerite’s household 
took part. It is a delightful book, and strongly characteris- 
tic of the French Renaissance. The sensuality which 
characterized the period appears in it, but in a less coarse 
form than in the great work of Rabelais; and there is a 
poetical spirit which, except in rare instances, is absent 
from Pantagruel. The Letters are interesting and good. 
The Marquerites consist of a very miscellaneous collection 
of poems, mysteries, farces, devotional poems of considerable 
length, spiritual and miscellaneous songs, ete. Other 
poems, said to be of equal merit, are still unprinted, or have 
appeared only in part. 


II. The second MaraueritE (1523-1574), daughter 
of Francis I., married the duke of Savoy in 1559. She 
is noteworthy as having given the chief impulse at the 
court of her brother Henry II. to the first efforts of 
the Pléiade. . 

III. The third Mara@urrire (1553-1615), called 
more particularly Marguerite de Valois, was great- 
niece of the first and niece of the second, being daugh- 
ter of Henry II. by Catherine de’ Medici. She was 
born in 1553. When very young she became famous 
for her beauty, her learning, and the looseness of her 
conduct. She was married to Henry of Navarre, 
afterwards Henry LV., on the eve of St. Bartholo- 
mew’s Day. Both husband and wife were extreme 
examples of the licentious manners of the time, but 
they not unfrequently lived together for considerable 
periods, and nearly always on good terms. Later, how- 
ever, Marguerite was established in the castle of Usson 
in Auvergne, and after the accession of Henry the mar- 
riage was dissolved ‘by the pope. But Henry and Mar- 
guerite still continued friends ; she still bore the title of 
queen; she visited Marie de’ Medici on equal terms; and 
the king frequently consulted her on important affairs, 
though his somewhat parsimonious spirit was grieved 
by her extravagance. Marguerite exhibited during 
the rest of her life, which was not a short one, the 
strange Valois mixture of licentiousness, pious exer- 
cises, and the cultivation of art and letters, and died 
in 1615. She left letters and memoirs, the latter of 
which are admirably written, and rank among the best 
of the 16th century. She is the ‘‘ Reine Margot’’ of 
anecdotic history and romance. 


The best editions of the works of Marguerite d’Angou- 
1éme are—of the Heptameron, that of Leroux de Lincy, 3 
vols., Paris, 1855; of the Letters, that of Genin, Paris, 2 vols., 
1842-43 ; and of the Marquerites, that of Frank, Paris, 4 vols., 
1873; the Heptameron is also obtainable in several cheap 
editions. The Mémoires of Marguerite de Valois are con- 
tained in the collection of Michaud and Poujoulat, and have 
been published separately by Guessard, Lalanne, Caboche, 
ete. (G. SA.) 


MARIA THERESA (1717-1780), archduchess of 
Austria, queen of Hungary and Bohemia, and empress 
of Germany, was the daughter of the emperor Charles 
VI. of Austria, by his wife Hlizabeth Christina of 
Brunswick-Wolfenbiittel, and was born in Vienna on 
May 13, 1717. By the Pragmatic Sanction of 1713, a 
settlement which was guaranteed by the principal 
states of Europe, her father had regulated the succession 
in the imperial family ; and in 1724 accordingly, after 
the death of the archduke Leopold, her only brother, 
she was publicly declared sole heiress of the Austrian 
dominions. In 1736 she married Francis Stephen of 
Lorraine, who in the following year became grand-duke 
of Tuscany ; and on October 20, 1740, she came to the 
throne, her husband (emperor in 1745) being declared 
co-regent. The events of her reign have been briefly 
summarized under AUSTRIA (vol. ili., p. 111-113) and 
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Hunaary (xii. 385). She died at Vienna on Novem- 
ber 29, 1780. Of sixteen children whom she bore to 
Francis, ten reached maturity. Her sons were Joseph 
II., who succeeded his father as Holy Roman emperor 
in 1765; Leopold, grand-duke of Tuscany, afterwards 
the emperor Leopold II. ; Ferdinand, duke of Modena; 
and Maximilian, elector of Cologne. Of her daughters 
the best known is Marie Antoinette, the wife of Louis 
XVI. of France. 

MARIANA, JUAN DE (1536-1624), a celebrated - 
Spanish historian, was born of obscure parentage at 
Talavera de la Reina in 1536. He studied at the uni- 
versity of Alcalé, and was admitted at the age of 
seventeen into the Society of Jesus, where he soon ~ 
attracted notice by his brilliant talents and extensive 
acquirements. Called to the Collegium Romanum in 
1561, he there professed theology four years, and 
reckoned among his pupils Robert Bellarmine, after- 
wards the famous cardinal. He then passed into 
Sicily, where he remained for about two years, and in 
1569 he was sent to Paris, where his expositions of the 
writings of Aquinas attracted large audiences. In 1574 
the decline of his health compelled him to give up 
teaching, and he obtained permission to return to 
Spain ; the rest of his life was passed at the Jesuits’ © 
house in Toledo, in a vigorous literary activity which 
was interrupted only by the molestations to which his 
too great independence, liberality, and candor exposed 
him. He died on February 17, 1624. 

His great work Historizw de Rebus Hispaniz, first appeared 
in twenty books at ‘Toledo in 1592; ten books were subse- 
quently added (1605), bringing the work down to the acces- 
sion ot Charles V., and in a still later abstract of events 
the author completed it to the accession of Philip LY. in 
1621. It was so well received that Muriana was induced to 
translate it into Spanish. The first part of this in some re- 
spects new work (Historia de Espana) appeared in 1601; it 
was completed in 1609, and much enlarged and improved 
in three subsequent editions which appeared during the 
translator’s lifetime, It has been frequently reprinted since 
1624, both in Latin and in Spanish; and an English trans- 
lation by J. Stevens appeared in 1699, Mariana’s History is 
justly esteemed for the extent of the author’s researches, 
for the general accuracy of his acquaintance with the mate- 
rials at his command, for the sagacity of his reflections and 
characterizations, and above all for the merit of his style, 
which, in its simplicity, vividness, and directness, has de- 
servedly been compared to that of Livy. The modern 
student may regret but hardly blame the credulity with 
which in too many cases he has without the least attempt 
at historical criticism adopted the ‘ received traditions of 
his country.’’ Of the other works of Mariana, the most in- 
teresting is his treatise De Rege et Regis Institutione, of which 
the first edition, dedicated to Philip IIL, appeared at 
Toledo in 1599. In its sixth chapter the question whether 
it is lawful to overthrow a tyrant is freely discussed and 
answered in the aflfirmative,—a circumstance which 
brought much popular odium upon the Jesuits, especially 
after the assassination of Henry IY. of France in 1610. See 
Bayle’s Dictionnaire and Hallam’s Literary History, part ii. 
chap. iv. A volume entitled Tractatus VII. Theologici et 
Historici, published by Mariana at Cologne in 1609, contain- 
ing in particular a tract “On Mortality and Inmortality,” 
and another “De Mutatione Monete,’ was put upon the 
Index Expurgatorius, and led to the confinement and pun- 
ishment of its author by the Inquisition. During his con- 
finement there was found among his papers a criticism upon 
the Jesuits (De las Enfermedades de la Compania de Jesus y de 
sus Remedios), which was believed to have been written by 
him. It was not printed until after his death (1625). 


MARIAZELL, a village in the duchy of Styria, 
Austria, with about 1200 inhabitants, is very pictur- 
esquely situated in the valley of the Salza, amid the 
Styrian Alps. Its entire claim to notice lies in the fact 
that itis the most frequented sanctuary in Austria, 
being visited annually by about 100,000 pilgrims. The 
object of veneration-is a miracle-working image of the 
Virgin, carved in lime-tree wood, and about 18 inches 
high. This was presented to the place in 1157, and is 
now reverently enshrined in a chapel lavishly adorned 
with objects of silver and other costly materials. The 
large church of which the chapel forms part was erec- 
ted in 1644 as an expansion of a smnaller church built 
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in 1363 by Louis I., king of Hungary, after a victory 
over the Turks. It possesses four lofty towers. In the 
immediate vicinity of Mariazell there is a very large 
and important iron foundry, formerly worked by Goy- 
ernment, but now leased to a company. 

MARIE ANTOINETTE, JosEpne JEANNE(1755- 
1793), queen of France, was the fourth daughter of 
Maria Theresa and the emperor Francis I., and was 
born on the 2d November, 1755, on the day of the 


‘great earthquake at Lisbon, and in the year in which, 


the hereditary policy of enmity between the houses of 
France and Austria was changed to an alliance between 
them. From her earliest years she was destined by 
her mother to sustain this alliance, and was educated 
with a view to a marriage with a French prince, by the 
Abbé de Vermond, who was to have a great influence 
on her future life. In 1770 Choiseul negotiated her 
marriage to the young dauphin, which took place on 
May 16 with the greatest pomp, but which was soon 
overshadowed by a terrible accident in Paris at the 
féte given in honor of the marriage. The dauphine 
soon found her position very difficult; she was but 
fourteen, and was intended by her mother to support 
the Austrian alliance and Choiseul at the court of 
France. This use of her daughters for political pur- 
poses has been recently denied by Von Arneth, the 
able editor of Maria Theresa’s letters ; but a consider- 
ation of the letters themselves confirms the idea, which 
was at the bottom of Marie Antoinette’s unpopularity 
in France, that she was only an Austrian spy in a high 
position, She had hardly arrived at Paris, when her 
friend and the friend of the Austrian alliance, Choiseul, 
was dismissed from the ministry, and she was left 
alone to steer a difficult course by the advice of the 
Austrian minister, the Count de Mercy-Argentean, 
whose reports of her daily doings to Maria Theresa 
have been published. In May, 1774, Louis XV. died, 
and Marie Antoinette became queen of France. 
Through the first years of her reign she played a very 
important political part, but, except, as in the cases 
of Poland and the Bavarian succession, when her 
mother pressed her to maintain the alliance, she chiefly 
exerted her influence with regard to individuals, not 
to measures or policies. Thus she effected the dis- 
missal of Turgot, and, by the Abbé de Vermond’s ad- 
vice, the summons of Loménie de Brienne to the min- 
istry, not from political but from personal motives, 
and obtained enormous presents for her intimate friends 
without thinking that they were interested in her for 
selfish motives of their own. This political réle of 
hers, which was more than suspected, made her in- 
tensely unpopular to the French people and this feel- 
ing was increased by her social mistakes. Her ex- 
travagance in dress and her passion for the card-table 
had greatly incensed and disgusted her mother; and, 
when her mother’s death removed her only frank and 
hold adviser, she became more extravagant and more 
frivolous than ever. Her passion for play, her love of 
amusement, her intimacy with the Polignacs and their 
wild and dissipated society, her night visits to masked 
balls in Paris, and her favors to many officers of her 
guards and young foreigners at her court were the 
subject of ribald conversation in every coterie of Paris. 
The scandal of the diamond necklace, in which the 
queen was not to blame, spread her name with infamy 
all over France as if she had been guilty ; and among 
the people her extravagance was regarded as a potent 
cause of their poverty and want. Such was her un- 
popularity when the states-general met in May, 1789 ; 
she was believed to be debauched and dissipated, when 
her real faults were that she was frivolous and careless 
of public opinion, Austrian at heart, thoueh queen 
of France, and opposed to Necker as she had been to 
Turgot, and to all the reforms and economies her hus- 
band, Bonhomme Louis, was willing to institute. 
From July 14 onward Marie Antoinette headed the 
party of reaction and armed opposition to the Revolu- 
tion, and became unwittingly the means of her hus- 
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band’s unpopularity and downfall ; for she always had 
influence enough to prevent his carrying out the frank, 
honest policy of reform which he desired, but not 
enough to make him adopt hers in its stead, and is 
to blame for his vacillations in decisive moments. 
Left to himself, Louis would, from the beginning of 
his reign, have been a reforming king like Charles III. 
of Spain, and the great outbreak might have passed 
over. ‘To trace her policy minutely from 1789 to 1793 
is made very difficult by the numerous pretended let- 
ters of hers which have been published, and till re- 
cently believedin. She inspired the collection of foreign 
troops round Paris, contrary to the king’s opinion, and 
thus brought on the taking of the Bastille. She was 
present at the banquet at Versailles which caused the 
march of the women to Versailles and the transference 
of the royal family to Paris. When there, she still 
looked forward to undoing all that had been done, and 
would never frankly recognize her position. When 
brought into negotiation with Mirabeau, she refused 
to trust him or deal frankly with him. Had she done 
so, she would probably have established a strong con- 
stitutional government, but she would not have been 
the self-willed Marie Antoinette. He advised her to 
go with the king and royal family to some provincial 
capital, declare the royal adherence to all the early acts 
of the assembly, but declare also that its later acts were 
passed under constraint, and were null and void ; but 
she must not do two things—she must not fly towards 
the frontier, else she would be suspected of seeking 
foreign aid, and she must not depend on the army but 
the people. She would not act while Mirabeau was 
alive,—she was too independent to act by any one’s 
advice; but when he was dead she did what he had 
advised her not to do, fled towards the frontier, and to 
Bouillé’s army. The royal family were stopped at 
Varennes, and brought back to Paris, but from that 
time were regarded as traitors to France. She had 
yet two more chances. She might have thrown her- 
self into the hands of Barnave, Duport, and the con- 
stitutional party of the constituent assembly, who were 
ready to rally round their constitutional king, but she 
would not trust them or take their advice. When she 
was at the end of her power, when the Tuileries had been 
stormed, and she was in prison, and the republic pro- 
claimed, Dumouriez was ready, after his victory of 
Valmy, to turn his army on Paris, dissolve the Jaco- 
bins, and re-establish the old constitution, but she 
would not trust him. It was her last chance. When 
once the republic was proclaimed, it was evident that 
Louis must die both to cement its foundations and to 
remove a dangerous centre of reaction ; andin January, 
1793, Marie Antoinette became a widow, never to the 
last recognizing that she had sacrificed her husband to 
her obstinacy and self-will. Harrowing descriptions 
haye been given of her treatment in prison during the 
few remaining months of her life, but, though she was 
separated from her children, she had every material 
comfort, no less a sum than 1110 livres being spent on 
her food alone between August and October, at the 
rate of 15 livres a day. At last her trial came on,—a 
mock trial indeed, as all those of the time, for her exe- 
cution was determined before she came before the tri- 
bunal. Much has been said of the shameful charges 
made against her; but, shameful as they were, they 
were based on a confession made by her son, which, 
though probably forced from him and utterly false, was 
yet put in evidence. The trial was soon over, and on 
the same day, October 16, 1793, she was guillotined. 
It is hard to speak of Marie Antoinette with justice ; 
her faults were caused by her education and position rather 
than her nature, and she expiated them far more bitterly 
than was deserved. She was thoroughly imbued with the 
imperial and absolutist ideas of Maria Theresa, and had 
neither the heart nor the understanding to sympathize 
with the aspirations of the lower classes, Her love of 
pleasure and of display ruined both her character and her 
reputation in her prosperous years, and yet, after a careful 
examination of many of the libels against her, it may be 
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asserted with confidence that she was personally a virtuous 
woman, though always appearing to be the very reverse. 
Innocence is not always its own protection, and circum- 
spection is as necessary for a queen as for any other woman. 
Her conduct throughout the Revolution is heart-rending ; 
we, who live after the troubled times, can see her errors 
and the results of her pride and her caprice, but at the 
time she was the only individual of the royal family who 
could inspire the devotion which is always paid to a strong 
character. In the Marie Antoinette who suffered on the 
guillotine we pity, not the pleasure-loving queen, not the 
widow, who had kept her husband against his will in the 
wrong course, not the woman, who throughout her mar- 
ried life did not seruple toshow her contempt for her slow 
and heavy but good-natured and loving king, but the lit- 
tle princess, sacrificed to state policy, and cast uneducated 
and without a helper into the frivolous court of France, 
not to be loved, but to be suspected by all around her, and 
eventually to be hated by the whole people of France. 

For lives and memoirs of Marie Antoinette before 1863, as well 
as engravings of her, the student is referred to a complete and 
careful bio-bibliography, contained in M. de Lescure’s La Vraie 
Marie Antoinette, Paris, 1863. This work, however, contains many 
forged letters, purporting to be hers, and leads to the question of 
Marie Antoinette’s published letters. There can be no doubt 
that very many fabrications by autograph makers for autograph 
collectors are published as authentic in D’'Hunolstein, Correspond- 
ance inédite de Marie Antoinette, Paris, 1864; and in Feuillet des 
Conches, Louis XVI., Marie Antoinette, et Madame Elisabeth, lettres 
et documents inédites, Paris, 1865, The falsity of these letters was 
shown by Professor Von Sybel and by M. Geffroy in the Revue des 
Deux Mondes, and still more clearly in the latter’s appendix to his 
Gustave ITI. et la cour de France, Paris, 1867. To study Marie An- 
toinette as she really lived, the student must consult Von Arneth’s 
numerous publications on her and her mother and brothers, and 
particularly Arneth and Geffroy, Marie Antoinette: Correspondance 
secréte entre Marie-Thérése et le Comte de Mercy-Argenteau, Paris, 3 
vols., 1874, in which Marie Antoinette’s daily life for ten years, 
from 1770-80, is described for her mother's own eyes. For the 
affair of the necklace read Carlyle’s Essay, For her imprison- 
ment, trial, and execution, see Campardon's Tribunal Révolution- 
naire, vol.i,, and the same author’s Marie Antoinette a la Concier- 
gerie, Paris, 1863, (H. M. 8.) 


MARIE DE FRANCK is one of the most interest- 
ing figures in the literary history of the Middle Ages. 
She is also one of the most mysterious. Nothing is 
known of her except from her own statements, which 
amount to little more than that her name was Marie and 
her country France, that she dedicated one of her 
works to an unnamed king, and another to a certain 
Count William. She is mentioned by Denis 
Pyramus, who was her contemporary, and who 
gays that she was very popular, but gives no Hie 
particulars. Attempts have been made to identify [230 
conjecturally the king and the count,—the most Bex 

robable hypotheses being that the former was = 
Hiv II. of England, and the latter William [t, 
Longsword of Salisbury; that is to say, Marie |‘ 
lived in the first half of the 13th century, and |§ 
rather towards the beginning than the end of that 
half. Her work which remains to us is entirely 
poetical, and by no means inconsiderable in ex- 
tent. It falls naturally into three divisions. The 
first consists of /ais or narrative poems in octo- 
syllabic couplets. There are fourteen of them, 
the titles being Gugemer, Lquitan, Le Fréne, 
* Le Bisclavaret, Lanvul, Les deux amants, 
Ywenec, Le Laustic (‘‘the Nightingale’’), 
Milon, Le Chaitivel (“the Unhappy One’’), 
Le Chevrefewille, Eliduc, Graelent, I’ Hpine. 
The longest of these contains nearly twelve hun- 
dred lines; the shortest only just exceeds a hun- 
dred. The term /ai is of Breton origin, and is 
believed to have had reference originally to the 
kind of music to which it was performed. But 
in Marie it is simply a short romance, generally 
of an amatory character. The merits of these 
poems are very great. They have much tender- 
ness and delicacy of expression, flowing and 
melodious verse, and not a little descriptive 
power. The dialect is decidedly Norman in char- 
acter, and English words occasionally occur, 
but are invariably explained in French. Some of 
these poems were paraphrased by the late Mr. 
O'Shaughnessy in his Lays of France (London, 


1872), but the translator indulged to such an ex- | 
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tent in amplification that the effect is very dis- 
similar to that of the original. The second division 
of Marie’s work is of less poetical but of greater 
general interest. It consists of an Ysopet (a general 
term in the Middle Ages for a collection of fables) of 
one hundred and three fables, of which Marie tells us 
that Henry Beauclerk translated it from Latin into 
English, and that for the love of Count William, ‘‘ the 
most valiant of this realm,’’ she herself rhymed it 
from English into French. 'The fables are exceedingly 
well told, with a liveliness, elegance of verse, and 
ingenious aptness of moral which make Marie a worthy 
forerunner of La Fontaine. The question has been. 
debated whether the great fabulist was acquainted 
with her work. All that can be said is that, though 
it is by no means impossible, and from internal evidence 
not even wholly improbable, it cannot be said to be 
very likely. The third of Marie’s works is a poem of 
two thousand three hundred verses, describing the 
purgatory of Saint Patrick, written at the request of 
an unidentified ‘‘prudom,’’ or man of worship. Ma- 
rie has been longer and better known than most of the 
poets of medizeval Trance, and perhaps she has been 
relatively a little overvalued, but io positive excellence 
is very considerable. Her style is a good example of 
the pure and highly organized language of the 13th 
century ; and despite its great age it can be read by 
any person acquainted with modern French with avery 
geal expense of attention, and with but slight use of 
glossaries. 

The standard edition of Marie’s works is by B. de Roque- 
fort, 2 vols., Paris, 1820. 


MARIENBAD, one of the prettiest and most 
frequented watering-places on the Continent of Hurope, 
with a station (about 1} miles §.E. of the town) on 
the Kaiser Franz Josephs Railway, lies in a pleasant 
valley in the district of Tepl, in the northwest of 
Bohemia, about 18 miles south of Carlsbad, and nearly 
2000 feet above the level of the sea. The gently- 
sloping hills which enclose it on all sides except the 
south are picturesquely wooded with fragrant- pine 
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forests. The town has an attractive and clean appear- 
ance, and is amply provided with buildings for the 
lodging and amusement of its thirteen thousand an- 
nual visitors, including a theatre and a large kurhaus. 
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The handsome Roman Catholic church and the taste- 
ful little English church are among the chief ornaments 
of the place. ‘The springs resemble those of Carlsbad, 
except that they are cold, and contain nearly twice the 
quantity of purgative salts. The water is used both 
internally and externally, and is deemed efficacious 
in disorders of the stomach and other organs, skin 
diseases, gout, and nervous complaints. About one 
million bottles are annually exported. The curative 
appliances of Marienbad also include the use of goats’ 
milk whey, and peat, pine-cone, and gas baths. The 
climate is healthy and bracing, the mean annual tem- 
perature being about 45° Fahr. ‘he springs of Ma- 
rienbad, though previously used by the peasantry of 
the district, first came into general notice about the 
beginning of this century through the instrumentality 
of Dr. Nehr, to whom a monument was erected here 
in 1857. They belong to the rich abbey of Tepl, which 
lies about 9 miles to the east. The permanent popu- 
lation of Marienbad was 2009 at the census of 1880. 

MARIENBURG (in Polish, Malborg), the chief 
town of a circle in the district of Dantzic, Prussia, lies 30 | 
miles to the southeast of Dantzic, ina fertile plain on the 
right bank of the Nogat, a channel of the Vistula, 
here spanned by a handsome railway bridge and by a| 
bridge of boats. Marienburg contains a large chemi- 
cal wool-cleaning work and several other factories, 
carries on a considerable trade in grain, wood, linen, 
feathers, and brushes, and is the seat of important | 
cattle, horse, and wool markets. Its educational in- | 
stitutions include a gymnasium and a Protestant normal 
school. In the old market-place, many of the houses | 
in which are built with arcades in the Italian style, | 
stands a Gothic town-house, dating from the end of | 
the 14th century. The town is also embellished with 
a good statue of Frederick the Great, who added this 
district to Prussia, and a monument commemorating 
the war of 1870-71. The population in 1880 was 
9559. Marienburg is chiefly interesting from its hay- 
ing been for a century and a half the residence of the 
grand masters of the Teutonic order. The large cas- | 
tle of the order here was originally founded in 1274 | 
as the seat of a simple commandery against the pagan 
Prussians, but in 1309 the headquarters of the grand , 
master were transferred hither trom Venice, and the 
““Marienburger Schloss’’ soon became one of the 
largest and most strongly fortified buildings in Ger- | 
many. On the decline of the order in the middle of | 
the 15th century, the castle passed into the hands of 
the Poles, by whom it was allowed to fall into neglect 
and decay. Jt came into the possession of Prussia in_ 
1772, and was carefully restored at the beginning of 
the present century. This interesting and curious 
building consists of three parts, the Alte or Hohe} 
Schloss, the Mittel Schloss, and the Vorburg. It is 
built of brick, in a style of architecture peculiar to the | 
Baltic provinces, and is undoubtedly one of the most, 
important secular buildings of the Middle Ages in 
Germany. | 

Of the numerous monographs published in Germany on 
the eastle of Marienburg, it will suffice to mention here | 
Biisching’s Schloss der Deutschen Ritter zu Marienburg, Berlin, 
1828; Voigt’s Geschichte von Marienburg, Konigsberg, 1824; , 
and Bergau’s Ordenshaupthaus Marienburg, Berlin, 1871. 


MARIETTA, a city of the United States, the capi- 
_talof Washington county, Ohio, lies on the right bank of 
the Ohio, at the mouth of the Muskingum, 85 miles 
southeast of Columbus, and is the eastern terminus of , 
the Marietta and Cincinnati Railroad, and the southern 
terminus of the Cleveland and Marietta Railroad. 
The surrounding country being rich in petroleum, iron, 
and coal, the city has become the seat of no incon- 
siderable industry in the shape of oil-works, iron-foun- 
dries, and machine-shops, a rolling mill, tanneries, and 
carriage, car, bucket, and chair factories. Marietta 
College, chartered in 1835, and maintained by volun- 
tary endowment and subscription, is a flourishing 


institution, with eight instructors anda library of 25,- 
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000 volumes, occupying a fine group of buildings in 
the midst of extensive grounds. The population of 
the city has risen from 3175 in 1850 to 5444 in 1880. 
At the latter date the township, which includes the 
village of Harmar (1572), contained 8830 persons. 


Marietta, founded in 1788 by General Putnam, and 
named in honor of Marie Antoinette, is the oldest town in 
Ohio. It is built on the site of a remarkable group of pre- 
historic monuments, the largest of which are two enclo- 
sures, respectively 40 and 20 acres in extent, formed by 
walls from 20 to 30 feet broad at the base, and still in some 
places 5 and 6 feet high. See Squier and Davis, Ancient 
Monuments of the Mississippi Valley. 


MARIETTE, Auacuste FERDINAND FRANocOIS, 
elder son of Krangois P. Mariette, advocate and town- 
clerk of Boulogne-sur-Mer, was born in that town on 
the 11th of February 1821. Kdueated at the Boulogne 
municipal college, he distinguished himself in geom- 
etry, physics, chemistry, history, Latin, Greek and 
English. He also evinced a remarkable talent for art. 
In 1839, when but eifhteen years of age, he went to 
England in the capacity of professor of French and 
drawing at a boys’ school at Stratford-on-Avon, which 
occupation he exchanged in 1840 for that of pattern- 
designer to aribbon manufacturer at Coventry. Weary 
of ill-paid exile, he returned that same year to Bou- 


| logne, resumed his interrupted studies, and in March 


1841 took his bachelor’s degree (with honorable men- 
tion) at Douai. He now became a professor at the 
college where he had formerly been a student, and for 
some years supplemented his modest salary by giving 
private lessons, and writing on historical and archzeo- 
ogical subjects for various local periodicals. In the 
meanwhile his cousin, Nestor L’ Hote, the friend and fel- 
low-traveller of Champollion, died ; and upon Auguste 
Mariette devolved the pious task of sorting the multi- 
tudinous papers of the deceased savant. The young 
man thenceforth became passionately interested in 
Egyptology, devoted himself to the study of hiero- 
glyphs and Coptic, and in 1847 published a Catalogue 
Analytique of the Keyptian Gallery of the Boulogne 
Museum. He had now found his vocation, and in 
1849, being appointed to a subordinate position in the 
Louvre, left Boslbené for Paris. Hntrusted shortly 
after with a Government mission for the purpose of 
seeking and purchasing Coptic, Syriac, Arabic, and 
Kthiopic MSS. for the national collection, he started 
for Egypt in 1850. Soon after his arrival he made 
his celebrated discovery of the ruins of the Serapeum 
and the subterraneous catacombs of the Apis-bulls, 
buried for probably some two thousand years under 
the sands of the Libyan desert (see vol. vil, p. 670). 
His original mission being abandoned, funds were now 
advanced for the prosecution of his researches, and he 
remained in Kgypt for four years, excavating, discov- 
ering, and dispatching archzeological treasures to the 
Louvre, of which museum he was, on his return, ap- 
pointed an assistant conservator. In 1858, by permis- 
sion of his own Government, he accepted the position 
of conservator of Hegyptian monuments to the ex- 
khedive, Ismail-Pasha, and so removed with his fam- 
ily to Cairo. His history thenceforth becomes a chron- 
icle of unwearied exploration and brilliant success. The 
pyramid-fields of Memphis and Sakkara, and the 
necropolises of Meydum, Abydos, and Thebes, were 
ransacked for sepulchral treasures ; the great temples 
of Denderah and Edfoo were disinterred, and, with 
their tens of thousands of inscriptions and bas-reliets, 
restored to the light of day; important excava~ 
tions were carried out at Karnak, Medinet- 
Habu, and Deir-el-Bahari; Tanis (the Zoan of 
the Bible) was partially explored in the Delta; 
and even Gebel Barkal in the far Soudan was made 
to yield monuments of the Ethiopic kings. The 
Sphinx was also bared to the rock-level, and the famous 
granite and alabaster monument miscalled the ‘‘'lem- 
ple of the Sphinx’? was discovered. In the mean- 
while Mariette, raised successively to the rank of bey 
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and then of pasha, had founded the “ Ecole Frangaise 


d’EKgyptologie’’ and the ‘‘Institut Egyptien,’’ and 
created ab ovo the museum at Bulak, the richest and 
by far the most interesting Egyptian collection in the 
world. Honors and orders were showered upon him. 
Poor in purse but rich in fame, he received in 1852 the 
grand cross of the Legion of Honor and of the Medji- 
die, in 1855 the Red Kagle (first class) of Prussia, in 
1857 the Italian order of SS. Maurice and Lazarus, 
and in 1858 the Austrian order of Francis-Joseph. In 
1873 the Academy of Inscriptions decreed to him the 
great biennial prize of 20,000 francs, and in 1878 he 
was elected a member of the Institute. He was also 
an honorary member of most of the learned societies 
of Kurope. Though of hereulean strength and in- 
domitable energy, he was not proof against overwork 
of all kinds, physical, mental, and official. Prostrated 
in 1877 by a first attack of the insidious malady from 
which only death released him, he lingered for a few 
years, working to the last, and died at Cairo, January 
19, 1881. His remains, enclosed in an ancient Heyp- 
tian sarcophagus chosen by himself for that purpose, 
are interred within the precincts of the museum-gar- 
den at Bulak, facing the entrance to that unrivalled 
collection which is his own noblest monument. 

Of Mariette’s numerous and important contributions to 
the literature of Egyptology, we may here especially note 
the following works, which are not only distinguished for 
their erudition and accuracy, but for the exquisite grace 
of style with which they are written :—Le Sérapéwm de 
Memphis, folio, 1857 and following years; Dendérah, five 
folios and one 4to, 1873-75; Abydos, two folios and one 4to, 
1870-80 ; Karnak, folio and 4to, 1875; Deir-el-Bahari, folio 
and 4to, 1877; Listes géographiques des pylénes de Karnak, 
folio, 1875; Catalogue du Musée de Boulag, six editions, 1864— 
76; Apergu de Vhistoire d' Egypte, four editions, 1864-74, etc. 
His last, and one of his most important works, Les Mastabas 
de V Ancien Pmpire, text and illustrations facsimiled from 
the original MSS., folio, is now in course of publication, 
edited by Professor G. Maspero. 


MARIGNOLLI Giovanni Dr’, a notable traveller 
to the far Hast of the 14th century, born probably 
prior to 1290, and sprung from a noble family in Flor- 
ence. The family is long extinct, but a street near 
the cathedral (Via de’ Cerretani) formerly bore the 
name of the Marignolli. 

In yol. v. pp. 546-547 some account has been given 
of the extraordinary episode of intercourse between 
Kurope and China in the first half of the 14th cen- 
tury. In 1338 there arrived at Avignon, where Bene- 
dict XII. held his court, an embassy from the great 
khan of Cathay, bearing letters to the pontiff from 
the khan himself, and from certain Christian nobles 
of the Alan race in his service. These latter repre- 
sented that they had been eight years without a 
spiritual guide, and earnestly desired one. The pope 
replied to the letters, and appointed four ecclesiastics 
as his legates to the khan’s court. The name of 
Marignolli, a Franciscan of some repute for learning, 
appears, as John of Florence, third on the letters of 
commission. We know not what became of his col- 
leagues; he was the chief if not the sole envoy who 
actually went. 

The mission left Avignon in December, 1338, picked 
up the Tartar envoys at Naples, and sailed across the 
Black Sea to Caffa, whence they travelled to the court 
of Mohammed Uzbek, khan of the Golden Horde, at 
Sarai on the Volga. ‘The khan entertained them 
hospitably during the winter of 1339-40, and then 
sent them across the steppes to Armalec or Almaligh, 
the northern seat of the house of Chaghatai, in what 
is now the province of Ili. ‘‘ There,’’ says Marignolli, 
‘‘we built a church, bought a piece of ground... . 
sung masses, and baptized several persons, notwith- 
standing that only the year before the bishop and six 
other minor friars had there undergone glorious mar- 
~ tyrdom for Christ’s salvation.”’ Quitting Almaligh in 
1341, they seem to have reached Peking (by way of 
Kamil or Hami) in May or June, 1342. They were 
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well received by the reigning khan, the last of the 
Mongol dynasty in China. 

“The grand kaam, when he beheld the great horses (dexr- 
trarios) and the pope’s presents, with his letter, and that 
of King Robert (of Naples) too, with their golden seals, 
and when he saw us also, rejoiced greatly, being delighted, 
yea exceedingly delighted with everything. . And 
when I entered into the kaai’s presence, it was in full 
festival vestments, with a very fine cross carried before me, 
and candles and incense, whilst Credo in unum Deum was 
chaunted, in that glorious palace where he dwells. And 
when the chaunt was ended, I bestowed a full benediction, 
which he received with all humility.” 

An entry in the Chinese annals fixes the year of - 
Marignolli’s presentation by its mention of the arrival 
of the great horses from the kingdom of Fulang (/a- 
rang or Kurope), one of which was 11 feet 6 inches in 
length, and 6 feet 8 inches high, and black all over! 

Marignolli stayed at Peking or Cambalee three or 
four years, after which he travelled through eastern 
China to Zayton or CHINCHEW (q.v.), quitting China 
apparently in December, 1347, and reaching Columbum 
(Kaulam or Quilon in Malabar), in Easter week of 
1348. At this place he found a church of the Latin 
communion, probably founded by Jordanus of Séverac, 
who had been consecrated bishop of Columbum by 
Pope John XXII. in 1328. Here Marignolli remained 
sixteen months, after which he proceeded on what 
seems a most devious voyage. Tirst he visited the 
shrine of St. Thomas near the modern Madras, and 
then proceeded to what he calls the kingdom of Saba, 
and identifies with the Sheba of Scripture, but which 
seems from various particulars to have been Java. 
‘Taking ship again for Malabar on_his way to Europe, 
he encountered great storms, of which he gives an im- 
aginative account :— 

. . . . “The sea as if in flames, and fire-spitting drag- 
ons flying by, which, as they passed, slew persons on board 
the other junks, whilst ours remained untouched, by 
God’s grace, and by virtue of the Body of Christ which I 
carried with me, and through the merits of the glorious 
Virgin and of St. Clare.” 

They found shelter in the little port of Pervilis 
(Beruwala or Berberyn) in the southwest of Ceylon; 
but here the legate fell into the hands of ‘‘a certain 
tyrant Coya Jan (Khoja Jah4n) an eunuch and an 
accursed Saracen,’’ who professed to treat him with all 
deference, but detained him four months, and plun- 
dered all the gifts and Eastern rarities that he was 
carrying home. ‘The detention in ‘‘ Seyllan’’ enables 
Marignolli to give a variety of curious particulars re- 
garding Adam's Peak and other marvels. After this 
we have only fragmentary notices, showing that his 
route to Europe lay by Ormuz, the ruins of Babel, 
Baghdad, Mosul, Aleppo (‘‘ where there were many 
Christians who dressed after the Latin fashion, and 
spoke a language very near the French; at any rate, 
like the French of Cyprus’’), and thence to Damascus 
and Jerusalem. In 1353 he arrived at Avignon, and 
delivered a letter from the great khan to Pope Innocent, 
VI. In the following year the emperor Charles IV., 
on a visit to Italy, made Marignolli one of his chap- 
lains. Soon after, the pope made him bishop of 
Bisignano; but he seems to have been in no hurry to 
reside there. He appears to have accompanied the 
emperor to Prague ; «in 1356 he is found acting as envoy 
to the pope from Florence; and in 1357 he is at Bo- 
logna. We know not when he died. The last trace 
of Marignolli is a letter addressed to him, which was 
found last century among the records in the Chapter 
Library at Prague. The writer is an unnamed bishop 
of Armagh, easily identified with Richard Fitz Ralph, 
a strenuous foe of the Tranciscans, who had broken 
lances in controversy with Ockham and Burley. The 
letter implies that some intention had been intimated 
from Avignon of sending Marignolli to Ireland in con- 
nection with matters then in debate. The wrath of 
Fitz Ralph is sorely stirred at this, and he brandishes 
the shillelah in a style of energetic metaphor very 
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like what we have been used to from like quarters in 
later days. 


Fitz Ralph’s contemptuous language had probably a good 
deal of foundation. The fragmentary notes of Marignolli’s 
Eastern travels often contain most vivid remembrance and 
graphie description, but combined with an incontinent 
vanity, and an incoherent lapse from one thing to another, 
matched by nothing in literature but the conversation of 
Mrs. Nickleby. They have no claim to be called a narra- 

. tive, and it is with no small pains that anything like a nar- 
rative can be pieced out of them. Indeed the mode in 
which they were elicited curiously illustrates how little 
medizval travellers thought of publication. The emperor 
Charles, instead of urging his chaplain to write a history 
of his vast journeys, set him to the repugnant task of re- 
casting the annals of Bohemia; and he consoled himself by 
salting the insipid stuff by interpolations, @ propos de bottes, 
of his recollections of Asiatic travel. 

Nobody seems to have noticed the work till 1768, when 
the chronicle was published in vol. ii. of the Monwmenta 
Hist. Bohemiz nusquam antehac edita by Father Gelasius Dob- 
ner. But, though Marignolli was thus at last in type, no 
one seems to have read him till 1820, when an interesting 
paper on his travels was published by J. G. Meinert. The 
late Professor Kunstmann of Munich also devoted to the 
subject one of a series of very intelligent papers on the 
ecclesiastical travellers of the Middle Ages. And the whole 
of the passages bearing on the journey were excerpted, 
translated, and commented on by Col. H. Yule in a collec- 
tion printed in 1866. 

Monumenta Historica, ete., collegit, ete., P. Gelasius Dobner aS, 
Catherina, tom. ii., Prague, 1768; Meinert, in Abhandl. der K. Bohm. 
Gesellsch. der Wissenschaflen, vii.; Kunstmann, in [Historische Poli- 
lische Bildtlern von Phillips und Gorves, BA, xxxviii. pp, 701,793, 
Munich, 1859; Wadding, Annales Minorum, vii.; Sbaralea, Sup- 
plem. et Castigatio ad Scriptoves Trium Ordd. 8S. Franciscit a Wad- 
dingo, Rome, 1806; Cathay and the Way Thither, Hak. Soc., ve ' 

(H. Y. 

MARIGOLD. This name has been given to several 
plants, of which the following are the best known :— 
Calendula officinalis, L., the pot-marigold; Vagetes 
erecta, L., the African marigold; 7. patula, L., the 
French marigold; and Chrysanthenum segetum, the 
corn marigold. All these belong to the order Com- 
posite ; but Caltha palustris, ., the marsh marigold, 
is a ranunculaceous plant. 

The first-mentioned is the familiar garden plant with 
large orange-colored blossoms, and is a native of the 
meadows of southern Hurope (DC., Prod., vi. p. 451). 
It is unisexual, the ‘‘ray’’ florets being female, the 
“‘disk’”’ florets male. This and the double variety 
have been in cultivation for at least three hundred 
years, as well as a proliferous form, (. prolifera, or the 
“fruitful marigolde’’ of Gerard (/erball, p. 602), in 
which small flower-heads proceed from beneath the 
circumference of the flower. The figure of ‘‘the 
greatest double marigold,’ C. multiflora maxima, 
given by Gerard (/.c., p. 600) is larger than most speci- 
mens now seen, being 3 inches in diameter. He re- 
marks of ‘“‘ the marigolde”’ that it is called Calendula 
‘fas it is to be seene to flower in the calends of almost 

-euerie moneth.’’ It was supposed to have several 
specific virtues, but, they are now discredited. ‘‘ The 
-marigold, that goes/to bed wi’ the sun,’’ is mentioned 
by Shakespeare, Winter's Tule, iv. 3. 

Tagetes patula, L., and 7. erecta, L. (DC., Prod., 
y. p. 643), the French and African marigolds, are 
natives of Mexico, and are equally: familiar garden 

lants, having been long in cultivation. Gerard figures 
Pout varieties of: fos africanus, of the single and 
double kinds (/.¢., p. 609); but they do not appear to 
be specifically distinct; indeed Parkinson (far., p. 
303, 1629) regarded them as one. Besides the above 
species the following have been introduced later, 7’ 
lucida, Cay., T. signata, also from Mexico, and 7. 
tenuifolia, Cav., from Peru (Hemsley’s Handbook of 
Hardy Trees, etc, p. 247). 

Chrysanthemum segetum, L., the yellow corn mari- 
gold, is indigenous to Great Britain, and is frequent 
in corn-fields in most parts of England. A decoction 
of the fresh plant gathered before flowering is acrid, 
and is said to be useful medicinally. When dried it 
has been employed as hay. Itis also used in Ger- 
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many for dyeing yellow (Baxter, Brit. Gen. of P1., 
vol. iv. 306). Gerard observes that in his day ‘‘the 
stalke and Jeaues of Corne Marigoide, as Dioscorides 
saith, are eaten as other potherbes are.’’ 

Caltha oe L., the marsh marigold, the 
‘“winking Mary-buds’”’ of Shakespeare (Cymb., ii. 3), 
is a common British plant in marshy meadows and be- 
side water. It bears cordate leaves, the flowers having 
a golden yellow calyx but no corolla, and blossoming 
in March and April. ‘The flower-buds preserved in 
salted vinegar are a good substitute for capers. A 
double-flowered variety is often cultivated and is occa- 
sionally found wild (Baxter, /.c., vol. ii. 153). 

MARINES. With all maritime nations, especially 
if they be insular and capable of taking the offensive 
in war, there must frequently be cases in which naval 
operations can be supplemented by the landing of a 
force. The armament, equipment, and discipline of 
the armies and navies of such nations were in early 
days practically alike. But with the introduction of 
more regular levies and better organization arose the 
necessity for having on board ships-of-war an armed 
body organized to meet the altered condition of things. 
Sailors were but engaged for periods during which 
ships were commissioned; and their previous history 
anit training did not tend to furnish the material re- 
quired. Regular armies on shore called for disciplined 
forces afloat,—that is to say, for marines, or sea sol- 
diers, who should have the steadiness of the troops of 
the line, be accustomed to the peculiar duties of ship 
life. and be subordinate to the naval authorities. 

Previous to 1664 the British navy had been manned 
chiefly by ‘‘impress ;’’ but in that year an order in 
council appeared, authorizing the formation of a force 
of 1200 solicits In six companies, to be raised for sea 
service during the Dutch War. Probably it was re- 
cruited from the London Trained Bands, as the Royal 
Marines, with the 3d battalion of the Grenadier 
Guards, the Hast Kent Regiment, and the Royal 
London Militia, alone possess the privilege of march- 
ing through the city with colors flying and bayonets 
fixed. Recruits were also obtained from the foot 
euards; and in 1672 companies of the guards were em- 
ployed on shipboard. The Army List of 1684 shows 
for the first time the organized battalion of marines, 
in H.R.H. the duke of York and Albany’s maritime 
regiment of foot or ‘‘ Admiral’s Regiment,’’ which, in 
that year, mustered on Putney Heath twelve com- 
panies, with a full: proportion of officers. ‘This stood 
third in seniority in the line, and eventually became 
the Coldstream Guards; the 4th, or ‘‘ Holland Regi- 
ment,’’ which also sent companies to sea, and had like 
the above regiment been raised by the City of London, 
taking its place as 3d or ‘‘ Old Buffs.””. Several other 
maritime regiments were successively formed and dis- 
banded, until, in 1702, Queen Anne directed the addi- 
tion to the army of six regiments as a marine corps, 
while six existing regiments were also appointed ‘‘ for 
sea service.’’ These were done away with in 1714, 
three only being retained, as the 30th, 3lst, and 32d 
of the line. Independent companies, for service inthe 
West Indies, were also formed, becoming in 1742 the 
49th foot. In 1739 six fresh regiments were levied, 
and augmented in 1742 to ten, of 1000 men in ten 
companies each; while three others were collected in 
America for colonial duty. Though commanded by 
generals and colonels of the army, they were to be 

uartered in the neighborhood of the dockyards at 
ortsmouth, Sheerness, Chatham, Deptford, Wool- 
wich, and Plymouth; and the proportion of officers, 
viz., 100 men with a captain to twenty with a sub- 
altern, was fixed for the different classes of vessels. 
No field officer was embarked unless a full battalion, 
were sent. In 1745 two other battalions were specially 
raised for service at Cape Breton, becoming finally the: 
50th and 5lst foot ; and in 1746 the ten regiments were 
restored to the army, taking rank from the 44th to the 
53d. Previous to their disbandment as marines they 
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had been partially under the. orders of the lord high 
admiral. 

By an order in council of 1755 a force of 5000 men 
in 50 companies was raised and definitely placed under 
the naval authorities. ‘They were to be stationed at 
Chatham, Portsmouth, and Plymouth, the 4th’ or 
Woolwich division not being added until 1805; and 
this body was gradually increased to 19,000 men in 
1762, but reduced in 1763 to about 4000. Commissions 
ceased to be purchasable, but exchange with the army 
was, for a time, sanctioned. Naval admirals and cap- 
tains were appointed generals and colonels of marines 
in 1760, in consequence of a representation from the 
commandants of divisions. that there was an insufficient 
number of field officers ‘‘ for the discipline of the ser- 
vice.”’ ‘This absurd anomaly existed until 1833, when 
these useless sinecures were abolished. 

The revolt of the American colonies in 1775 led, 
again, to an increase in the establishment, which by 
1783 had reached 25,291 men,—followed by a reduction 
to 4495 the ensuing year. So urgent was the demand 
for marines during the struggle that men were fre- 
quently embarked untrained ; ; yet, so popular was the 
service, they still ‘recruited better in every part of 
the island’’ than the army. Owing to this unwise 

olicy of reduction, the force, on the outbreak of the 
Heck War in 1793, had to be supplemented, as for- 
merly, by companies from the line; and at its conclu- 
sion the marine corps again reached a total strength of 
more than 30,000 men. But there had been differences 
between the military and naval authorities as to the 
employment of soldiers from the army; so that from 
1815, when the numbers again fell to about 6000, 
there has been a steady increase, until an establishment 
suitable to the wants of the navy has been fixed. 
During the long war, moreover, the necessity for the 
formation of a body of marine artillery had become in- 
creasingly apparent. The services of marines in this 
capacity had been previously demanded during the 
American War, when they were employed in the half. 
moon battery and citadel at-Halifax, and elsewhere in 
batteries on shore, as some of them had been ‘‘ trained 
in the service of great guns’’ by Lieutenant Gillespie 
of the Royal Artillery. By an order in council of the 
18th August, 1804, therefore, ‘‘in consequence of the 
inconvenience of embarking the Royal Artillery,” it 
was directed that one company of marine artillery, 
composed of the most intelligent and experienced offi- 
cers and men, should be formed at each division to be 
employed for the training of the infantry, so as to em- 
bark efficient artillerymen in other vessels besides 
‘“bombs.’’ This force suffered a reduction to two 
companies in 1822, since which date it also has been 
steadily increased; and in 1862 the artillery companies 
were separated from the light infantry and formed into 
a separate division at Fort Cumberland, Portsmouth, 
whence the headquarters were transferred to Hastney 
in 1869. In 1869 the Woolwich division was abolished, 
a depét for the training of recruits being formed at 
Walmer. At present the Royal Marine force numbers 
48 companies of infantry and 16 of artillery, showing 
a total force of 2532 artillery and 9862 infantry, at an 
expenditure of £913,456. 


Each division ef Royal Marines has a total force of 16 
companies, with a colonel commandant, second commandant, 
4 lieutenant-colonels, 14 majors, 20 captains, and 42 subal- 
terns, inclusive of the divisional staff of instructors of 
gunnery, musketry, etc. The headquarter staff, in London, 
consists of a deputy and an assistant adjutant- general, etc. ; 
and there are, in addition, three generals, three lieutenant. 
generals, and six major-generals on the active list. The 
men are recruited by special parties; they are enlisted for 
twelve years, with permission to re-engage for nine more. 
All recruits undergo their preliminary training at Walmer, 
and are then drafted to the several divisions,—those who 
reach a higher standard being allowed to volunteer for the 
artillery. Thestandard for infantry and artillery, and the 
‘system of pay, equipment, pension, and divisional adminis- 


‘tration, are similar to those of the line and Royal Artillery | 


‘respectively. Officers are obtained by open competition 
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from the pass-lists for entrance to the Military Academy, 
Woolwich, and the Royal Military College, Sandhurst. The 
successful infantry candidates are drafted to their several 
divisions, and undergo a course of instruction under the 
military instructor to the corps,—those for the artillery re- 
ceiving a special training for two years at the Royal Naval 
College, Greenwich. 

The Royal Marines, reckoning as part of the naval forces, 
are accounted for in the navy estimates; though the names’ 
of the officers appear both in the Army and Navy Lists, 
They are particularized in the Army Act as subject to mili- . 
tary law at stated times, serving on shore under the Act 
and the regulations in force in the garrisons, where they 
perform the same duties as the land forces. Afloat they are 
subject to the Naval Discipline Act; and a Marine Mutiny . 
Act was formerly passed annually for the ‘regulation of 
Her Majesty’s Royal Marine forces while on shore,” stating 
that they were under the direction of the lord high admiral, 
etc. On board ship their duties are of a purely military 
character, being confined to guard mounting, assisting to 
man boats for shore operations, and helping to form the 
crews for the heavy guns. ‘Though under the supreme 
command of the naval authorities, they are only obliged to 
aid in work on deck, and when landed are entirely com- 
manded by their own officers. 

The war services of the corps are so numerous that they can 
be but briefly referred to. First employed at Cork in 1690, 
they have been present in nearly all the actions in which 
the navy has since then been engaged ; and between that 
date and 1800 they took part in 227 sea fights and 70 im- 
portant operations on shore. At Gibraltar and Manila, at 
Belleisle and Bunker’s Hill, at Negapatam, the Cape, and 
Acre, they earned the special commendation of the leaders, 
as well as for Lord Howe’s victory, and the great sea fights 
of Camperdown, Cape St. Vincent, and the Nile. Nor were 
their enemies backward in recognizing their worth. At 
Belleisle the French, in describing the troops whose valor 
had been most conspicuous, designated the battalions of 
marines “les petits grenadiers”; and at Acre General 
Berthier bore testimony to the conspicuous gallantry of 
Major Oldfield, who fell in the attack on the fortress. 
From 1800 to 1815 they saw constant service in 99 coast 
operations and 142 nayal actions. After the landing at 
Aboukir Bay in 1801 the ‘‘ Bull Dogs” received high praise 
for the way in which they had done their work. At the 
siege of Gaeta, at Rosas, and at Santa Maura, the marines 
again distinguished themselves; and they took part in the 
decisive battles at Copenhagen, Trafalgar, San Domingo, 
and the Dardanelles. Three battalions were also specially 
brigaded with the line for active service in America and 
Holland in 1813-15. Since that period the marines have 
shared in the naval actions at Algiers, Nayvarino, Acre, the 
Baltic, and Black Sea, and have fought by the side of the 
land forces at the Cape, in India, China, New Zealand, 
Abyssinia, Ashantee, and Zululand, as also in those numer- 
ous petty skirmishes in which the navy has been so re- 
peatedly engaged. In the bombardment of Alexandria 
(1882), and in the operations that followed it, the corps has 
again seen service by sea and land. Nor have their ser- 
vices been less important in other cases. Though forming — 
part of the ships’ companies, and therefore at times suffer- 
ing from the same grievances, they have always been faith- 
ful to their trust. In 1797, a period of much sedition 
throughout the country, all efforts to shake their allegiance 
were fruitless, and the duke of York especially commended 
their loyalty and zeal. Between that year and 1802, after 
the mutinies of the Nore, Spithead, and Bantry Bay, of the 
“Temeraire,” ‘‘Castor,’’ “ lmpetueux,” ‘‘ Hermione,” “ Gib- 
raltar,”’ and ‘Excellent,’ the marines were publicly 
thanked for their devotion. 

As part of a ship’s company in naval actions, as a force 
landed to assist in coast operations, and as troops acting in 
concert with the army, the marines have won distinction 
and the commendation of both naval and military authori- 
ties for two hundred years. The motto,of the corps, ‘ Per 
mare per terram,” needs no explanation ; the title ‘ Royal” 
was added in 1802 “for its many and varied services during 
the war,” and its former facings were altered from white 
to royal blue; it was also in 1820, by an order in council, 
placed next in seniority to the 49th Regiment. In 1827 the 
globe, surrounded by the laurel wreath, for the siege of 
Belleisle, together with “Gibraltar,” in commemoration 
of the services performed there, was added by George IV. 
In 1855 the infantry branch of the corps became “light 
infantry.” 

Although in the “armed strengths ” of the great Euro- 
pean powers marines and marine artillery are mentioned, 
these troops have little in common with those in the Brit- 
ish navy. In France their duties areto garrison the five 
military ports and colonies, and to take part in marine and 
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other wars. In Germany the marine battalions and artil- 
lery divisions at Kiel and Wilhelmshafen are intended 
for coast defence only. In Holland, Austria, and Italy 
also they have a military organization, but do not form a 
recognized part of the complements of sea-going ships. 
America alone employs marines in the same manner as 
England; and they have won, as their British comrades 
have, the approbation of the naval authorities and, on nine- 
teen occasions, the thanks of Congress. Admiral Farragut’s 
opinion that “ the marine guard is one of the great essentials 


. of a man-of-war” is corroborated by that of Admiral Wilkes, 


who considered that “ marines constituted the great differ- 
ence between a man-of-war and a privateer.’ Formed in 
1775 for the “ publick defense,” they rank as the oldest force 
in the American service; and since that time they have 
shared in land and sea operations in all parts of the world. 
In the famous battles between the “ Bonhomme Richard” 
and “ Serapis”’ in 1777, and in that between the “ Chesa- 
peake ” and “Shannon,” they displayed brilliant gallantry ; 
and while on the one hand they at Derne in 1803 first 
planted the American flag on a fortress of the Old World, 
for which exploit “Tripoli” is inscribed on their colors, 
they on the other shared inthe hard fighting of the Mexi- 
can war as well as all the important coast actions of the 
civil war of 1861-65. A proposal to incorporate them with 
the army after the struggle met with universal condemna- 
tion from the authorities best qualified to judge of their 
value. At present they number seventy-eight officers and 
two thousand men under the command of a commandant, 
who ranks as brigadier-general, with headquarters at 
Washington. Their administration, organization, and 
equipment are, as in England, identical with those of the 
soldiers of the line. They are enlisted for five years, must 
be 5 feet 6 inches in height, between eighteen and thirty- 
five years of age, and able to read and write. The comple- 
ment on board ship varies from thirteen to fifty-one officers 
and men, depending on the rating of the vessel. Their 
device is a globe resting on an anchor and surmounted by 
an eagle. “ Ever faithful” is the title which Captain Luce, 
the historian of the force, appropriately applies to them. 
(C. C. K.) 


MARINI, or Martno, GIAMBATTISTA (1569-1625), 
Italian poet, was born at Naples on October 18,1569. 
At an early age he secured the powerful patronage of 
Cardinal Aldobrandini, whom he accompanied from 
Rome to Ravenna and Turin. His ungoverned pen 
and disordered life compelled him to take refuge from 
1615 to 1622 in Paris, where he was favorably recog- 
nized by Mary de’Medici. He died at Naples on 
March 25, 1625. See I'rany, vol. xiii. p. 521, 

MARINUS I. (Martinus II.) succeeded John 
VIIL. in the pontificate about the end of December, 
882. On three separate occasions he had been em- 
ployed by the three popes who preceded him as legate 
to Constantinople, hia mission in each case having 
reference to the controversy excited by Photius, 
Among his first acts as pope were the restitution of 
Formosus, cardinal bishop of Porto, and the anathe- 
matizing of Photius. He died in May or June, 884, 
his successor being Adrian ITT. 

MARINUS II. (Marrrnus IIT.), pope from 942 
to 946, was preceded by Stephen LX, and followed by 
Agapetus ia 

ARION, Franets (1732-1795), American general, 
was born in 1732 at Winyah, near Georgetown, South 
Carolina. In 1759-61 he served as lieutenant in expe- 
ditions against the Cherokees, and in 1775 he was 
elected a member of the provincial congress of South 
Carolina. This voted two regiments of infantry, and 
Marion was elected captain in the second. He was 
made lieutenant-colonel after the defence of Fort 
Moultrie at the entrance of Charleston harbor (June 
28, 1776), and was present at the unsuccessful attack 
on Savannah, September, 1779. In August he joined 
Gates, but was detached a few days before Gates’s de- 
feat at Camden on August 16; at Nelson’s Ferry, on 
the 20th, he rescued one hundred and fifty of the pris- 
oners from a strong guard. He soon received a general’s 
commission. Pursued by Tarleton and Wemyss, he 
was driven to North Carolina, but soon returned. 
After successful skirmishes against superior forces, he 
formed a camp at Snow’s Island in the midst of the 
swamps of the Pedee and the Santee. In March, 1781, 
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he defeated Watson at Black River; but meanwhile 
Doyle had destroyed Marion’s camp. In April Lee 
and Marion took Fort Watson, and in May Fort 
Motte. In June Greene detached Sumter with Marion 
and others to make an incursion into the low country. 
At Quinby Marion’s men fought well against Coates ; 
and in August he made a forced march to Parker’s 
Ferry and rescued Colonel Harden, pressed by a supe- 
rior force. At Hutaw Springs he commanded the right 
under Greene. After the British retreat to Charles- 
ton, Marion went to an important session of the colo- 
nial assembly ; on the very day that he returned to his 
brigade, February 24, 1782, it was surprised and dis- 
persed, Marion arriving too late to recover the day. 
After the war he occupied himself with farming. He 
died February 27, 1795. 

MARIONETTES (probably from morto, a fool or 
buffoon), Fanroccrnt (from fantino, a child), or Pup- 
PETS (poupée, a baby or doll), are figures, generally 
below iifiscniee, suspended by threads or wires and imi- 
tating with their limbs and heads the movements of 
living persons. 

The high antiquity of puppets appears from the fact 
that figures with movable limbs have been discovered 
in the tombs of Kgypt and among the remains of 
Ktruria; they were also common among the Greeks, 
from whom they were imported to Rome. Plays in 
which the characters are represented by puppets or by 
the shadows of moving figures, worked by concealed 
performers who deliver the dialogue, are not only pop- 
war in India and China at the present day, but during 
several centuries past maintained an important posi- 
tion among the amusements of the people in most 
Kuropean countries. Goethe and Lessing deemed 
them worthy of attention ; and as late as 1721 Le Sage 
wrote plays for puppets to perform. Every one re- 
members in Don Quixote ‘ the curious puppet show, 
which represents the play of Melisandra and Don Gay- 
feros, one of the best shows that has been acted time 
out of mind in this kingdom.’’ Reference to puppet 
shows is frequent in Hnglish literature from Chaucer 
onward. Thus Dayenant says :— 

“And man inchimney hid to dress 
Puppet that acts our old Queen Bess, 
And man that, while the puppets play, 
Through nose expoundeth what they say.” 


The earliest performances in English were drawn 
or founded upon Bible narratives and the lives of 
the saints, in the same vein as the ‘‘ morality’ 
plays which they succeeded. Popular subjects in the 
16th century were The Prodigal Son and Nineveh 
with Jonah and the Whale. And ina pamphlet of 
1641, describing Bartholomew Fair, we read, ‘‘ Here a 
knave in a fool’s coat, with a trumpet sounding or a 
drum beating, invites you to sce his puppets. Here a 
rogue like a wild woodman, or in an antic shape like 
an incubus, desires your company to view his motion.” 
In 1667 Pepys recorded how, at Bartholomew Fair, he 
found ‘‘my Lady Castlemaine at a puppet play, Pa- 
tient Grizill.”’ Besides The Sorrows of Griselda, 
other puppet plays of the period were Dick Whitting- 
ton, The Vagaries of Merry Andrew, and The Humors 
of Bartholomew Fair. Powell's noted marionette 
show was the subject of an article in The Tatler, 1709, 
andagain in The Spectator, 1711. The latter refers 
also to Pinkethman, a ‘‘motion-maker,’’ in whose 
scenes the divinities of Olympus ascended and 
descended to the strains of music. An idea of the 
class of representation may be gathered from an 
advertisement of Crawley, a rival of Pinkethman, 
which sets forth—‘ The Old Creation of the World, 
with the addition of Noah's Flood,’’ also several 
fountains playing water during the time of the play. 
The best scene represented ‘Noah and his family 
coming out of the ark, with all the animals two 
by two, and all the fowls of the air seen in a prospect 
sitting upon trees; likewise over the ark is the sun 
rising in a gorgeous manner; moreover a multitude of 
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angels in a double rank,’’ the angels ringing bells. 
‘Likewise machines descending from above, double, 
with Dives rising out of hell and Lazarus seen in 
Abraham’s bosom; besides several figures dancing 
jigs, sarabands, and country dances, with the merry 
conceits of Squire Punch and Sir John Spendall.”’ 
Yates showed a moving picture of a city, with an 
artificial cascade, and a temple,—with mechanical birds 
in which attention was called to the exact imitation of 
living birds, the quick motion of the bills, just swelling 
of the throat, and fluttering of the wings. The pup- 
pets were wax figures five feet in stature. Toward the 
end of the 18th century, Flockton’s show presented five 
hundred figures at work at various trades. Brown’s 
Theatre of Arts showed at country fairs, from 1830 to 
1840, the battle of Trafalgar, Napoleon’s army cross- 
ing the Alps, and the marble palace of St. Petersburg ; 
and at a still later date Clapton’s similar exhibition 
presented Grace Darling rescuing the crew of the 
‘Forfarshire’’ steamer wrecked on the Farn Islands, 
with many ingenious moving figures of quadrupeds, 
and, in particular, a swan which dipped its head into 
imitation water, opened its wings, and with flexible 
neck preened and trimmed its plumage. In these 
mechanical scenes the figures, painted upon a flat 
surface and cut out, commonly of pasteboard, are slid 
along grooves arranged transversely in front of the set 
scenery, the actions of legs and arms being worked by 
wires from the hands of persons below the stage, 
though sometimes use is made of clockwork. 

Marionettes proper, and the dolls exhibited in puppet 
shows (not including Punch and his companion actors), 
are constructed of wood or of pasteboard, with faces of 
composition, sometimes of wax; and each figure is sus- 
pended by a number of threads to a short bar of wood 
which is commonly held in one hand of the hidden per- 
former while the finger of his other hand poses the figure 
or gives action to it by means of the threads. In the mode 
of constructing the joints, and the greater elaboration with 
which the several parts of the limbs are supported and 
moved, and especially in the fine degrees of movement 
given to the heads, marionettes haye been so improved as 
to present very exact imitations of the gestures of actors 
and actresses, and the postures and evolutions of acrobats ; 
and, in addition, ingenious exhibitors such as Theodon, 
who introduced many novelties from twenty to thirty 
years ago, have employed mechanical arrangements for 
accomplishing the tricks of pantomime harlequinade. 
Among the puppet personages presented in the small street 
shows are generally included a sailor who dances a horn- 
pipe, a hoop-dancer, a dancer of the Highland fling, a 
wooden-legged pensioner, a vaulter on a pole also balancing 
two chairs, a clown playing with a butterfly, a dancing 
figure without head until the head rises out of the body, 
gradually displaying an enormously long neck, a juggler 
tossing gilt balls which, sliding up and down upon tight 
invisible threads, fall into his hands again, a milk-woman 
carrying buckets out of which fly white dolls, and a skele- 
ton, seen at first in scattered parts lying about the stage, 
but piece successively flying to piece, the body first sitting 
up, then standing, and finally capped by the skull, when 
the completed figure begins to dance. 

Ombres Chinois are the shadows of figures projected upon 
a stretched sheet of thin calico or a gauze scene painted as 
a transparency. The cardboard flat figures are held behind 
this screen, illuminated from behind,—the performer sup- 
porting each figure by a long wire held in one hand while 
wires from all the movable parts terminate in rings in 
which are inserted the fingers of his other hand. 

MARIOTTE, Eps (died 1684), a celebrated French 
physicist, was a native of Burgundy. He lived chiefly 
near Dijon as prior of St. Martin sous Beaune, and 
was one of the first members of the Academy of 
Sciences, which was founded at Paris in 1666. He 
died at Paris May 12, 1684. he first volume of the 
Histoire et Mémoires de 0? Académie (1733) containe 
many original papers by him upon a great variety of 
physical subjects, suchas the motion of fluids, the 
nature of color, the notes of the trumpet, the barome- 
ter, the fall of bodies, the recoil of guns, the freezing 
of water, ete. His Mssar’s de Physique, four in num- 
ber, of which the first three were published at Paris 
between 1676 and 1679, are his most important works, 
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and form, together with an elaborate treatise on the 
percussion of bodies, the first volume of the Qwwres 
de Mariotte (2 vols., Leyden, 1717). The second of 
these essays (‘‘De la Nature de |’ Air’’) contains the 
statement of the law connecting the pressure and 
volume of a gas which, though very generally called by 
the name of Mariotte, was discovered seven years 
before by Boyle. The fourth essay is a systematic 
treatment of the nature of color, with a description 
of many curious experiments and a discussion of the © 
rainbow, halos, parhelia, diffraction, and the more 
purely physiological phenomena of color. The dis- 
covery of the blind spot is noted in a short paper in 
the second volume of his collected works. 
MARITIME LAW. See Sua Laws. 
MARITIME PROVINCE (Russian, Primorskaya 
Oblast), a province of the Russian empire, and part 
of the general-governorship of Hastern Siberia, is a 
strip of territory which extends along the Siberian 
coast of the Pacific from Corea to the Arctic Ocean, 
and also includes the peninsula of KAMCHATKA (q.v.), 
the island of Saghalien or Sakhalin, and several small 
islands scattered along the coast. Its western boundary 
stretches northwards from the Corean town of King- 
hing (41° 45 N. lat.) by Lake Khangka and along the 
Usuri, keeping to the eastward of the hilly tracts and 
prairies of Northern Manchuria; it then follows an 
imaginary line which runs due north from the mouth 
of the Usuri to the bay of Udskoy, separating the 
province from the lowlands and mountain wildernesses 
of the Amur province; it next runs along the Stano- 
voy watershed between the Pacific and the Arctic 
Ocean, leaving to the west the elevated tracts of the 
Siberian plateau, and finally it crosses the spurs of 
this plateau through barren tundras belonging to 
Yakutsk, reaching the Arctic Ocean at the Chaunskaya 
Bay (70° N. mele The province has a length of 2300 
miles and a width varying from 40 to 420 miles; it 
covers an area of 730,000 square miles, and exhibits 
very great varieties of climate, scenery, and popula- 
tion. The northern part, known as the land of the 
Chukchees, occupies the northeastern peninsula of 
Asia between the Arctic Ocean on the one side and 
the Seas of Behring and Okhotsk on the other, and 
has the character of a barren plateau from 1000 to 
2000 feet high, deeply indented by the rivers of the 
Anadyr basin, and by long fiords, such as the Koluchin 
Bay (the wintering-place of Nordenskjéld’s ‘‘ Vega’’) 
the Gulf of Anadyr, and the Bays of Penzhina an 
Ghizhiga. To the north this plateau is bordered by a 
chain of mountains, the highest known within the 
Arctic circle, several summits of which reach a height 
of 8200 feet (Makachinga peak and others), while the 
promontories by which the Asiatic continent terminates 
towards Behring Strait—Serdtze-kamen, Cape Vos- 
tochnyi (the most easterly point of Asia), and Cape 
Chukotskiy—have heights ranging from 1000 to 2000 
feet. Only lichens and mosses, with a few dwarf 
species of Siberian trees, cover this district, in marked 
contrast to the rich forests of the corresponding part 
of Arctic America. he fauna, however, is far richer 
than might have been expected, owing to the migra- 
tions of animals along the plateaus of Peciotn Siberia, 
which extend in a northeastern direction from the very 
heart of Asia to Behring Strait. The fauna is further 
enlarged’ by a few American birds and mammals, 
which cross the strait when it is frozen. "This country, 
and still more the seas by which it is surrounded, 
have been for the last two centuries the paradise 
of hunters, and have supplied Siberian trade with 
its best furs. Entire species of animals have been 
exterminated within this short period; the renowned 
blue fox and black sable have nearly disappeared, 
and the whale, which was hunted a few decades 
ago by hundreds of American vessels, has become 
very rare. The sea-otter, of which the party of Steller 
killed seven hundred during its eight months’ stay on 
Behring’s Island, is rapidly becoming extinct, as well 
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as the sea-lion (Otaria steller’); whilst the sea-cow 
(Rhytina steller’) was completely extirpated in the 
course of forty years. Thanks to the care taken by an 
American company which has the monopoly of hunt- 
ing on Behring and Copper Islands, the sea-bear 
(Otaria ursina), which was likely to meet with the 
same fate, is nearly domesticated at present, and multi- 
plies rapidly, yielding no less than twelve thousand 
skins per annum. ‘The inhabitants of this region, the 
- Chukchees (Tuski, or Chaouktoos), who number no 
more than 12,000 souls (according to some authorities 
only 5000), seem to have immigrated from the south ; 
their racial characters make them an ethnological 
link between the Mongols of Central Asia and the 
Indians of America; they are also very nearly akin in 
their features and customs to the Hskimo. They are 
subdivided, however, into two distinct branches, with 
different customs and languages. hose of the inte- 
rior support themselves by reindeer breeding (herds 
of ten thousand being not Bpeommen) and by hunt- 
ing; whilst those of the coast live by fishing, and are 
very poor. All travellers who have had dealings with 
Chukchees speak in the highest terms of the character 
of the former branch, and of the fraternal feelings 
shown by them in their mutual relations, he Koryaks 
(about 5000), who occupy the southern part of this 
region, are nearly akin to Chukchees. ‘They extend 
their migrations also to the northern part of Kam- 
chatka. ‘Those of the interior are reindeer proprietors 
and hunters, and like the Chukchees are quite inde- 
pendent, own no superiors, and live in federations of 
families. ‘They have firmly resisted Russian conquest ; 
and there are tribes among them which still refuse to 
pay the yasak (tribute in furs) to the Russian authori- 
ties. Their national character is described by travellers 
as very different from that of the settled Koryaks of 
the coast, who live in the utmost poverty, and have 
acquired vicious habits from their intercourse with 
Kuropean and American sailors. 

The middle part of the Maritime Province is a nar- 
row strip of land (40 to 60 miles wide) along the 
shores of the Sea of Okhotsk, including the basin of 
the Ud in the south. This area is occupied by wild 
mountains, 4000 to 7000 feet hich, forming the eastern 
border of the high plateau of Hastern Siberia, Thick 
forests of larch clothe the mountains to nearly one-half 
their height, as well as the deep valleys, where short 
streams discharge into the Pacific the water produced 
by the melting of accumulations of snow and ice 
(nakipi, naledi). The undulating hills of the basin of 
the Ud, which is a continuation to the southwest, be- 
tween the Stanovoy and Bureya mountains, of the 
deep indentation of the Sea of Okhotsk, are covered 
with forests and marshes. Only Tunguses visit these 
inhospitable mountain wildernesses and the bays of the 
coast, living by hunting or fishing. 

The southern part of the province includes two dis- 
tinct regions. From the northeastern extremity of 
the Bureya, or Little Khingan range, of which the 
group of the Shantar Islands is a continuation,.a wide 
and deep depression runs southwestwards to the 
junction of the Amur and Usuri, and thence to the 
Tpxtande of the lower Sungari. It is for the most part 
less than 500 feet above sea-level. 

The Amur, which takes a notheastern course after reach- 
ing these lowlands, runs close to their eastern boundary, at 
the foot of the mountains of the sea-coast; whilst on its 
left or western bank it spreads into numberless lakes and 
marshes, large and small, and extensively inundates the 
swamps at time of flood. The area on the right banks of 
the Amur and Usuri, between these rivers and the sea- 
coast, is occupied by a very little known hilly tract con- 
sisting of several intricate systems of mountalus, usually 
represented on maps as a single range, and known under 
the general name of Sikhota-alin. The summits reach the 
height of 5150 feet (Golaya Gora peak) and the average 
elevation of the few passes is about 2500 feet. There is, 
however, one depression in these mountains, occupied by 
Lake Kizi, which may have been at one time an outflow 
of the Amur to the sea. The Sikhota-alin mountains are 
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covered with thick impracticable forests, through which a 
passage can be forced only by means of the hatchet. The low- 
lands and the countless islands of the Amur are covered 
with a grass vegetation as luxuriant as that of the forests, 
and present the same difliculties to the pioneer. Herba- 
ceous plants, 7 to 10 feet high, intertwined with number- 
less climbing plants, cover the soil with an impenetrable 
thicket, and, when destroyed by fire rapidly grow again to 
their former height. The flora and fauna of this region 
(especially in the Usuri district) exhibit a striking combi- 
nation of species of warm climates with those of subarctic 
regions; the wild vine clings to the larch and cedar-pine, 
and the tiger meets the bear and the sable. The quantity 
of fish in the rivers is immense, and in August the wide 
channels of the Amur and Usuri literally swarm with the 
ascending salmon. The mountain-wildernesses are visited 
by nomadic Tunguses, while the banks of the great rivers 
are inhabited, besides Russians, by Golds and Orochons, 
both of Tungusian origin, and the lower Amur by Ghilyaks, 
closely allied to the Ainos of Saghalien. Manchus and 
Chinese are scattered here and there among the Russian 
population on the right bank of the Usuri. 

The best part of the Maritime Province is at its southern 
extremity, in the valley of the Suifun river, which enters 
the Pacific in the Gulf of Peter the Great, and on the shores 
of the bays of the southern coast, where new settlements 
have appeared since this territory was annexed to Russia 
in 1860. But even here the climate is very harsh. The 
warm sea-current of the Kuro-sivo does not reach the coasts 
of Siberia, while a cold current, originating in the Sea of 
Okhotsk, brings its icy water and chilling fogs to the coasts 
of Saghalien, and flows along the Siberian shores to the 
eastern coast of Corea. The high mountains of the sea- 
coast and the monsoons of the Chinese Sea contribute to 
produce in the southern parts of the Maritime Province 
cold winters and wet summers. Accordingly at Vladi- 
vostok (in the Gulf of Peter the Great), which has the same 
latitude as Marseilles, the average yearly temperature is 
only 39.5° Fahr., and the harbor is frozen for nearly three 
months; the Amur and Usuri are frozen in November. 
Towards the end of summer the moist monsoons cause heavy 
rainfalls, which destroy the harvests and bring about such 
inundations that even in the two-miles wide channel of 
the Amur the water within a few days rises more than 15 
feet, and covers the lowlands to a breadth of 15 to 20 miles ; 
the navigation also becomes dangerous for small river 
steamers and barges, on account of storms from the Chinese 
Sea. The sea-coast farther north has a continental and 
arctic climate. At Nikolayevsk, temperatures as low as 
-41.5° Fahy. are observed in winter, and as high as 94.6° 
in summer, the average yearly temperature being below 
zero (-0.9). At Ayan (56° 27’ N. lat.) the average tempera- 
ture of the year is-25.5° (-0.4° in winter, and 50.5° in sum- 
mer), and at Okhotsk (59° 21’ N. lat.) it is 23° (-6° in 
winter, and 52.5° in summer). 

Russian settlements occur at intervals throughout the 
whole of the province, but, with the exception of those on 
the banks of the Amur and Usuri, and the southern ports 
of the sea-coast, they are mere centres of administration. 
Anadyrsk on the Anadyr river, Penzhinsk and Ghizhiga 
at the heads of bays of the same name, Ayan on the 
coast of the Sea of Okhotsk, and Udskoy Ostrog on the river 
Ud, all have played an important part in the conquest of 
Siberia by Cossacks and merchants; but at present they 
are only small blockhouses with a few buildings around 
them, and the seat of local authorities; the population of 
none exceeds two hundred. Okhotsk, which has given its 
name to the sea between Kamchatka and the Siberian 
coast, is one of the oldest towns of Eastern Siberia, having 
been founded in 1649. Until the acquisition by Russia of 
the Manchurian sea-coast, this port, 700 miles distant from 
Yakutsk, poor though it is, was an object of special solici- 
tude to the Russian Government for the maintenance of its 
possessions on the Pacific. It is connected by a bridle path 
with Yakutsk, and even in 1851-56, during the conquest of 
the Amur, all communication with the mouth of the Amur 
was by this route. It has now but 210 inhabitants. Niko- 
layevsk, on the left bank of the Amur, 23 miles from its 
mouth, was until lately the capital of the Maritime Pro- 
vince. Great expectations were formed regarding it when 
it was founded in 1851. It was provided with machine- 
works, foundries, and dockyards, and was proclaimed a free 
port. But the difficulties of navigation and of communica- 
tion with the interior, and the complete failure of the 
governmental colonization of the Amur made the prosperity 
of the new Russian port on the Pacific impossible, and the 
seat of government was transferred to the more central Kha- 
barovka. At present Nikolayeysk has only 3500 inhabitants, 
nearly all military or officials, and a few foreign merchants 
trading chiefly in groceriesand spirits. The port is visited 
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every year by from twenty to.twenty-five ships, im- 
porting manufactured and grocery wares to the value 
of about £100,000, and of wines and spirits estimated 
at £20,000. On the banks of the Amur, from Nikolayevsk 
to the mouth of the Usuri, is a chain of Russian 
settlements at distances not exceeding 25 miles. Their 
inhabitants, free settlers from Russia, are very badly off on 
account of the difficulties of agriculture in this region, and 
from the bad selection of sites. Many have migrated to 
the sea-coast, whilst those who still remain are for the most 
part very poor, and almost every year require to be pro- 
vided by Government with corn brought from Transbaika- 
lia. Sofiysk (1000 inhabitants, of whom 700 are military) 
is a purely military post. Khabarovka, on a high promon- 
tory at the confluence of the Amur and Usuri, is the present 
capital of the Maritime Province. It has a settled popula- 
tion of about seven hundred, besides military and officials. 
A few Russian merchants carry on an active trade in furs 
with natives (about £20,000 a year), in silver money 
brought from Russia and sold to Chinese, and in spirits and 
groceries. The Russian settlements on the right bank of 
the Usuri are very like those of the lower Amur. The 
peasants, who have received the name of Cossacks, and 
have a military organization, with the exception of a few 
settlements on the upper Usuri, are mostly in a wretched 
condition, and since 1859 have been dependent for food 
almost every year on Government aid. A line of posts and 
settlements connects the villages of the Usuri with the 
settlements on the shores of the Gulf of Peter the Great. 
This wide gulf, divided into two long bays,—those of 
Amur and Usuri, which are connected by an inlet called 
the Eastern Bosphorus,—is regarded as the principal port 
of Russia on the Pacific, and the town on the inlet has re- 
ceived the name of Vladivostok (“ruler of the East”’); its 
spacious harbor, very similar to that of Sebastopol, has 
been called the Golden Horn. At present Vladivostok has, 
however, merely the aspect of a middle-sized Russian vil- 
lage. One-half of its 8500 inhabitants are Chinese and 
Coreans, the other half being military and officials. All 
necessaries of life, including rye-bread biscuits, continue to 
be imported by sea, and every spring, before the opening of 
the navigation, provisions become scarce. The trade is in 
the hands of Chinese, who export stag-horns, sea-weed, and 
mushrooms to a value of about £10,000 a year, and of Ger- 
mans, who import groceries and spirits (£218,500 in 1879). 
The entrance to the llarbor is well-fortified, and the town 
possesses a machine-work, storehouses, and a station of the 
Northern Telegraph Company. Other settlements (at the 
Imperial, Vladimir, and Olga harbors, ete.) are developing 
very slowly. Altogether the Russian population of these 
settlements has still a provisional character, and has to 
overcome great difficulties before it can become indepen- 
dent of the interior for its means of subsistence. The total 
population of the Maritime Province is estimated at 20,000 
Russians (12,000 military and officials), and at about 
37,000 natives; but this is certainly under the truth. The 
province is made up of one territory—that of the Usuri— 
and six circles (okrughi) :—Nikolayevsk, Sofiysk, Petropav- 
lovsk (Kamchatka), Okhotsk, Ghizhighinsk, and Udskoy ; 
the territory of the Usuri is subdivided into five circles,— 
Usuri, Suifun, Khangka, Ayvakumovo, and Suchan. 
(BHAA) 
MARIUPOL, a seaport of Russia, on the northern 
shore of the Sea of Azoff, at the mouth of the Kal- 
nus, in the government of Hkaterinoslay, 55 miles 
west of Taganrog. It is connected by a branch rail- 
way with the line between Kharkoff and Taganrog, 
and is situated on the highway between the latter 
town and the Crimea. The place is said to have been 
inhabited in remote times under the name of Ada- 
makha; but the present town was built only in 1779 
by Greek emigrants from the Crimea, who settled on 
the shores of the Sea of Azoff and on the left bank of 
the lower Kalmius. Mariupol'is the chief town of 
this district, the 40,000 inhabitants of which are 
engaged in agriculture, cattle-breeding, and fishing, 
and sell their produce in the town. In export trade 
Mariupol ranks next to Taganrog among the ports of 
the Sea of Azoff; but its harbor is open to the south- 
east and shallow, the fine of 14 feet being 14 miles 
from the shore, with a narrow strip, 12 to 22 feet deep, 
which allows larger flat-bottomed ships to approach 
the town, especially during southeast winds. Tike all 
orts on this sea it is becoming more and more shal- 
ow., Mariupol is visited every year by about 150 
foreign ships (about 30,000 tons) and by 700 to 860 


MARIUPOL—MARIUS. 


coasting vessels (65,000 tons), mainly carrying wheat 
and linseed, as also skins and tallow, from the Greek 
district, and from the provinces of Don and Ekaterino- 
slay. The importance of the port may increase when 
the mineral riches of the district (coal close to the 
sea-shore, kaolin, and quartz sand) are exploited. 
Population, with twe-suburbs, Marinsk and Karasou, 
9800. 

MARIUS, Carus (155-86 B.c.), is one of the most 
striking figures in Roman history. Born the son of a 
small farmer at Arpinum (Arpino), the birthplace also 
of Cicero, in 155 B.c., he worked his way up from this 
humble origin, in spite of the most determined opposi- 
tion from the senate and the aristocracy, to the high- 
est position in the state, was seven times consul, and 
was spoken of as a third Romulus and a second Ca- 
millus. He began life as a soldier, and first saw war 
in Spain under the great Scipio Africanus, whose 
good opinion he won, and so rose from the ranks to be 
an officer. But this was not enough to help him for- 
ward, on his return to Rome, in rising to those politi- 
cal offices which were invariably a stepping-stone to 
the highest military rank. He had, however, when 
about forty years of age, the good luck to marry a 
great lady, of patrician rank, Julia, the aunt of Julius 
Ozesar ; and, being at the same time a popular favorite, 
as a man of plain and simple tastes, and a braye ener- 
getic soldier, he was in 115 B.c. elected praetor, which 
gave him an opportunity of still further showing his 
military ability in the thorough subjugation of the 
troublesome province of Further Spain ini west of 
the Ebro), where a good officer was specially wanted 
to check the marauding raids of a number of wild 
tribes. But it was in the war with Jugurtha, from 
109 to 106 B.c., that he distinctly came to the front as 
the lieutenant of the consul Quintus Metellus. It 
would seem that his conduct towards his superior offi- 
cer was not perfectly straightforward and honorable, 
as he tried to make the Roman traders in Africa, and 
through them the people of Rome, believe that 
the war was intentionally prolonged from corrupt mo- 
tives. Under the circumstances this was compara- 
tively easy, as political feeling was just at this time 
particularly bitter, and the senate was reputed, not 
without some good reason, to-be venal and corrupt. 
Already Marius had achieved some important suc- 
cesses over Jugurtha, and had shown that he was the 
man to settle a tiresome guerilla war, and now, when 
he was a little over fifty, in 107 B.c., he was, amid 
great popular enthusiasm, elected consul for the first 
time. In the following year, in conjunction with his 
future political rival, Sulla, he brought the war to a 
triumphant issue, and passed two years in his province 
of Numidia, which he thoroughly subdued and an- 
nexed to Rome’s dominion. 

By this time Marius was generally recognized as the 
ablest general of the day, and in face of the great peril 
now beginning to threaten Rome from the north of 
the Alps, where an immense multitude of Cimbri and 
Teutones were hanging on the borders of Italy, public 
opinion promptly summoned him to the chief com- 
mand. ‘Iwo armies had been utterly destroyed in the 
neighborhood of the Lake of Geneva, and it seemed 
as if a repetition of the disaster of Allia in 390 B.c., 
and the capture of Rome itself, might be not impossi- 
ble. Marius, out of unpromising materials and a de- 
moralized soldiery, organized a well-disciplined army, 
with which he inflicted on the invading hordes two de- 
cisive defeats, the first in 102 B.c., at Aqueae Sextize 
(Aix in the department of Bouches du Rhone, some 
way north of Marseilles), and the second in the follow- 
ing year at Vercellee (Vercelli, about midway between 
Turin and Milan), the result being that for a period 
of some centuries Rome had nothing to fear from the 
northern barbarians. Deservedly indeed was Marius 
elected consul a fifth time, hailed as the ‘‘ saviour of his 
country,’’ and honored with a triumph of unpre- 
cedented splendor. 
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The really glorious part of his career was now over, 
and the remainder of his life is associated with the 
worst cruelties and horrors of civil war, revolution, 
and proscription. ‘The hideous strifes of Marius and 

ulla have passed into a proverb. It is indeed a 
dreadful and monotonous story of bloodshed, but it 
must be carefully studied if we are to understand the 
nature of the political changes which had their final 
development in imperialism. Marius was a plain, 


_ rough, though very able, soldier, without any of the 


intellectual culture which is indispensable to a states- 
man, and which the Gracchi, his political ancestors, 
possessed. As a politician he on the whole failed, 
though almost to the last he had the confidence of the 
popular party. But he unfortunately associated him- 
self with low and yulgar demagogues, men probably 
more degraded than the worst of the senators and of 
the aristocracy, and thus, although perhaps he never 
quite sank to their level, he let himself be guilty of 
ernel and perfidious acts, which it is hard to reconcile 
with the character of a brave man and a hero. He 
was indeed appointed in 88 B.c., after a riot and partial 
revolution, to the command in the war in the Kast with 
Mithridates, but the triumph of Sulla and the aristo- 
cratical party almost immediately afterwards drove him 
as an outlaw from Rome, and he had to seek safety 
amid the marshes round Minturn (Garigliano) in 
Latium. The Gallic trooper sent by the local authori- 
ties to strike off the old man’s head quailed, it is said, 
before the fire of his eye, and fled with the exclama- 
tion, ‘‘ I cannot kill Caius Marius.’’ Meantime, in the 
absence of Sulla, who had left Italy for the Mithridatic 
war, Cinna’s sudden and violent revolution had put 
the senate at the mercy of the popular leaders, and 
Marius greedily caught at the opportunity of a bloody 
vengeance, which became in fact a reign of terror in 
which senators and nobles were slaughtered wholesale. 
He had himself elected consul, for the seventh time, in 
fulfilment of a prophecy given to him in early man- 
hood. Thus, full of honors in one sense, but really 
hated and execrated, he closed his career, dying in the 
delirium of fever in 86 B.C., at seventy years of age. 
Marius was not only a great and successful general, 
but also a great military reformer. A citizen militia 
was from his time exchanged for a professional soldiery, 
which had hitherto been as little liked by the Roman 
people as it was by our own ancestors. A standing 
army, their instincts told them, would bea ready tool 
of despotism; and indeed the changes of which 
Marius was the author paved the way for the subse- 
quent military imperialism. The Roman soldier was 
henceforth a man who found his home in the camp, and 
who had no trade but war. A great general could 
hardly fail to become the first and foremost man in the 
state. Marius, however, himself did not attempt to 


‘overturn the oligarchy, as Caesar afterwards did, by 


means of the army, but rather by such expedients as 
the constitution seemed to allow, though they had to 


be backed up by street riots and mob violence. He_ 


failed as a political reformer because the merchants and 
the moneyed classes, whom the more statesmanlike 
Gracchi tried to conciliate, feared that they would 
themselves be swept away by a revolution of which the 
mob and its leaders would be the ultimate controllers. 
The farmer’s son, the rough blunt soldier, the saviour 
of his country in middle life, and its curse and pest in 
his old age, had a decided tinge of fanaticism and that 
vein of superstition which is often allied to such 
natures. In matters so important as canvassing for 
the consulship he would be guided by the counsels of 


an Htruscan soothsayer, and would be accompanied in 


his campaigns by a Syrian prophetess. The fashionable 
accomplishments of the day, and the new Greek 
culture, were wholly alien to his taste, and he was thus 
really disqualified for the political life of his time. 
When his military career was once ended, failure and 
disgrace became a certainty for him. 

For the life of Marius our original sources are a multitude 
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of passages in Cicero’s works, Sallust’s Jugurthan War, the 
epitomes of the lost books of Livy, Plutarch’s Lives, ete. 
In Smith’s Biographical Dictionary the life is given at great 
length, and the details stated generally with great accuracy. 
In Mommsen’s History of Rome, bk. iy. chaps. 6, 7, 8, a clear 
picture of the whole period is presented to us; and Nie- 
buhr’s Lectures on Roman History (Lectures 81-86) may be 
consulted with great advantage. 

MARIVAUX, Prerre Carter DE CHAMBLAIN 
DE (1688-1763), novelist and dramatist, was born at 
Paris on the 4th of February, 1688. His father was a 
financier of Norman extraction, whose real name was 
Carlet, but who after the loose fashion of the period 
assumed the surname of Chamblain, and then, finding 
that others of his class had chosen the same, super- 
added that of Marivaux. M. Carlet de Marivaux, 
however, was a man of good reputation, and he re- 
ceived the appointment of director of the mint at 
Riom in Auvergne, where and at Limoges the young 
Pierre was brought up. It is said that he developed 
literary tastes early, and wrote his first play, the Pere 
Prudent et Equitable, when he was only eighteen; it 
was not, however, published till 1712, when he was 
twenty-four. His chief attention in those early days 
was paid to novel writing, not the drama. In the 
three years from 1713 to 1715 he produced three 
novels—Les effets Surprenantes dela Sympathie, La 
Votture Embourbée, and a book which had three titles, 
Pharsamon, Les Folies Romanesques, and Le Don 
Quichotte Moderne. All these books were in a curious 
strain, not in the least resembling the pieces which 
long afterwards were to make his reputation, but 
following partly the Spanish romances and partly the 
heroic novels of the preceding century, with a certain 
intermixture of the marvellous. Then Marivaux’s 
literary ardor took a new phase. He fell under the 
influence of La Motte, and thought to serve the cause 
of that ingenious paradoxer by travestying Homer, an 
ignoble task, wtih he followed up by performing the 
same office in regard to Fénelon. His friendship for 
La Motte, however, introduced him to the Mercure, 
the chief newspaper of France, where in 1717 he pro- 
duced various articles of the ‘‘ Spectator’ kind, which 
were distinguished by much keenness of observation 
and not a little literary skill. It was at this time that 
the peculiar style called Marivaudage first made its 
appearance in him. ‘The year 1720 and those imme- 
diately following were very important ones for Mari- 
yaux; not only did he produce a comedy, now lost 
except in small part, entitled LZ’? Amour et la Vérité, 
and another and far better one entitled Arlequin Poli 
par l Amour, but he wrote a tragedy, Anibal, which 
was and deserved to be unsuccessful. Meanwhile his 
worldly affairs underwent a sudden revolution. His 
father had left him a comfortable subsistence, but he 
was persuaded by friends to risk it in the Mississippi 
scheme, and after vastly increasing it for a time lost all 
that he had. His prosperity had enabled him to marry 
a certain Mademoiselle Martin, of whom much good 1s 
said, and to whom he was deeply attached, but who 
died very shortly. His pen now became almost his 
sole resource. e had a connection with both the 
fashionable theatres, for his Annibal had been played 
at the Comédie Frangaise and his Arlequin Poli at the 
Comédie Italienne, where at the time a company who 
were extremely popular, despite their imperfect com- 
mand of French, were established. He endeavored too 
to turn his newspaper practice in the Mercwre to more 
account by starting a weekly Spectateur Frangais, to 
which he was the sole contributor. But his habits 
were the reverse of methodical; the paper appeared 
at the most irregular intervals; and, though it con- 
tained some excellent work, its irregularity killed it. 
For nearly twenty years the theatre, and especially the 
Italian theatre, was Marivaux’s chief support, for his 
pieces, though they were not ill received by the actors 
at the Frangais, were rarely successful there. The 
best of a very large number of plays (Marivaux’s theatre 
numbers between thirty and forty items) were the Sur- 


558 


prise del Amour (1722), the Triomphede Plutus (1728), 
the Jeu de U Amour et du Hasard (17380), Les Pausses 
Conjidences (1737), all produced at the Ltalian theatre, 
and Le Legs, produced at the French, Meanwhile 
he had at intervals returned to both his other lines of 
composition, A periodical publication ealled L? Indi- 
gent Philosophe appeared in 1727, and another called 
Le Cabinet du Philosophe in (734, but the same causes 
which had proved fatal to the Spectateur prevented 
these later efforts from suceeeding. In 1738L Marivaux 
published the first two parts of his best and greatest 
work, Marianne, anovel of anew and remarkable kind. 
As was usual, however, with him when he ventured 
on any considerable task, he was very slow with it. 
The cloven parts appeared in batches at intervals during 
a period of exactly the same number of years, and after 
all i¢ was left unfinished. In 1735 another novel, the 
Paysan Parvenn, was begun, but this also was left un- 
finished. ‘The year afterwards Marivaux, who was 
then nearly fifty years of age, was elected of the Acad- 
emy, Ite survived for more than twenty years, and 
was not idle, again contributing occasionally to the 
Mercure, writing plays, ‘reflections’? (which were 
seldom of much worth) and so forth, Ile died on the 
12th Kebruary, 1763, aged seventy-five years. 

The personal character of Marivaux was curious and 
somewhat contradictory, though not without analogies, 
one of the closest of which is to be found in Goldsmith, 
He was, however, unlike Goldsmith, at least as brilliant in 
conversation as with the pen, He was extremely good- 
natured, but fond of saying very severe things, unhesita- 
ting in his acceptance of favors (he drew a regular annuity 
from Helvetius), but exceedingly touchy if he thought 
himself in any way slighted. Tle was, though a great cul- 
tivator of sensibilité, on the whole decent and moral in his 
writings, and was unsparing in his criticism of the rising 
Philosophes. This last circumstance, and perhaps jealousy 
as woll, made him a dangerous enemy in Voltaire, who lost 
but few opportunities of speaking disparagingly of him, 
Not very much is known of his life, though anecedotes of 
his sayings are nob uncommon, He had good friends, not 
merely, as has been said, in the righ, generous, and amiable 
Helvetius, but in Madame de Tenein, in Fontenelle, and 
even in Madame de Pompadour, who gave him, it is said, a 
considerable pension, of the source of which he was igno- 
rant, It is even asserted that annoyance at the discovery 
of the origin of a benefit which he thought came direetly 
Trom the king hastened his death; and, though this is 
acurcely likely, his extreme sensitiveness is shown by many 
stories, one of which carries out in real life and almost to 
the letter Furquhar’s famous mot as to “laughing consu- 
medly.’ Ite had one daughter, who took the veil, the 
duke of Orleans, the regent’s successor, furnishing her with 
her dowry, 

We have no space here for a detailed criticism of Mari- 
vaux’s extensive work, The so-called Marivaudage is the 
main point of importance about it, though the best of the 
comedies have great merits, and Marianne is an extremely 
inportant step in the legitimate development of the French 
novel,—-legitimate, that is, in opposition to the brilliant but 
episodic productions of Le Sage. The subject-matter of 
Marivaux’s peculiarstyle has been generally and with tol- 
erable exactness described as the metaphysie of love- 
making. Eis characters, in a happy phrase of Crebillon’s, 
nob only tell each other and the reader everything they 
have thought, but everything that they would like to per- 
suade themselves that they have thought. ‘The style cho- 
son for this is justly regarded as derived mainly from Fon- 
tenelle, and through him from the Précieuses, though there 
are traces of it even in La Bruyéro. It abuses metaphor 
somewhat, and delights tu turn off a metaphor itself in 
BoMe Unexpected and bizarre fashion, Now it is a familiar 
phrase which is ased where dignified huguage would be 
expected ; now the reverse, In the same eriticism of Cre- 
billon’s which has been already quoted, oceurs another 
happy description of Marivaux’s style as being “an intro- 
duction to each other of words which have never made ac- 
quaintance, and which think that they will not get on to- 
gebhor,” a phrase as happy in its imitation as in its satire 
of the style itself, Yet this fimtastic embroidery of lan- 
guage has a certain charm, and suits perhaps better than 
any other style the somewhat unreal galluntiy and sensibilite 
which ib deseribes and exhibits. The author possessed, 
moreover, both thought and observation, besides considera. 
ble command of pathos, He is not, and is never any more 
likely to be, generally popular, but he is one of the authors 


MARK, 


in whom those who do like them are sure to take particu- 
lar delight, 


The best and most complete edition of Marivaux is that of 1781, 
12 vols, 8vo. There is a good modern edition of the plays by 5. 
Fournier, and another oi Marianne and the Paysan Parvenu in 
two volumes, J, Fleury’s Marivaau et le Marivandage (Paris, 1881) 
is worth consulting by those who are interested in the subject. 


MARK, the traditional name of the author of the 
Second Gospel. The name Mark occurs in several 
books of the New ‘Testament. 
Apostles, chap. xii,, mention is made of ‘John whose 
surname was Mark,’ to the house of whose mother, 
Mary, at Jerusalem, Peter went when miraculous] 
released from prison.! This John Mark went wit 
Barnabas and Paul on their missionary journey, as far 
as Perga in Pamphylia, and then, © departing from 
them, returned to Jerusalem ’’ (Acts xii. 25; xii, 13), 
His departure was afterwards the occasion of a ‘ sharp 
contention ’’ between Paul and Barnabas; the former 
“thought not good to take with them him who with- 
drew from them from Pamphylia, and went not with 
them to the work ’’; the latter *‘ took Mark, and sailed 
away into Cyprus’’ (Acts xv. 38, 39). On the subse- 
q ad history of Mark the Acts of the Apostles are 
silent. 

The same name Mark occurs in three Pauline epis- 
tles. (1) In Col. iv. 10 the writer enumerates Mark 
among his fellow-workers, mentioning also that he was 
a nephew Se translate ‘‘ cousin ’’) of Barnabas, and 
implying that he was a Jew (“‘ of’ the peek 
Ile is evidently about to send him, in accordance with 
a previous intimation, on a special mission to the Co- 
lossians; but there is no evidence, except the state- 
ment of the Coptic subseription to the epistle, to show 
whether the contemplated journey took place. (2) In 
Philemon 24 the writer also mentions Mark as one of 
his fellow-workers, “¢, probably in preaching the 
gospel during his imprisonment at Rome. (3) In 2 
Tim. iv. LL the writer gives the charge to Timothy 
‘Take Mark and bring him with thee, for he is useful 
to me for ministering.’’? It is a plausible conjecture 
that this is arequest that Mark might be brought back 
to Rome after his mission to Colossee. 

he same name algo oceurs in 1 Peter v. 13, ‘‘ Mark, 
my son.’’ ‘This expression has sometimes been taken 
literally ; but itis more usually understood in a meta- 
yhorical sense, as meaning that Peter had converted 
Mark. ‘Those who take ‘* Babylon’? in the same pas- 
sage to mean Rome necessarily infer that Mark was 
with Peter at Rome; a tradition to the same effect is 
mentioned in fragments of Clement of Alexandria, 
preserved in Kusebius, JZ. /2., ii, 155 vi, 14. 

The preponderance of patristic and mediaeval tradi- 
tion is in favor of the hypothesis that the same person 
is designated in all these passages of the New 'Testa- 
ment, But other hypotheses have found favor, espe- 
cially among those writers of various schools who have 
felt a difficulty in understanding how the same person 
should be an intimate companion at onee of St. Paul 
and of Se. Peter. It has been supposed (1) that the 
John Mark of the Acts is the Mark of the Pauline 
epistles, but not the Mark of 1 Peter; (2) that the 
Johu Mark of the Acts, the Mark of the Pauline epis- 
tles, and the Mark of | Peter are all different; (3) 
that the John Mark of the Acts is the Mark of 1 Peter, 
but not the Mark of the Pauline epistles. Into the 
arguments for these several hypotheses it is unneces- 
sary to enter here; they are of course complicated by 
the prior question of the authenticity and date of the 
books of the New Testament in which the name occurs, 
The most elaborate modern discussion of the question, 
which arrives at the conclusion that the first of the 
three hypotheses just mentioned is the trae one, is 
contained in the work of Molini, whose title is given 
below. But, whether there was only one Mark or 

1 This double name, the one Jewish, the other Roman, may be 
compared with the double name “ Saul who is also called Paul,” 


in succeeding chapters of the Acts; sometimes the double 
niume, sometimes one or other of the single names, is used, 


In the Acts of the — 
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more than one, there is a general belief, which rests 
wtimately on the testimony of the presbyter (John) 
who is quoted by Papias (ap. Huseb., ZZ, ui. 39, 
15), that the second canonical Gospel, or its original, 
is to be ascribed to the Mark who was the disciple of 
St. Peter.t Of this Mark the evangelist, as of other 
persons whose names are prominent in the New Testa- 
ment, there is a large mass of traditional biography, 
in which possible fact and obvious fiction are so closely 
interwoven as not to be easily disentangled, and which 
would not be worth recording were it.not for the later 
historical associations which have clustered round it. 


Of Mark’s birth and country nothing is positively known; 
the majority of medieval writers state that he was a Le- 
vite; but this is probably no more than an inference from 
his supposed relationship to Barnabas. ‘The Alexandrian 
tradition seems to have been that he was of Cyrensan 
origin ; and Severus, a writer of the 10th century, adds to 
this the statement that his father’s name was Aristobulus, 
who, with his wife Mary, was driven from the Pentapolis 
to Jerusalem by an invasion of barbarians (Severus Aschi- 
mon, ap. Renaudot, IJTist. Patriarch. Alex., p. 2). In the 
apocryphal Acts of Barnabas, which profess to be written 
by hin, he speaks of himself as having been formerly a 
servant of Cyrillus, the high priest of Zeus, and as having 
been baptized at Iconium. The presbyter John, whom 
Papias quotes, says distinctly that “he neither heard the 
Lord nor accompanied Him” (ap. Eusebius, U. ¢.); and this 
positive statement is fatal to the tradition, which does not 
appear until about two hundred and fifty years afterwards, 
that he was one of the seventy disciples (Mpiphanius, 
pseudo-Origen De recta in Deum fide, and the author of the 
Paschal Chronicle). Various other results of the tendency 
to fill up blank names in the gospel history must be set 
aside on the same ground; it was, for example, believed 
that Mark was one of the disciples who “ went back ” be- 
cause of the “hard saying” (pseudo-Hippolyt., De LXX,. 
Apostolis, in Cod, Baroee. ap. Migne, Patrol. Gree., vol. x. 
955); there was an Alexandrian tradition that he was one 
of the seryants at the miracle of Cana of Galilee, that he 
was the “man bearing a pitcher of water” in whose house 
the last supper was prepared, and that he was also the 
owner of the house in which the disciples met on the even- 
ing of the resurrection (Renaudot l. ¢.); and even in modern 
times there has been the conjecture that he was the “ cer- 
tain young man” who “fled naked ” from Gethsemane, 
Mark xiy. 51, 52 (Olshausen). 

A tradition which was widely diffused, and which is not 
in itself improbable, was that he afterwards preached the 
gospel and presided over the church at Alexandria (the 
earliest extant testimony is that of Eusebius, HW. 2, ii. 16, 
1; ii. 24; for the fully-developed legend of later times see 
Symeon Metaphrastes, Vita S. Marci, and Eutychius, Origines 
Leclesie Alexandrine). There was another, though per- 
pops not incompatible, tradition that he preached the gos- 

el and presided over the church at Aquileia in North 

taly. The earliest testimony in fayor of this tradition is 
the vague statement of Gregory of Nazianzus that Mark 
' preached in Italy, but its existence in the 7th century is 
* shown by the fact that in 629 a.p, Heraclius sent the pa- 
triarchal chair from Alexandria to Grado, to which city 
the patriarchate of Aquileia had been transferred (Chron, 
Patriarch. Gradens., ap. Ughelli, Italia Sacra, tom. v. p, 1086; 
for other references to the general tradition see De Rubeis, 
Monwm. Iecles. Aquileien., c. 1; Acta Sanctorum, ad April. 
xxv.). It was through this tradition that Mark became 
connected with Venice, whither the patriarchate was fur- 
ther transferred from Grado; an early Venetian legend, 
which is represented in the Cappella Zen in the basilica of 
St. Mark, antedates this connection by picturing the evan- 
gelist as having been stranded on the Rialto, while it was 
still an uninhabited island, and as having had the future 
greatness of the city revealed to him (Danduli, Chron, iv. 
1, ap. Muratori, Rer. Ital. Seript., vol. xii, 14). 

The earliest traditions appear to imply that he died a 
natural death (Eusebius, Jerome, and even Isidore of Se- 
ville); but the Martyrologies claim him as & martyr, though 
they do not agree as to the manner of his martyrdom, Ac- 
cording to the pseudo-Hippolytus he was burned; but 
Symeon Metaphrastes and the Paschal Chronicle represent 
him to have been dragged over rough stones until he died. 
But, however that may be, his tomb appears to have been 
venerated at Alexandria, and there was a firm belief at 


1 Most of the arguments by which Kienlen (Stud. u. Krit., 1848, 
pp. 423 sy.) endeavors to show that the Gospel is the work of the 
amine and not of the Petrine Mark are vse1 My other writers in 
List pe of the hypothesis that in its present fo 
work of which Papias speaks, 
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Venice in the Middle Ages that hisremains had been trans- 
lated thither in the 9th century (the fact of the transla- 
tion is denied even by Tillemont; the weakness of the evi- 
dence in support of the tradition is apparent eyen in 
Molini’s vigorous defence of it, lib, ii. ¢. 2; the minute ac- 
count which the same writer gives, lib. ii. c. 11, of the dis- 
covery of the supposed actual bones of the evangelist in 
1811 A. D., is interesting). There was another though less 
widely accepted tradition, that the remains soon after their 
translation to Venice were retranslated to the abbey of 
Reichenau on Lake Constance ; a circumstantial account of 
this retranslation is given in the treatise Mx Miraculis S, 
Marci, ap. Pertz, Mon, Hist. German, Script., tom. iv. p. 449. 
It may be added that the Venetians prided themselves on 
possessing, not only the body of St. Mark, but also the auto- 
graph of his Gospel; this autograph, however, proved on 
examination to be only part of a 6th-century book of the 
Gospels, the remainder of which was published by Bian- 
chini as the Lvangeliarium Porojuliense ; the Venetian part 
of this MS. was found some years ago to have been wholly 
destroyed by damp. 

It has been at various times supposed that Mark wrote 
other works besides the Gospel. Several books of the New 
Testament have been attributed to him, viz., the Epistle 
to the Hebrews (Spanheim, Op. Miscell., vol. ii. p. 240), the 
Epistle of Jude (cf. Holtzmann, Die Synoptische Evangelien, 
p. 373), the Apocalypse (Hitzig, Ueber Johannes Marcus, 
Zurich, 1843), The apocryphal Acta Barnabe purport to 
have been written by him. There is a liturgy which bears 
his name, and which exists in two forms; the one form was 
found in a MS. of the 12th century in Calabria, and is, ac- 
cording to Renaudot, the foundation of the three liturgies 
of St. Basil, St. Gregory Nazianzen, and St. Cyril; the other 
is that which is used by the Maronite and Jacobite Syr- 
jans. Both forms have been published by Renaudot, 
Liturg. Oriental. Collect., vol. i. p. 127, and vol. ii. p. 176, and 
in Neale’s History of the Holy Eastern Church; but neither 
has any substantial claim to belong to the ante-Nicene 
period of Christian literature. 

The symbol by which Mark is designated in Christian 
art is usually that of a lion. Each of the “four living 
creatures ” of Ezekiel and the Apocalypse has been attribu- 
ted to each of the four evangelists in turn; Augustine and 
Bede think that Mark is designated by the “man”; 'The- 
ophylact and others think that he is designated by the 
eagle; Anastasius Sinaita makes his symbol the ox; but 
mediwyal art acquiesced in the opinion of Jerome that he 
was indicated by the lion. Most of the martyrologies and 
calendars assign April 25 as the day on which he should be 
commemorated; but the Martyr. Mieron. gives September 
23, and some Greek martyrologies give January 11. This 
unusual variation probably arises from early differences of 
opinion as to whether there was one Mark or more than 
one, 

The work of Canon Molini of Venice, De Vila et Lipsanis S. 
Marci Evangelist, edited, after the author's death, by 8. Pieralisi, 
the librarian of the Barberini library, in 1864, gives full informae 
tion on all that relates to the subject of the present article, 
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MARK, Gosprn or. See Gosperrs. ° 

MARKIROCH (in French, Ste-Marie-aux-Mines), a 
flourishing industrial town of Germany, in Upper Al- 
sace, circle of Rappoltsweiler, is prettily aiuated inthe 
valley of the Leber or Liepvrette, an affluent of the 
Rhine, near the French frontier. The once produc- 
tive silver, copper, and lead mines of the neighborhood 
are now no longer worked ; and the present chief’ in- 
dustries of the place are weaving and dyeing. In and 
about Markirch there are nearly forty wool and cotton 
factories, besides numerous looms in the cottages of 
the weavers; and these produce cloth to the annual 
value of £625,000. It is estimated that there are 
about 40,000 workpeople in the industrial district of 
which Markirch is ihe centre. ‘The small river Leber, 
which intersects the town, was at one time the bound- 
ary between the German and French languages, and 
traces of this separation still exist. The German- 
speaking inhabitants on the right bank were Protest- 
ants, and subject to the counts of Rappolstein, while 
the French inhabitants were Roman Catholics, and 
under the rule of the dukes of Lorraine. The popula- 
tion in 1880 was 11,824. 

MARLBOROUGH, a municipal and parliamentary 
borough of Wiltshire, England, situated on the great 
high-road between London and Bath, and distant 75 
miles from the former, 32 from the latter, and 13 from 


560 


Devizes. It stands on the left bank of the Kennet, a 
tributary of the Thames, in 51°25’ N, lat. and 1° 437 
W. long. It is an agricultural centre, and has a 
weekly market. In the days of its ao | forty- 
two public coaches halted daily at its doors, and it had 
a fair trade in corn and malt; but its traffie was to a 
ereat extent diverted by the opening of the Great 
Western Railway, and it now carries on a yery small 
trade in tanning, rope-making, and malting. It eon- 
sists mainly of a long and broad street, terminated at 
one end by St. Mary's church and the town-hall, and 
at the other by St. Peter's church and the college. 
The municipal council consists of a mayor, four alder- 
men, and twelve councillors, and the borough returns 
one member to parliament, In 1881 the population of 
the municipal borough (area 186 acres) was 3343, and 
of the parliamentary borough (area 4665 acres) 5180. 

The name has been a frequent matter for discussion, some 
declaring it to be the hill (berg) or fortress (burg) of Merlin 
the Briton, others the Marl borough, in allusion to the sur- 
rounding soil, which, however, is chalk. <A great British 
mound exists at the southwest extremity of the town, and 
a castle was erected around it by William the Conqueror, 
This became a somewhat notable place. Honry L. kopt 
Kaster here in 1110, and Henry IL. granted if to John 
Lackland, Henry ILl, held his last parliament here in 
1267, and passed the “Statutes of Marleberge.’ Later 
the castle served as an occasional royal residence; it 
was probably dismantled during the Wars of the Roses. 
The town was besieged and taken during the civil wars, and 
a few years later (1653) was almost entirely consumed by 
fire. A large mansion was erected by Lord Seymourin the 
reign of Charles Il. near the site of the castle, and this, 
after various vicissitudes, was in 1843 converted into 
“Marlborough College,’—a public school designed mainly 
for the education of the sons of the clergy. A large group 
of building8—chapel, schools, dining hall, racket courts, 
ete. —soon sprang up around the original building, and the 
school numbered five hundred and eighty in 1882. 


MARLBOROUGH, a town of the United States, in 
Middlesex county, Massachusetts, about 25 miles west 
from Boston, with stations on the Old Colony and the 
Fitchburg Railways. It lies in a fertile hilly district, 
and contains a beautiful sheet of water 160 acres in 
extent, known as Williams Lake. Shoemaking is the 
staple industry, some of the factories in the department 
rivalling the largest in the world. There is a good 
yublic library ; and three weekly newspapers are pub- 
fished in the town. The population inereased from 
8474 in 1870 to 10,127 in 1880. Marlborough, colo- 
nized by settlers from Sudbury in 1655, and incorpo- 
rated in 1661, occupies the site of the Christian Indian 
village of Conte tare 

MARLBOROUGH, Jonn Crurciim., Dun or 
(1650-1722). In the small manor house of Ashe, 
situated in the parish of Musbury in Devonshire, but 
hardly a stone’s throw beyond the parish of Axminster, 
John Churchill the first duke of Madbatouth was born 
24th of June, 1650. Arabella Churchill, his eldest sis- 
ter, and the mother of the Duke of Berwick, was born 
in the same house on the 28th of February, 1648. 
They were the children of Winston Churchill of Glan- 
ville Wotton in Dorset and Elizabeth the fourth 
daughter of Sir John Drake, who after the close of 
the civil war received his son-in-law into his own 
house. Tor a year or two after the Restoration John 
Churchill went to St. Paul’s school, and there is a 
tradition that during this period he showed the bent 
of his taste by reading and re-reading Vegetius De Re 
Militari. When fifteen years old he obtained a place 
in the household of the Duke of York, and about the 
same time his sister Arabella became maid of honor to 
the duchess, two events which contributed greatly to 
the advancement of the Churchills, Next year, in 
1666, he received, through the influence of his master, 
a commission in the guards, and left England for ser- 
vice at Tangiers. Such fighting as was waged with the 
Moors did not accord with his feelings, and he soon 
returned to his own country, For a few years after 
wards Churchill remained in attendance at the court, 
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and it was during this period that the natural caroful- 
ness of his disposition was shown by his investing in 
an annuity a present of £6000 given him by a court 
beauty. In 1672, when Mngland to her shame sent 
six thousand troops to aid Louis XIV. in his attempt 
to subdue the Duteh, Churchill formed one of the 
company, and soon attracted the attention of Turenne, 
by whose profound military genius the whole army 
was directed, At the siege of Nimeguen Ohurehill 
acquitted himself with such success that the Mrench 
commander predicted his ultimate rise to distinction. 
When Maestricht was besieged he saved the life of the 
duke of Monmouth, and received the thanks of Louis 
XLV. for his services. Marly in 1678 he was married 
to Sarah Jennings, the favorite attendant on the 
Princess Anne, the younger daughter of the duke of 
York. Her father Richard Jennings, a Hertfordshire 
squire, had twenty-two brothers and sisters; one of 
the latter married a London tradesman called Hill, and 
their daughter Abigail Hill afterwards succeeded her 
cousin the Duchess of Marlborough as favorite to 
Queen Anne. Sarah Jennings had as little money as 
her husband, but this deficiency was more than com- 
pensated for by an abundance of energy and ambition, 

On the accession of James LI. the Churchills received 
a great increase in fortune. QOolonel Churchill had 
been created a Scotch peer in 1682, and as aveward for 
his services in going on a special mission from the new 
monarch to Louis XPV. he was advanced to the Hnglish 
peerage under the title of Baron Churehill of Sand- 
ridge in Hertfordshire, the village in which the Jen- 
nings’s property was situated. A step in the army 
was at the same time conferred upon him, and when 
the duke of Monmouth atanptel his ill-fated enter- 
prise in the western counties, the second position in 
command was bestowed on Lord Churchill. ‘Through 
his vigilance and energy victory declared itself on ho 
king’s side. After the death of Monmouth he with. 
drew as far as possible from the administration of pub- 
lie business. Whilst on his embassy to the French 
court he had declared with emphasis that if the 
king of England should change the religion of the 
state he should at once leave his service, and it 
was not long before the design of James became 
apparent to the world. Churchill was one of the first 
to send overtures of obedience to the prince of 
Orange. Although he continued in a high position 
under James, wll ey the emoluments of his places, 
he promised William of Orange to use every exertion 
to bring over the troops to his side, James had been 
warned against putting any trust in the loyalty of the 
man on whom "f had showered so many favors, but: 
the warnings were in vain, and on the landing of the 
Dutch prince ab Brixham Churchill was sent against 
him with five thousand men. When the Royal army 
had advanced to the downs of Wiltshire and a battle 
scemed imminent, James was disconcerted by learning 
that in the dead of night his general had stolen away 
like a thief into the opposite camp. Tor this timely 
act of treachery Churchill received another adyance- 
ment in the peerage. He had now become the earl of 
Marlborough and a member of the privy couneil, a 
mark of royal favor which during this and the next 
reign was more than an unmeaning honor, William 
felt, however, that he could not place implicit reliance 
in his friend's integrity ; and, with a clear sense of the 
manner in which Marlborough’s talents might he em- 
ployed without any detriment to the stability of his 
throne, he sent him with the army into the Nether- 
lands and into Ireland. For some time there was no 
open avowal of any distrust in Marlborough’s loyalty, 
but in May, 1692,the world was astonished at the news 
that he had been thrown into the Tower on an aceusa- 
tion of treason, Though the evidence whieh could be 
brought against him was slight, and he was soon set 
at liberty, there is no doubt that Marlborough was in 
close relations with the exiled king at St. Germains, 
and that he even went so far as to disclose to his late 
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master the intention of the English to attack the town 
of Brest. The talents of the statesmen of this reign 
were chiefly displayed in their attempts. to convince 
both the exiled and the reigning king of England of 
their attachment to his fortunes. The sin of Marl- 
borough lay in the fact that he had been favored above 
his fellows by each in turn, and that he betrayed 
both alike apparently without scruple or without 
shame. Once again during the Fenwick plot he was 
‘charged with treason, but William, knowing that if he 
pushed Marlborough and his friends to extremities 
there were no other statesmen on whom he could rely, 
contented himself with ignoring the confessions of Sir 
John Fenwick, and with executing that conspirator 
himself. Not long afterwards the forgiven traitor was 
made governor to the young duke of Gloucester, the 
only one of Anne’s numerous children who gave prom- 
ise of attaining tomanhood. During the last years of 
William’s reign Marlborough once more was placed 
in positions of responsibility. His daughters were 
married into the most prominent families of the land: 
the eldest became the wife of the eldest son of Lord 
Godolphin; the seeond, the loveliest woman at the 
court, with her father’s tact and temper and her 
mother’s beauty, married the only son of lord Sunder- 
land. Higher honors were in store for his family, and 
they came on the accession of Queen Anne in March, 
1702. She had not been more than three days upon the 
throne before the knighthood of the Garter was con- 
ferred upon Marlborough. He was made captain- 
general of the English troops both at home and abroad, 
and master-general of the ordnance. The new queen 
did not forget the life-long service of his wife; three 
positions at the court by which she was enabled to 
continue by the side of the sovereign as closely as she 
had lived with the princess were united in her person. 
The queen showed her devotion to her friend by 
another signal mark of favor. The rangership of 
Windsor Park was granted her for life, with the espe- 
cial object of enabling Lady Marlborough to live in the 
Great Lodge. ‘hese were the opening days of many 
years of fame and power. A week or two after the 
death of William it was agreed by the three great pow- 
ers, England, Holland, and Austria, which formed the 
grand alliance, that war should be declared against 
France on the same day, and on May 4, 1702, the 
declaration was made by the three countries. 
Marlborough was made commander-in-chief of the 
united armies of England and Holland, but through- 
out the war his plans were impeded by the jealousy of 
the commanders who were nominally his inferiors, and 
_by the opposite aims of the various countries that were 
striving to break the power of France. He himself 
wished to penetrate into the French lines; the anxiety 
of the Dutch was for the maintenance of their frontier 
and for an augmentation of their territory ; the desire 
of the Austrian emperor was to insure his son’s rule 
over Spain. ‘To secure concerted action by these dif- 
ferent powers taxed all the diplomacy of Marlborough, 
but he succeeded for the most part in his desires. In 
the first year of the campaign it was shown that the 
armies of the French were not invincible. Several 
fortresses which Louis XIV. had seized upon surren- 
dered themselves to the allies. Kaiserswerth on the 
Rhine and Venloo on the Meuse soon passed from the 
hands of the French to the English. The prosperous 
commercial town of Liége with its commanding 
citadel quickly capitulated. The successes of Marl- 
borough caused much rejoicing in his own country, 
and for these brilliant exploits he was raised to 
the highest rank in the peerage, and rewarded with 
a handsome annuity. In the spring of the following 
year a crushing blow fell upon the duke and duchess. 
Their eldest and only surviving son, the marquis of 
Blandford, was seized while at King’s College, Cam- 
bridge (under the care of Hare, afterwards bishop of 
Chicester), with the small-pox, and died on the 20th 
of February, 1703, in his seventeenth year. If the’ 
VoL. XV.—718 
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character of the youth which is given by Cole, the 
Cambridge antiquary, can be accepted as true, and 
Cole was not likely to be prejudiced in favor of the 
family of Churchill, his talents had already justified 
the prediction that he would rise to the highest posi- 
tion in the state. 

The result of the campaign of 1703 inspired the 
French king with fresh hopes of ultimate victory. The 
dashing plans of Marlborough were frustrated by the 
opposition of his Dutch colleagues. When he wished 
to mvade the French territory they urged him to be- 
siege Bonn, and he was compelled to accede to their 
wishes. After this digression from his first purpose he 
returned to his original plan of attacking Antwerp ; 
but, in consequence of the incapacity of the Dutch 
leaders, the generals (Villeroi and Boufflers) of the 
French army surprised the Dutch division and inflicted 
on it a loss of many thousands of men. Marlborough 
was forced to abandon his enterprise, and all the com- 
pensation which he received was the capture of the 
insignificant forts of Huy and Limburg. After a year 
of comparative failure for the allies, Louis XIV. was 
emboldened to enter upon an offensive movement 
against Austria; and Marlborough, smarting under the 
misadventures of 1703, and conscious that the war 
could only be brought to an end by more decisive 
measures, was eager to meet him. A magnificent 
army was sent by the French king under the command 
of Marshal Tallard, with instructions to strike a blow 
at Vienna itself. Marlborough divined the intention 
of the expedition, and, without communicating his in- 
tentions to his colleagues, led his troops into Bayaria. 
The two armies (that under Marlborough and Prince 
Hugéne numbering more than fifty thousand men, whilst 
Tallard’s forces were nearly ten thousand stronger) met 
in battle array near the village of Blenheim. The 
French commander made the mistake of supposing 
that the enemy’s attack would be directed against his 
position in the village, and he concentrated an excessive 
number of his troops at that point. ‘The early part of 
the fight was in favor of the French. Three times 
were the troops led by Prince Hugéne driven back in 
confusion ; Marlborough’s cavalry failed on their first 
attack in breaking the line of the enemy. But in the 
end the victory of the allies was conclusive. Nearly 
thirty thousand of the French and Bavarians were 
killed and wounded, and in Blenheim alone ten thou- 
sand were made prisoners. Never was a victory more 
eagerly welcomed than this, and never was a conquering 
leader more rewarded than Marlborough. On his 
return to his own country he was received with 
enthusiasm on all sides. Poets and prose writers were 
employed to do him honor, and the lines of Addison 
comparing the English commander to the angel who 
passed over “‘ pale Britannia’’ in the storm of 1703 
have been famous for nearly two centuries. The manor 
of Woodstock, which was transferred by Act of Parlia- 
ment from the crown to the duke, was a reward more 
after his own heart. The gift even in that form was a 
noble one, but the queen heightened it by instructing 
Sir John Vanbrugh to build a palace in the park at 
the royal expense, and, although the works subse- . 
quently caused much anxiety to the duke and duchess, 
£240,000 of public money was spent on the buildings. 

The following year was not marked by any stirring 
incident. Marlborough was hampered by tedious 
formalities at the Hague and by jealousies at the Ger- 
man courts. The armies of the French were again 
brought up to their full standard, but the generals of 
Louis were instructed to intrench themselves behind 
earthworks and to act on the defensive. In the dark- 
ness of a July night these lines were broken through, 
and the French were forced to take shelter under 
the walls of Louvain. Marlborough urged an attack 
upon them in their new position, but his passionate 
arguments were spent in vain, and when 1705 had 
passed away the forces of the French king had - 
suffered no diminution. This immunity from disaster 
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tempted Villeroi in the next spring into meeting the 
allied forces in an open fight, but his assurance 
yoved his ruin, he battle of Ramillies (23d 
ee 1706) ended in the total rout of the French, 
and caused the transference of nearly the whole 
of Brabant and Flanders to the allies, Five days 
afierwards the victor entered Brussels in state, and 
the inhabitants acknowledged the rule of the arch- 
duke, Antwerp and Ostend surrendered themselves 
with slight loss. Menin held out until three thousand 
of the soldiers of the allies were laid low around its 
walls, but Dendermonde, which Louis had forty years 
previously besieged in vain, quickly gave itself up to 
the resistless Marlborough, Again a year of activity 
and triumph was succeeded by a period of languor and 
depression. During the whole of 1707 fortune in- 
clinod to the other side, with the result that early in 
the next year Ghent and Bruges returned to the alle- 
giance of the Mrench, and Marlborough, fearing that 
their example might be followed by the other cities, 
advanced with his whole army towards Oudenarde. 
Had the counsels of Vendome, one of the ablest of the 
French generals, prevailed, the fight might have had 
a different issue, but his suggestions were disregarded 
by the duke of Burgundy, the grandson of Louis, and 
the battle, like its predecessor, ended in their defeat. 
Afier this victory Marlborough, ever anxious for de- 
Gisive measures, wished to advance on Paris, but he 
was overruled, The allied army invested the town of 
Lille, on the fortifications of which Vanban had ex- 
pended an immensity of thought; and after a struggle 
of nearly four months, and the loss of thirty thousand 
men, the citadel surrendered. By the end of the year 
Brabant was again subject to the rule of the allies. 
The suffering in Irance at this time weighed so heavily 
upon the people that its proud king humbled himself 
to sue for peace, Hach of the allies in turn did he 
supplicate, and his minister endeavored by promises 
of large sums of money to obtain the support of Marl- 
borough to his proposals. ‘hese attempts were in 
vain, and when the winter passed away a [trench army 
of one hundred and ten thousand, under the command 
of Villars, took the field. On the 8d of August, 1709 
Tournay capitulated, and the two leaders, Marlborough 
and Hugdne, led their forees to Mons, in spite of the 
attempt of Villars to prevent them. Tor the last time 
during the protracted war the two armies met in fair 
fieht at Melplaquet, 11th September, 1709, where the 
French leader had strengthened his position by exten- 
sive earthworks. The fight was long and doubtful, 
and, although the French ultimately retreated under 
the direction of Boufflers, for Villars had been wounded 
on the knee, it was in good order, and their losses were 
less than those of their opponents. The campaign 
lasted for a year or two after this indecisive contest, 
but it was not signalized by any such “ glorious vie- 
tory’’ as Blenheim. All that the Mnglish could plume 
themselves on was the acquisition of a few such for- 
tresses as Douai and Bethune, and all that the French 
had to fear was the gradual tightening of the enemy's 
chain until it reached the walls of Paris. The energies 
of the Hrench were concentrated in the construction 
of fresh lines of defence, until their commander boasted 
that his position was impregnable. In this way the 
war dragged on until the conclusion of the peace of 
Utrecht. 

All that Marlborough had effected on the battlefield 
during these years of war had not prevented his posi- 
tion from being undermined by party intrigues at home. 
In the early part of Queen Anne's reign his political 
friends were to be found among the Tories, and the 
ministry was chiefly composed of members of that 
narty. After a year or two, however, the more ardent 
Tories withdrew, and two younger adherents of the 
same cause, Harley and St. John (both of whom were 
at present content to conceal their animosity to Marl- 
borough), were introduced into the ministry. The 
duchess, partly through the influence of her son-in- 
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law, the earl of Sunderland, and partly through the 
opposition of the Tories to the French war, had gone 
over to the Whig cause, and she pressed her views on 
the sovereign with more yehemence than discretion, 
She had obtained for her indigent cousin, Abigail Hill, 
asmall position at court, and the poor relation very 
soon began to injure the benefactor who had befriended 
her. With Hill's Assistance Harley and St. John 
widened the breach with the queen which was com- 
menced by the imperious manner of the duchess. ‘The. 
love of the two friends changed into hate, and no op- 
portunity for humiliating the family of Marlborough 
was allowed to pass away neglected. Sunderland and 
Godolphin were the first to fall (July-August, 1710) ; 
a few months later the duchess was dismissed from her 
offices; and, although Marlborough himself was per- 
mitted to continue in his position a short time longer, 
his fall was only delayed until the last day of 1711. 
Life in Hngland had become so unpleasant that he 
went to the Continent, and he remained abroad until 
the death of Anne (Ist August, 1714). ‘Then he once 
more returned to the shores of Hngland and resumed 
his old military posts, but he took little part in public 
affairs. Kvenif he had wished to regain hia command- 
ing position in the country, ill-health would have pre- 
vented him from obtaining his desires. Johnson, in- 
deed, says, in the Vanity of Human Wishes, that the 
streams of dotage ”’ flowed from his eyes; but it is not 
desirable to examine too critically the assertions of a 
poem which relied for its suecess upon the strength 
of its comparisons. It is certain that at the time of 
his death he was able to understand the remarks of 
others and to express his own wishes. At four o'clock 
on the morning of the 16th June, 1722, he died at 
Cranbourn Lodge near Windsor. His remains were 
at first deposited in Westminster Abbey, in the vault 
at the east end of King Henry VII.’s chapel, but they 
now rest at Blenheim. 

Ilis widow, to whom must be assigned a consider- 
able share both in his rise and in his fall, survived till 
October, 1744. Those years were spent in bitter ani- 
mosity with many within and without her own family. 
Left by her husband with the command of boundless 
wealth, she used it for the vindication of his memory 
and for the justification of her own resentment. ‘Two 
of the leading opponents of the ministry, Chesterfield 
and Pitt, were especially honored by her attentions. 
To Pitt she left ten thousand pounds, to the other 
statesman twice that sum and a reversionary interest 
in her landed property at Wimbledon. hilst a 
widow, she received numerous offers of marriage from 
many titled suitors. She refused them all: from her 
marriage to her death her heart had no other inmate 
than the man as whose wife she had become almost a 
rival to royalty. 

Marlborough obtained his first start in life through 
a handsome pension, and his rapid rise to the highest 
position in the state was due to his singular taet and 
to his skill in the management of men. In an age re- 
markable for grace of manner and for adroitness of 
compliment, his courteous demeanor and the art with 
which he refused or granted a favor extorted the ad- 
miration of every one with whom he came in contact. 
Through his consideration for the welfare of his sol- 
diers he held together for years an army drawn from 
every nation in Christendom. His talents may not 
have been profound (he possessed ‘‘an excellent plain 
understanding and sound judgement ”’ is the opinion of 
Lord Chesterfield) ; but they were such as Englishmen 
love. Alike in planning and in executing, he took in- 
finite pains in all points of detail. Nothing escaped 
his observation, and in the hottest moment of the fight 
the coolness of his intellect shone conspicuous. is 
enemies indeed affected to attribute his uniform suc- 
cess in the field to fortune, and they magnified his love 
of money by drawing up balance sheets which included 
every penny which he had received, but omitted the 
pounds which he had spent in the cause he had sin- 
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cerely at heart. All that can be alleged in excuse of 
his attempt to serve two masters, the king whom he 
had deserted and the king who had received him into 
favor, is that not one of his associates was without sin 
in this respect. 


The books on Marlborough are very numerous. Under 
his name in the catalogue of the British Museum there are 
121 entries, and 32 under that of his wife. The chief works 
are Lediard’s, Coxe’s, and Alison’s Lives; a French memoir 
in 3 volumes, 1808; Marlborough’s Letters and Despatches, 
edited by Sir George Murray (5 volumes); and Mrs. Creigh- 
ton’s interesting summary. The descriptions in Mr. John 
Hill Burton’s Reign of Queen Anne of the battle scenes of 
Marlborough are from personal observation. A good account 
of his birthplace and country will be found in Pulman’s 
Book of the Axe District; and for the home of the duchess 
the reader can refer to Mr. Cussan’s History of Hertfordshire. 
Long after the death of the duke there were many pam- 
phiets written on the conduct of his wife from her appear- 
ance at court; but they relate to matters of little interest 
at the present time. CW Py Cs) 


MARLOW, Great, a parliamentary borough of 
Buckinghamshire, Hngland, is finely situated on the 
Thames, and on a branch of the Great Western Railway, 
87 miles west of London and 25 southeast of Oxford. 
It consists principally of two streets which cross each 
other at right angles. The church of All Saints, in the 
Later English style, erected in 1835, and lately exten- 
sively restored, possesses a number of brasses. The 
former bluecoat school has been reorganized under the 
endowed schools commission as a grammar school. The 
town has paper-mills, a brewery, and manufactures of 
lace and embroidery. It is also a favorite resort for 
boating and fishing. Marlow, anciently Merlaw, is a 
very ancient manor, and for some time after William 
the Conqueror it was in the possession of the crown. 
Tt returned members to parliament from the 28th of 
Kdward I. till the 2d of Kdward II., and the privilege 
was again restored in the 21st of James I. ; since 1868 it 
has returned but one member. ‘The borough includes 
Great and Little Marlow, Medmenham, and Bisham 
in Berkshire, which is united with Great Marlow by a 
suspension bridge, erected in 1835, ata cost of £20,000. 
The population of the borough, which has an area of 
14,514 acres, 2424 being in the county of Berks, was 
6627 in 1871 and 6779 in 1881. 

MARLOWE, CaristorHeEr (1564-1593), the father 
of English tragedy and the creator of English blank 
verse, was born at Canterbury in February, 1564, and 
christened on the 26th of that month. John Marlowe, 
his father, is said, on authority which satisfied the best 
editor of the poet, to have been a shoemaker by trade; 

‘jt is supposed also that he was clerk of his parish, and 
survived his illustrious son for upwards of eleven years. 
The boy was educated at the King’s School, Canter- 
bury; matriculated as pensioner of Benet College, 
Cambridge, March 17, 1581; took the degree of bachelor 
of arts in 1583, and that of master of arts four years 
later. Before this date he had produced the first 
tragedy worthy of that name in our language, and 
called into existence that highest and most difficult of 
all its other than lyrical forms of verse, which alone 
has proved worthy of acceptance among his countrymen 
as the fit and adequate instrument of tragic drama. At 
some uncertain date of his early life he is supposed to 
have been an actor, and said to have broken his leg in 
the practice of his profession. But for this and many 
other traditions of his career and conversation there is 
no better evidence than that of'a religious libeller. His 
first tragedy of Vamburlaine the Great, in two parts, 
was successively followed by Doctor Faustus, The Jew 
of Malta, Edward the Second, and The Musscere at 
Paris, The tragedy of Dido, Queen of Carthage, was 

robably completed for the stage after his death by 
homas Nash, the worthiest English precursor of 
Swift in vivid, pure and passionate prose, embodying 
the most terrible and splendid qualities of a social and 
personal satirist; a man gifted also with some fair 
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faculty of elegiac and even lyric verse, but in no wise 
qualified to put on the buskin left behind him by the 
oe =} ”) a 

famous gracer of tragedians,’’ as Marlowe had already 
been designated by their common friend Greene from 
among the worthiest of his fellows. 

The only authentic record concerning the death of 
Marlowe is an entry ‘‘in the burial-register of the par- 
ish church of St. Nicholas,’ Deptford: * Christopher 
Marlowe, slain by Francis Archer, June 1, 1593.’’ Two 
Puritan scribblers have left two inconsistent reports as 
to the circumstances of this manslaughter. On the 
more respectable authority of Francis Meres the critic 
(1598) we are told that Marlowe was “‘stabbed to death”’ 
by a ‘‘servingman”’ of bad character, ‘‘a rival of his in. 
his lewd love.’’? The one thing unhappily certain is 
that one of the greatest among Hnelish poets died of a 
wound received in a brawl (stabbed in the head, accord- 
ing to one account, with his own dagger) at the 
untimely age of twenty-nine years and three months. 
Like Sir Walter Raleigh and a few less memorable men 
of the same generation, he was attacked in his own 
time not merely as a freethinker, but as a propagandist 
or apostle of atheism; nor was the irregularity of 
his life thought worthier of animadversion than the 
uncertainty of his livelihood. The informer whose name 
has survived as that of his most venomous assailant wag 
duly: hanged the year after Marlowe’s death; and the 
list of his charges, first published by Ritson, is hardly 
a document which can commend itself to any man’s 
confidence as plausibly or even possibly accurate in all 
its detailed report of the violent and offensive nonsense 
attributed to the freethinking poet in common conver- 
sation ‘‘concerning his damnable opinions.”’ 

The majestic and exquisite excellence of various lines 
and passages in Marlowe’s first play must be admitted 
to relieve, if it cannot be allowed to redeem, the stormy 
monotony of Titanic truculence which blusters like a 
simoom through the noisy course of its ten fierce acts. 
With many and heavy faults, there is something of gen- 
uine greatness in Zamburlaine the Great; and for two 
grave reasons it must always be remembered with 
distinction and mentioned with honor. — It is the first 
poem ever written in English blank verse, as distin- 
guished from mere rhymeless decasyllabics; and it 
contains one of the noblest passages, perhaps indeed 
the noblest in the literature of the world, ever written 
by one of the greatest masters of poetry in loving praise 
of the glorious delights and sublime submission to the 
everlasting limits of his art. In its highest and most 
distinctive qualities, in unfaltering and infallible com- 
mand of the right note of music and the proper tone of 
color for the finest touches of poetic execution, no poet 
of the most elaborate modern school, working at ease 
upon every consummate resource of luxurious learn- 
ing and leisurely refinement, has ever excelled the best 
and most representative work of a man who had liter- 
ally no models before him, and probably or evidently 
was often if not always compelled to write against time 
for his living. 

The just and generous judgment passed by Goethe 
on the /uustus of his English predecessor in tragic 
treatment of the same subject is somewhat more than 
sufficient to counterbalance the slighting or the sneer- 
ing references to that magnificent poem which might 
have been expected from the ignorance of Byron or the 
incompetence of Hallam. And the particular note of 
merit observed, the special point of the praise confer- 
red, by the great German poet should be no less suffi- 
cient to dispose of the vulgarmisconception yet lin- 
gering among sciolists and pretenders to criticism, 
which regards a writer than whom no man was ever 
born with a finer or a stronger instinct for perfection of 
excellence in execution as a mere noble savage of letters, 
a rough self-taught sketcher or scribbler of crude 
and rude genius, whose unhewn blocks of verse had 
in them some veins of rare enough metal to be quar- 
ried and polished by Shakespeare. What most im- 
pressed the author of Faust in the work of Marlowe 
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was a quality the want of which in the author of Man- 
fred is proof enough to consign his best work to the 
second or third class at most. ‘‘ How greatly it is all 
planned !”’ the first requisite of all great work, and one 
of which the highest genius possible to a greatly gifted 
barbarian could by no possibility understand the nature 
or conceive the existence. That Goethe ‘‘ had thought 
of translating it’’ is perhaps hardly less precious a 
tribute to its greatness than the fact that it has been 
actually and admirably translated by the matchless 
translator of Shakespeare—the son of Victor Hugo ; 
whose labor of love may thus be said to have made 
another point in common, and forged as it were 
another link of union, between Shakespeare and the 
young master of Shakespeare’s youth. Of all great 
poems in dramatie form it is perhaps the most re- 
markable for absolute singieness of aim and simplicity 
of construction ; yet is it wholly free from all possible 
imputation of monotony or aridity. Zamburluine is 
monotonous in the general roll and flow of its stately 
and sonorous verse through a noisy wilderness of per- 
petual bluster and slaughter; but the unity of tone 
and purpose in Doctor Faustus is not unrelieved by 
change of manner and variety of incident. The comic 
scenes, written evidently with as little of labor as of 
relish, are for the most part scarcely more than tran- 
scripts, thrown into the form of dialogue, from a popu- 
lar prose History of Dr. Faustus, and therefore should 
be set down as little to the discredit as to the credit 
of the poet. Few masterpieces of any age in any lan- 
guage can stand beside this tragic poem—it has hardly 
the structure of a play—for the qualities of terror and 
splendor, for intensity of purpose and sublimity of 
note. In the vision of Helen, for example, the intense 
perception of loveliness gives actual sublimity to the 
sweetness and radiance of mere beauty in the passion- 
ate and spontaneous selection of words the most choice 
and perfect; and in like manner the sublimity of sim- 
plicity in Marlowe’s conception and expression of the 
agonies endured by I’austus under the immediate im- 
minence of his doom gives the highest note of beauty, 
the quality of absolute fitness and propriety, to the 
sheer straightforwardness of speech in which his 
agonizing horror finds vent ever more and more terri- 
ble from the first to the last equally beautiful and 
fearful verse of that tremendous monologue which has 
no parallel in all the range of tragedy. 

It is now a commonplace of criticism to observe and 
regret the decline of power and interest after the open- 
ing acts of The Jew of Malta. This decline is unde- 
niable, though even the latter part of the play is not 
wanting in rough energy and a coarse kind of interest; 
but the first two acts would be sufficient foundation 
for the durable fame of a dramatic poet. In the blank 
verse of Milton alone, who perhaps was hardly less 
indebted than Shakespeare was before him to Mar- 
lowe as the first Knglish master of word-musie in its 
grander forms, has the glory or the melody of passages 
in the opening soliloquy of Barabas been possibly sur- 
passed. The figure of the hero before it degenerates 
into caricature is as finely touched as the poetic execu- 
tion is excellent; and the rude and rapid sketches of 
the minor characters show at least some vigor and 
vivacity of touch. 

In Edward the Second the interest rises and the 
execution improves as visibly and as greatly with the 
course of the advancing story as they decline in The 
Jew of Malta. The scene of the king’s deposition at 
Kenilworth is almost as much finer in tragie effect and 
poetic quality as it is shorter and less elaborate than 
the corresponding scene in Shakespeare’s King Rich- 
ard If, The terror of the death-scene undoubtedly 
rises into horror; but this horror is with skilful sim- 
plicity of treatment preserved from passing into dis- 
gust. In pure poetry, in sublime and splendid imagi- 
nation, this tragedy is excelled by Doctor Faustus; in 
dramatic power and positive impression of natural 
effect it is as certainly the masterpiece of Marlowe. It 
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was almost inevitable, in the hands of any poet but 
Shakespeare, that none of the characters represented 
should be capable of securing or even exciting any finer 
sympathy or more serious interest,than attends on the 
mere evolution of successive events or the mere dis- 
play of emotions (except always in the great scene of 
the deposition) rather animal than spiritual in their 
expression of rage or tenderness or suffering. The 
exact balance of mutual effect, the final note of scenic 
harmony, between ideal conception and realistic execu- 
tion is not yet struck with perfect accuracy of touch and 
security of hand; but on this point also Marlowe has 
here come nearer by many degrees to Shakespeare 
than any of his other predecessors haye ever come 
near to Marlowe. 

Of The Massacre at Paris it is impossible to judge 
fairly from the garbled fragment of its genuine text 
which is all that has come down to us. To Mr. Col- 
lier, among numberless other obligations, we owe the 
discovery of a noble passage excised in the piratical 
edition which gives us the only version extant of this 
unlucky play, and which, it must be allowed, contains 
nothing of quite equal value. This is obviously an 
occasional and polemical work, and being as it is over- 
charged with the anti-Catholic passion of the time has 
a typical quality which gives it some empirical signifi- 
cance and interest. hat antipapal ardor is indeed 
the only note of unity in a ion and ragged chronicle 
which shambles and stumbles onward from the death 
of Queen Jeanne of Navarre to the murder of the last 
Valois. It is possible to conjecture, what it would be 
fruitless to affirm, that it gave a hint in the next cen- 
tury to Nathaniel Lee for his far superior and really 
admirable tragedy on the same subject, issued ninety- 
seyen years after the death of Marlowe. 

In the tragedy of Dido, Queen of Carthage, a ser- 
vile fidelity to the text of Virgil’s narrative ie natu- 
rally resulted in the failure which might have been ex- 
pected from any attempt at once to transcribe what is 
essentially inimitable and to reproduce it under the 
hopelessly alien conditions of dramatic adaptation. 
The one really noble passage in a generally feeble and 
incomposite piece of work is, however, uninspired by 
the unattainable model to which the dramatists have 
been only too obsequious in their subservience. It is 
as nearly certain as anything can be which depends 
chiefly upon cumulative and collateral evidence that 
the better part of what is best in the serious scenes of 
King Henry VI. is mainly the work of Marlowe. ‘That 
he is at any rate the principal author of the second 
and third play passing under that name among the 
works of Shakespeare, but first and imperfectly printed ~ 
as The Contention between the two Famous Houses of 
York and Lancaster, can hardly be now a matter of 
debate among competent judges. The crucial difficulty 
of criticism in this matter is to determine, if indeed 
we should not rather say to conjecture, the authorship 
of the humorous scenes in prose, showing as they gen- 
erally do a power of comparatively high and pure 
comic realism to which nothing in the acknowledged 
works of any pre-Shakespearean dramatist is even re- 
motely comparable. Yet especially in the original 
text of these scenes as they stand unpurified by the 
ultimate revision of Shakespeare or his editors, there 
are tones and touches which recall rather the clownish 
horseplay and homely ribaldry of his predecessors than 
anything in the lighter interludes of his very earliest 
plays. We find the same sort of thing which we find 
in their writings, only better done than they usually 
do it, rather than such work as Shakespeare’s a little 
worse done than usual. And eyen in the final text of 
the tragic or metrical scenes the highest note struck 
is always, with one magnificent and unquestionable 


exception, rather in the key of Marlowe at his best 
than of Shakespeare while yet in great measure his 
disciple. 


Had every copy of Marlowe’s boyish version or per- 
version of Ovid's Elegies deservedly perished in the 
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flames to which it was judicially condemned by the sen- 
tence of a brace of prelates, it is possible that an occa- 
sional book-worm, it is certain that no poetical student, 
would have deplored its destruction, if its demerits 
could in that case have been imagined. His trans- 
lation of the first book of Lucan alternately rises above 
the original and fails short of it,—often inferior to the 
Latin in point and weight of expressive rhetoric, now 
and then brightened by a clearer note of poetry and 
lifted into a higher mood of verse. Its terseness, 
vigor, and purity of style would in any case have been 
praiseworthy, but are nothing less than admirable, if 
not wonderful, when we consider how close the trans- 
lator has on the whole (in spite of occasional slips into 
inaccuracy) kept himself to the most rigid limit of 
literal representation, phrase by phrase and often line 
by line. The really startling force and felicity of occa- 
sional verses are worthier of remark than the inevita- 
ble stiffness and heaviness of others, when the techni- 
eal difficulty of such a task is duly taken into ac- 
count. 

One of the most faultless lyrics and one of the love- 
liest fragments in the whole range of descriptive and 
fanciful poetry would have secured a place for Marlowe 
among the memorable men of his epoch, even if his 
plays had perished with himself. His Passionate 
Shepherd remains ever since unrivalled in its way—a 
way of pure fancy and radiant melody without break 
or lapse. The untitled fragment, on the other hand, 
has been very closely rivalled, perhaps very happily 
imitated, but only by the greatest lyric poet of Kng- 
Jand—by Shelley alone. Marlowe’s poem of Hero and 
Leander, closing with the sunrise which closes the 
night of the lover’s union, stands alone in its age, and 
far ahead of the work of any possible competitor be- 
tween the death of Spenser and the dawn of Milton. 
In clear mastery of narrative and presentation, in melo- 
dious ease and simplicity of strength, it is not less pre- 
eminent than in the adorable beauty and impeccable 
perfection of separate lines or passages. 

The place and the value of Christopher Marlowe as 
a leader among English poets it would be almost im- 
possible for historical criticism to overestimate. To 
none of them all, perhaps, have so many of the great- 
est among them been so deeply and so directly 
indebted. Nor wasever any great writer’s influence 
upon his fellows more utterly and-unmixedly an influ- 
ence for good. He first, and he alone, guided Shake- 
speare into the right way of work; his music, in which 
there is no echo of any man’s before him, found its own 
echo in the more prolonged but hardly more exalted 
harmony of Milton’s. He is the greatest discoverer, 
the most daring and ingpired pioneer in all our poetic 
literature. Before him there was neither genuine 
blank verse nor a genuine tragedy in our language. 
After his arrival the way was prepared, the paths were 

made straight, for Shakespeare. (A. CG. 8.) 

MARLY-LE-ROI, chief place of a canton in the 
department of Seine-et-Oise, France, 5 miles to the 
north of Versailles and 3 miles to the south of St. Ger- 
main-en-Laye, is, notwithstanding some fine country 
houses, a dull and unattractive village of 1250 inhab- 
itants, which owes all its celebrity to the sumptuous 
chateau of Louis XIV. It was originally designed as 
a simple hermitage to which the king could occasion- 
ally retire with a few of his more intimate friends from 
the pomp of Versailles, but gradually it grew until it 
became one of the most ruinous extravagances of the 
Grand Monarque. The central pavilion (inhabited by 
the king himself) and its twelve subsidiary pavilions 
were intended to suggest the sun surrounded by the 
signs of the zodiac. Seldom visited by Lonis XV., 
and wholly abandoned by Louis XVI., it was demol- 
ished after the Revolution, its art treasures having 
previously been dispersed, and all that now remains 
consists of a few mouldering ivy-grown walls, some 
traces of parterres with magnificent trees, the park, 
which is well stocked with game, and the forest of 83 
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square miles, one of the most pleasant promenades of 
the neighborhood of Paris. 


Close to the Seine, half-way between Marly-le-Roi and 
St. Germain, is the village of Port-Marly (500 inhabitants), 
and 1 milefarther up is the hamlet of Marly-la-Machine. 
Here, under Louis XIV., an immense hydraulic engine, 
driven by the current of the river, was erected; it raised 
the water to a high tower of 155 meters (508 English feet), 
where the aqueduct of Marly commenced (2100 English feet 
in length, 75 in height, with 36 arches, still well-pre- 
served), carrying the waters of the Seine to Versailles. The 
first engine of Marly began to work in 1682, but it was ne- 
cessary to modify it in 1803. In 1826 a steam-engine was 
substituted, and since 1858 an atmospheric engine has been 
employed. 

MARMONT, AvaustrE Freptéric Louis VIESSE DE 
(1774-1852), duke of Ragusa, and marshal of France, 
one of Napoleon’s earliest friends and most trusted 
generals, was born at Chatillon-sur-Seine, on June 20, 
1774. He was the son of an ex-officer in the army, 
who belonged to the petite noblesse, and had adopted 
the principles of the Revolution. His love of soldier- 
ing soon showing itself, his father took him to Dijon 
to learn mathematics prior to entering the artillery, and 
there he made the acquaintance of Bonaparte, which 
he renewed after obtaining his commission when he 
served in Toulon. The acquaintance ripened into in- 
timacy; Marmont became General Bonaparte’s aid-de- 
camp, and accompanied him to Italy and Egypt, win- 
ning distinction and promotion as general of Ne Alar 
In 1799 he left Egypt with Bonaparte to the mercy of 
the English ; he was present at the revolution of the 
18th Brumaire, and organized the artillery for the ex- 
pedition to Italy, which he commanded with great 
effect at Marengo. Jor this he was at once made gen- 
eral of division. In 1801 he became inspector-general 
of artillery, and in 1804 grand officer of the Legion of 
Honor. In 1805 he received the command of a corps, 
with which he did good service at Ulm. He was then 
directed to oceupy Dalmatia with his army; he de- 
feated the Russians on October 30 at Castel Nuovo, 
and occupied Ragusa. ‘The next five years were the 
most creditable in his life; he was both military and 
civil governor of Dalmatia, and has still left traces 
there both in great public works and in the memories 
of the people. In 1807 he was made duke of Ragusa, 
and in 1809, being summoned upto the help of Napo- 
leon, who was closely beset in the island of Lobau, 
earned the marshal’s baton by his conduct at Wagram. 
In July, 1810, he was hastily summoned from his pal- 
ace, where he lived in Hastern luxury, to succeed 
Masséna in the command of the French army in the 
north of Spain, called the army of Portugal. The skill 
with which he mancouvred his army during the year 
he commanded it has been always acknowledged. His 
relief of Ciudad Rodrigo in the autumn of 1811 in 
spite of the presence of the English army was a great 
feat, and in the tactics which preceded the battle of 
Salamanca he had the best of it. The extension of his 
left on the 22d July, 1812, was, however, fatal, and its 
result was the great defeat of Salamanca, in which 
Marmont was severely wounded in the right arm 
and side. He retired to France to recover, and 
was still hardly cured when in April, 1813, Napo- 
leon gave him the command of the 6th corps. With 
it he served at the battles of Liitzen, Bautzen, and 
Dresden, and throughout the great defensive campaign 
of 1814, until the last desperate battle before the walls 
of Paris, from which he drew back his forces to the 
commanding position of Essonne. Here he had 20,- 
000 men in splendid condition, and was the pivot 
of all thoughts. Napoleon said of Hssonne, ‘‘ C’est 
]& que viendront s’addresser toutes les intrigues, 
toutes les trahisons; aussi y ai-je placé Marmont, 
mon enfant élevé sous ma tente.’’ Marmont betrayed 
this trust and suffered for it. On the restoration of the 
Bourbons he was made a peer of Irance, and a major- 

eneral of the royal guard, and in 1820a knight of St. 
Hort and a grand officer of the order of St. Louis, 
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but he was never trusted, neverpopular. He was the 
major-general of the guard on duty in July, 1830, and 
was ordered to put down with a strong hand any oppo- 
sition to the ordinances (see FrRANcE). After perse- 
vering for some time he gave way, and allowed the re- 

ublicans to succeed in their revolution. This defection 
jouctt more obloquy upon him, and the Due d’An- 
gouléme even ordered him under arrest, saying, ‘* Will 
you betray us, as you betrayed him?’’ After this 

armont left France and wandered about the Conti- 
nent for twenty years, publishing many volumes of 
travels, an edition of Caesar and of Xenophon, and 
his Esprit des Institutions Militaires. Much of his 
time was spent upon his Mémoires, which are of real 
value for the military history of his time, though 
they must be read as a personal defence of himself in 
various junctures rather than as an unbiassed account 
of his times. They show Marmont, as he really was, an 
embittered man, who never thought his services sufh- 
ciently requited, a great artillery general indeed, but 
without the fire of genius which is so striking in sey- 
eral of his contemporaries, and above all, a man too 
much in love with himself and his own glory to be a 
true friend or a faithful servant. 

For Marmont’s military ability consult Napier, Jomini, 
and the historians of the time, particularly General Pelet. 
His own works are Voyage en Hongrie, etc., 4 vols., 1837; 
Voyage en Sicile, 1838; Esprit des Institutions Militaires, 1845 ; 
César ; Xenophon ; and Mémoires, 8 vols., published after his 
death in 1856. See also a long and careful notice by 
Sainte-Beuve, Causeries du Lundi, vol. vi. 


MARMONTEL, JEAN FRAN GoIsS (1723-1799), one | 


of the most distinguished men of letters in Paris dur- 
ing the latter half of the 18th century, was born of 
poor parents in Limousin, on the 11th of July, 1723. 
After studying with the Jesuits at Mauriac, he taught 
in their colleges at Clermont and Toulouse; and in 
1745, acting on the advice of Voltaire, he set out for 
Paris to try for literary honors. From 1748 to 1753 
he wrote a succession of tragedies which,’ though for 
the most part considered prolix and artificial by mod- 


ern readers, had great success on the stage, and secured | 


to Voltaire’s new disciple a good position in literary 
and fashionable circles. Being now associated with 
Diderot and D’Alembert, he wrote for the great Hn- 
cyclopédie a series of articles evincing considerable 
critical power and insight, which in their collected 
form, under the title H/éments de Littérature, still 


rank among the higher French classics. He also wrote | 


several comic operas, the two best of which probably 
are Sylvain and Zémire et Azore. In 1758 he gained 
the patronage of Madame Pompadour, and was soon 
after appointed manager of the official journal Le Mer- 
cure, in which he had already commenced a series of 
elegant and attractive tales. These were the Contes 
Moraux, on which, according to some critics, Marmon- 
tel’s literary reputation mainly rests. Their merit lies 
partly in the literary style, which in delicate finish 
frequently rivals that of his master Voltaire, but 
mainly in their graphic and charming pictures of 
French society under Louis XV. After being elected 
to the French Academy, in 1763, he appears to have 
been ambitious to create a new literary style, exempli- 
fied notably in his dull prose-epic romance Bélisaire, 
now remarkable only on account of a chapter on reli- 
gions toleration which incurred the censure of the 

orbonne and the archbishop of Paris. Marmontel 


retorted in Les Incas, by tracing the cruelties in Span-: 


ish America to the religious fanaticism of the Roman 
Catholic invaders. 

After being appointed historiographer of France, 
secretary to the Academy (1783), and professor of his- 
tory in the Lycée (1786), Marmontel in 1788 wrote a 
history of the regency, which is of little value. To 
compensate for this, however, he in 1795 began his 
Mémoires, the most interesting and valuable if not the 


1 Denys le Tyran, 1748 ; Aristoméne, 1749; Cléopdtre, 1750; Héra- 
clides, 1752; Egyptus, 1753. 
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greatest of his works, being a picturesque review of his 
whole life, a literary history of two important reigns, a 

reat gallery of portraits extending from the venerable 

fassillon, whom more than half,a century previously 
he had seen at Clermont, to the fiery Mirabeau amidst 
the tempestuous first years of the French Revolution. 
Reduced to poverty by the Revolution, Marmontel in 
1792 retired from the Reign of Terror to Kyreux, and 
soon after to a cottage near Gaillon, in the department 
of Eure. ‘To that retreat we owe the Mémoires, and 
there, after a short stay in Paris when elected in 1797 
to the Conseil des Anciens, he died on the 31st 
December, 1799. 


See Villenave, Notices sur, Marmontel ; Sainte-Beuve, Cau- 
series, vol. iv.; Morellet, loge, 1805; Edinburgh Review, 
January, 1806. 


MARMORA, SzaA or. See BLAck Sma. 

MARMOT. The word marmot may be considered 
to include animals belonging to the three following 
genera:—the true marmots, forming the genus Arcto- 
mys (‘‘bear-mouse’’), so called from the thickset, bear 
like form of its members; the prairie marmots of 
North America, better known as the ‘‘ prairie dogs”’ 
(Cynomys, ‘‘ dog-mouse’’) ; and the rouched marmots, 
or sousliks, comprising the genus Spermophilus, or 
seed-lovers, so named from the character of their food. 
These three genera are all closely allied to each other, 
and together form the subfamily Arctomyinee of the 
great squirrel family, the Sciwridc, of which the only 
other subfamily, the Securinc, consists of the true 
squirrels (Sc/wrus) and the flying-squirrels (Pteromys). 
The members of the marmot subfamily are confined to 
the northern hemisphere, and in fact are almost en- 
tirely limited to the north temperate zone, in marked 
contrast to the genera of the subfamily Seiwrince, which 
attain their greatest development in tropical or semi- 
tropical countries. 

The Arctomyine agree in the possession of somewhat 
short, stumpy bodies, comparatively short tails (except 
in certain sousliks), and long and powerful claws suita- 
ble for burrowing. They all have broad, strong, and 
ungrooved incisors or cutting teeth, two pairs of pre- 
molars above and one below, and three pairs of true ~ 
molars in each jaw. ‘The grinding teeth are all on the 
whole very similar, the first upper premolar much 
smaller than the others, and nearly round, the next 
three teeth triangular in outline, and each with either 
two or three transverse grooves upon the crown; the 
last molar is rather broader and more complicated than 
the others, as is shown in fig. 2. The general form of 
the skeleton is very similar to that of the true squir-_ 
rels, but the bones as a rule are stouter and heavier. 

1. The following are the generic characters of 
Arctomys. External form stout and heavy, ears short, 
tail short and hairy, cheek-pouches rudimentary or 
absent. Tore feet with four well-developed toes, and 
a rudimentary thumb provided with a flat nail; skull 
(see MAMMALIA, p. 422, fig. 92) similar in general form 
to that of the other genera, but very much larger and 
heavier, the post-orbital processes stouter, and at right 
angles to the axis of the skull. Incisors broad and 
powerful. First upper premolar nearly as large as the 
second. Molar series nearly parallel, scarcely con- 
verging behind at all. : 

The various species of marmot, about ten in number, 
are all much alike in general appearance, ranging in 
size from about 15 to 25 inches in length, with tails 
from 8 to 6 inches long. The following are the species 
now generally recognized, though the Central-Asiatic 
forms are still very imperfectly known :— 


Arctomys marmotia, Linn., southern Europe, the Alps, 
Pyrenees, and Carpathians; A. bobac, Schreb., eastern Eu- 
rope and Siberia; A. himalayanus, Hodgs., southwest Tibet ; 
A. hemachalanus, Hodgs., Nepal; A. caudatus, Jacquemont, 
Cashmere; A. dichrous, Anderson, Afghanistan; A. awreus, 
Blanford, Turkestan; A. monaz, Linn., eastern North 
America; A. flaviventer, Aud. and Bach., western United 
States; A. pruinosus, Gmel., northwestern North America. 
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Tt will thus be seen that one species only is peculiar 
to Kurope, and three to North America, while at least 
six, and perhaps more, are found in various paris of 
Central Asia,—one of these, A. bobac, occurring also 
as far west as Russia and eastern Germany. 


After Brehm, 


Fic. 1—Alpine Marmot (Arctomys marmotta), 


The following account of the habits of the Alpine 
marmot, A. marmotta, extracted from Professor Bla. 
sius's well-known work on the mammals of Germany, 
applies, with but little variation, to all the members of 
the genus. 


Marmots live high up in the snowy regions of the moun- 
tains, generally preferring exposed cliffs, whence they may 
have a clear view of any approaching danger, for which, 
while quietly basking in the sun or actively running about 
in search of food, a constant watch is kept. When one of 
them raises the cry of warning, the loud piercing whistle 
so well known to travellers in the Alps, they all instantly 
take to flight and hide themselves in holes and crannies 
among the rocks, often not reappearing at the entrance of 
their hiding-places until several hours have elapsed, and 
then frequently standing motionless on the look-out for a 
still longer period. Their food consists of the roots and 
leaves of various Alpine plants, which, like squirrels, they 
lift to their mouths with their fore paws. 

For their winter quarters they make a large round burrow, 
with but one entrance, and ending in a sleeping-place 
thickly padded with hay. Here often from ten to fifteen 
marmots pass the winter, all lying closely packed together 
fast asleep until the spring. On awaking, hungry with 
their long fast, they remove the hay with which they stuff 
np the doors of their burrows, and resume their life of 
activity and watchfulness. The breeding season is in the 
early summer, when they bring forth from four to six 
young ones. Their flesh, although coarse and rank, is eaten 
by the peasants, and their fur, though of but little value, 
is also made use of. 


2. Our second genus is Cynomys, containing only 
the well-known ‘* prairie dogs,’’ or more correctly 
“* prairie marmots,’’ of the United States. ‘The genus 
may be characterized as follows. Size and form inter- 
mediate between Arctomysand Spermophilus. Ears 
and tail short. Cheek-pouches shallow. Fore feet 
with five claws, that on the thumb as large as that on 
the fifth toe. Skull heavily built, the post-orbital 
rocesses directed outwards. Dentition, as shown in 
g. 2, remarkably heavy, the molar teeth differing from 
those of Arctomys and Spermophilus by having three 
instead of two transverse grooves on their crowns. 
First premolar nearly as large as the second. Molar 
series strongly convergent behind. 

f this genus two species have been described, very 
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closely allied to each other, but separable by their 
slightly different size and coloration. The larger and 
better-known of the two is the eastern prairie mar- 
mot, C. ludovicianus, Ord., inhabiting the open prairies 
of the central 
United States, 
while the smaller 
species, C. colum- 
bianus, Ord., is 
found to the west- 
ward as far as the 
Rocky Mountains. 

The habits of 
the prairie mar- 
mots have been so 
often described 
that everyone is 
familiar with their 
custom of forming 
their burrows~ in 
groupsor‘‘towns,”’ 
of sitting outside 
to watch intruders, 
and of making the 
peculiar — barking 
sound from which 
they have derived 
their —_ erroneous 
popular name of 
prairie dogs. In the burrows made by them there are 
commonly found three strange and, notwithstanding the 
earlier travellers’ tales, certainly unwelcome visitors, 
namely, rattlesnakes, owls, and weasels, all of which at 
times probably prey upon the young marmots. Prairie 
marmots do not truly hibernate, although in the more 
northern and colder parts of their range they retire to 
their burrows during the very severest weather. ‘They 
feed on grasses and roots, for whose mastication, how- 
ever, their grinding teeth appear to be unnecessarily 
powerful. 

3. The last genus to which the name marmot may 
be applied is that of the sousliks or pouched mar- 
mots Usensphaliay of which the following are the 
characters. Size much smaller than that of Arctomys 
or Cynomys, and form more slender and squirrel-like. 
Tail very variable, from 1 to 8 or 9 inches in length. 
Cheek-pouches always present. Fore feet with well- 
developed toes and a rudimentary thumb, of which 
the claw may be either present or absent. Skull much 
more lightly built than that of either of the preceding 
genera, and the post-orbital processes slender and di- 
rected backwards. Molar series nearly parallel, as in 
Arctomys, but all much smaller and leghter ; the first 
premolar simply rounded, never more than about one- 
third of the size of the second. 

The members of this large genus present a far 
greater range of variation than is found among the true 
marmots, some of them, such as the Huropean sous- 
lik, being scarcely as large as a common squirrel, 
almost entirely without external ears, and with the 
tail reduced to a mere stump, barely an inch long, 
while others again ave more than three times this size, 
with Jong and often tufted ears and long bushy squir- 
rel-like tails. These differences, and other correspond- 
ing cranial ones, have caused the genus to be divided 
into the three following subgenera :—Spermophilus 
prcper, containing thirteen or fourteen species, of 
small size, with rudimentary ear-conchs, short stumpy 
tails, and comparatively large teeth ; Otospermophilus, 
two species, of squirrel-like build, with large and 
tufted ears, and long bushy tails; and Jctidomys, with 
four species, of very slender, weasel-like form, with 
short ears, long but slender tails, and comparatively 
small teeth. The last two subgenera are confined to 
North America, while the range of the first is ex- 
tremely similar to that of Arctomys, although certain 
species penetrate somewhat farther south in the New 

orld, and none are found so far west in Europe.. 


Fic, 2.—Under Side of Skull of Cynomys 
ludovicianus. 
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Professor Blasius gives the following details of the 
habits of the common European souslik (\S. cvtillus, L.). 


It lives in dry treeless plains, especially on a sandy or 
clayey soil,and is never found either in forests or on 
swampy ground. It forms burrows, often 6 or 8 feet deep, in 
which food is stored up and the winter sleep takes place. 
Each burrow has but one entrance, which is closed up when 
winter approaches,—a second hole, however, being previous- 
ly formed from the sleeping-place to just below the surface 
of the ground. This second hole is opened the next year, and 
used as the ordinary entrance, so thatthe number of closed 
up holes round a burrow gives an indication of the length of 
time that it hasbeen occupied. Sousliks ordinarily feed on 


roots, seeds, berries, etc., but occasionally also on animal | 


food, preying readily on eggs, small birds, and mice, the 
remains of these latter being often found in their burrows. 
They bring forth in the spring from four to eight young 
ones, which, if taken early, may be easily tamed, They are 


often caten by the peasants, the inhabitants of the Russian | 


steppes considering their flesh an especial delicacy. (O. T.) 


MARNE, a department of the northeast of France, 
made up from Champagne-Pouilleuse, Rémois, Per- 
thois, Vales and La Brie-Champenoise, districts 
formerly belonging to Champagne. Its chief town, 
Chalons-sur-Marne is 92 miles in a direct line east of 
Paris. Bounded on the W. by Seine-et-Marne and 
Aisne, on the N. by Ardennes, on the EH. by Meuse, on 
the S. by Haute-Marne and Aube, it is situated be- 
tween 48° 317 and 49° 26’ N. lat., and 3° 25’ and 5° KH. 
long. It greatest length from northeast to southwest is 
73 miles and the area 3159 square miles. About one- 
half of this consists of Champagne-Pouilleuse, a mo- 
notonous and barren plain covering a bed of chalk 1300 
feet in thickness. On the west and on the east it is 
commanded by two ranges of hills. The highest point 
in the department (920 feet) is in the hill district of 
Rheims, which rises to the southwest of the town of 
the same name, between the Ves!e and the Marne. 
The lowest level (164 feet), where the Aisne leaves 
the department, is not far distant. To the south of 
the Marne the hills of Rheims are continued by the 
heights of La Brie (700 to 800 feet). Allthese belong 
geologically to the basin of Paris. They slope gently 
towards the west, but command the plain of Cham- 
pagne-Pouilleuse by a steep descent on the east. On 
the further side of the plain are the heights of Argonne 
(860 feet), formed of beds of the Lower Chalk, and 
covered by forests; they unite the calcareous formations 
of the Langres to the schists of Ardennes, and a con- 
tinuation of them stretches southward into Perthois and 
the marshy Bocage. ‘The department belongs entirely 
to the Seine basin, but of that river there are only 13 
miles, in the southwest; it there receives the Aube, 
which has 10 miles within the department. ‘The prin- 
cipal river is the Marne, which runs through the de- 
partment for 105 miles in a great sweep concave to, the 
southwest, passing Vitry-le-Frangois, Chalons, Eper- 
nay, and Dormans. In its course through the depart- 
ment it falls from 410 to 213 feet. The principal 
tributaries are the Saulx (which receives the Ornain) 
on the right, and on the left the Blaise, which waters 
Vassy, the Somme Soude, and the Surmelin (with its 
tributary the Dhuis), whence Paris issupplied; besides 
the Petit Morin and the Grand Morin. Of the last 
three only the upper courses lie within the department. 
The Aisne enters the department at a point 12 miles 
from its source, and traverses it for 35 miles, watering 
Ste. Menehould. Two of its affluents on the left, the 
Suippe and the Vesle, on which stands Rheims, have 
a longer course from southeast to northwest across 
the department. 


Marne has the climate of the region of the Seine; the an- 
nual mean temperature is 50° Fahr., the rainfall about 24 
inches. Of the total area about three-fourths consists of 
arable Jand, and a sixth is under forest, whilst a twenty- 
‘fifth is meadow land. Vineyards cover 63.7 square miles. 
‘The department is largely stocked with sheep (536,000, of 
~which 133,000 are a mixed merino breed, whose wool is used 
‘in the manufacture of merinoes, flannels, and cashmeres). 
Cattle are estimated to number 95,260; horses 53,000; pigs, 
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| 62,000; goats, 6000; and asses, 6000; these last are used in 
| the narrow pathways which intersect the vineyards. About 
600,000 tb of honey and 240,000 tb of wax are produced, 
The vineyards, though not of great extent, are of high value 
from the quality of their products. The manufacture of the 
| sparkling wines of Champagne is an important industry, of 
which Epernay, Rheims, and Chalons are the chief centres, 
The yearly exportation is about 20,000,000 bottles, at the 
average value of half a crown a bottle. Cereals are grown in 
excess of the local consumption. Corn, hay, rye, barley, po- 
tatoes, and beetroot are the chief crops. Several communes 
supply the more valuable vegetables. In 1881 the produce 
of wine was more than 14} million gallons. The principal 
| orchard fruits are the apple, plum, and cherry. Pine woods 
are largely planted in Champagne-Pouilleuse. The de- 
partment produces iron ore, phosphate of lime, quantities 
of turf, and extellent millstones and stone for building. 

The chief industry is that in wool, which has brought to- 
gether, in the neighborhood of Rheims, establishments for 
spinning, carding, dyeing, and weaving. The materials 
wrought are flannels, merinoes, tartans, shawls, rugs, and 
fancy articles. In 1879 the aggregate length of the vari- 
ous stuffs measured at Rheims was 12,198 miles. This busi- 
ness alone occupies 30,000 operatives in the department, 
and produces annually nearly 800,000 pieces, valued at £18,- 
000,000. Hosiery in woollen employs 420 loonis, and in cot- 
ton 1800. Marne contains blast-faurnaces, iron, copper, and 
bell foundries, and manufactories of agricultural imple- 
ments. Besides these there are tanyards, currying and 
leather-dressing establishments, and glassworks, which, 
with sugar-works and breweries, complete the list of the 
most important industries. Biscuits and gingerbread are 
a specialty of Rheims. The chief imports are wool, coal, 
and colonial wares; the exports are wine, grain, live stock, 
stone, whiting, pit-props, and woollen stuffs. Transport is 
supplied by the river Marne and the canal connecting it 
with the Rhine and with the Aisne, and by 300 miles of 
railway. The population in 1881 was 421,027, an increase 
of 116,371 since 1801, There are five arrondissements— 
those of ChAlons (the chef-lieu), Epernay, Rheims, Ste. Me- 
nehould, and Vitry-le-Frangois. The departinent belongs 
partly to the archbishopric of Rheims and partly to the see 
of Chalons. Chalons is the headquarters of the 6th army 
corps; to the north ofthe town is the great camp devoted 
to military exercises. 


MARNE, Haure-, a department of eastern France, 
made up for the most part of districts belonging to the 
former province of Champagne (Bassigny, Perthois, 
Vallage), with smaller portions of Lorraine and Bur- 
gundy, and some fragments of Franche-Comté. It lies 
between 47° 35’ and 48° 407 N. lat., and between 4° 407 
and 5°55’’ K. long., the capital, Chaumont, being 133 
miles east-southeast from Paris in a direct line, and it is 
bounded on the N. KE. by Meuse, on the east by Vosges, 
on the 8. E. by Hante-Saéne, and onthe 8. and 8. W. 
by Céte d’Or, on the W. by Aube, and on the N. W. by 
Marne. ‘The extreme length from north-northwest to 
south-southeast is 81 miles, and the area 2402 square 
miles. Its greatest elevation (1693 feet) is in the pla- 
teau of Langres, between the sources of the Marne and 
those of the Aube; the watershed between the basin of 
the Rhone on the south and those of the Seine and 
Meuse on the north, which is formed by the plateau of 
Langres andthe Monts Faucilles, has an average height 
of 1500 or 1600 feet. The country descends rapidly 
towards the south, but in very gentle slopes northwards. 
To the north is Bassigny (‘‘ paybas,’’ as distinguished 
from the highlands), a district of country characterized 
by monotonous flats of small fertility, and generally 
under wood. The lowest level of the department is 
360 feet. Hydrographically Haute-Marne belongs for 
the most part to the basin of. the Seine, the remainder 
to those of the Rhone and the Meuse. ‘The principal 
stream is the Marne, which rises here, and has a course 
of 75 miles within the department. Among the more 
important affluents of the Marne are on the right the 
Rognon, and on the left the Blaise, one of the rivers 
of France most fully utilized for the supply of water- 
power. The Saulx, another tributary of the Marne on, 
the right, also rises in Haute-Marne. Westward the 
department. is watered by the Aube and its tributary 
the Aujon, both of which haye their sources on the 
| plateau of Langres. The Meuse also rises in the Monts 
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Faucilles, and has a course of 31 miles within Haute- 
Marne. On the Mediterranean side the department 
sends to the Sadne the Apance, the Amance, the 
Salon, and the Vingeanne. ‘he climate is partly that 
of the Seine region, partly that of the Vosges, and 
partly that of the Rhone; the mean temperature is 
51° F., nearly that of Paris; the rainfallis slightly be- 
low the average for France. 

Of the total area rather more than oneghalf is arable, 
about a third is under wood, a twentieth under meadow, 
and a fortieth is occupied by vineyards. There are 39,000 
horses (extensively bred in Bassigny), 86,000 head of cattle, 
170,000 sheep, 58,000 pigs, 6000 goats, 25,000 beehives, and 
a large quantity of all kinds of poultry. Though not very 
fertile, the soil is well cultivated, and in 1878 yielded 
1,271,363 hectolitres of wheat, 144,348 of barley, 1,446,421 


of oats, 1,177,187 of potatoes, besides meslin, rye, buckwheat, 


dried legumes, colza, beetroot, and hemp. Upwards of 8 
million gallons of wine of ordinary quality were produced 
in 1881. The timber consists chiefly of oak, beech, elm, 
ash, maple, birch, and aspen ; the orchards produce cherries, 
apples, pears, and prunes. The department is very rich in 
iron; the annual output of 300,000 tons is exceeded only 
by that of Meurthe-et-Moselle. Building and paving stones 
are quarried. The warm springs of Bourbonne-les-Bains 
are among the longest-known and most frequented in 
France. The leading industry is the metallurgical; in 
1881 76,000 tons of pig iron and 85,000 of wrought iron 
were produced. The establishments include blast-furnaces, 
foundries, forges, plate-rolling works, and shops for nail- 
making and smith work of various descriptions. St. Dizier, 
the place of largest population, is the chief centre of manu- 
facture and distribution. The cutlery trade alone occupies 
6000 persons in the neighborhood of Langres. The depart- 
ment employs 1800 spindles in the woollen manufacture ; 
glove-making, basket-making, brewing, tanning, and other 
industries are also carried on. The principal import is coal, 
while iron, stone, wood, and cereals are exported. The 
population in 1876 was 253,943, making an increase of 
27,288 since 1801. There are three arrondissements (Chau- 
mont, Langres, and Vassy), the capital being Chaumont. 

MAROCCO, See Morocco. 

MARONITES (Syriac, Méradnédyé; Arabic, Mawa- 
rina), an ecclesiastical community, and therefore also, 
according to the usage of the Christian Hast, a distinct 

olitical or social body, found mainly in or near the 
Tobey, acknowledging the headship of the pope and 
the Latin standard of orthodoxy, but still retaining 
some peculiar privileges, including the ‘use of a Syriac 
service—which few even of the priests now understand 
—and permission for the inferior clergy to marry. 
Maronite writers, trained either at Rome (in the Mar- 
onite college, founded by Gregory XIII. in 1584) or 
under Roman influences, have not unnaturally striven 
to prove that their church was always in essential ac- 
cord with the Church of Rome except in ritual, but 
there is clear evidence that this is incorrect. The ear- 
liest references to the Maronites (beginning in the 8th 
century) leave no doubt that they were Monothelites, 
and there is contemporary evidence (William of Tyre) 
that they only abjured their heresies in 1182, when 


* with their patriarch and some bishops they joined the 


Latin Chureh. Kven in later times it has cost Rome 
much pains and money to attach them closely to her- 
self and produce real conformity to Latin or ultimately 
to Tridentine orthodoxy. The origin of the Maronites 
and their earlier history are obscure. The name is no 
doubt connected with the monastery of St. Maron, 
near the source of the Orontes, one of the chief monas- 


teries of Syria in the 6th century:! the Maronites 


themselves (Assemani, Bib. Or., i. 496 sg.) have much 
to tell of their great patriarch John Maron, or rather 
John of Maron, who studied at the convent of St. 
Maron, converted the Lebanon to orthodoxy, and died 
707 A.D. Much of the history of this personage is 
certainly fabulous.” 


1 The ruins of this place are described by Robinson. Bib. Re- 
searches, iii, 589; Renan, Phénicie, p. 119. 

2 The John of Maron known to Bar-Hebreeus (Chron. Eccles., i. 
463), and placed in the 10th century, was apparently a Monophys- 
ite. That pun ephvalte as well as Monothelite doctrine was once 
current among the Maronites appears from various things in their 
ecclesiastical books, which they now try to explain away or reject 
as interpolations. 
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Though the Maronite college at Rome sent forth 
some distinguished scholars—the grammarian Amira, 
| Gabriel Sionita, Abraham Eccheliensis, and the three 
Assemanis—the Maronite community never took on 
much Western culture. A simple warlike race, they 
long maintained a great measure of internal freedom 
under their native nobility, only paying tribute to the 

asha of Tripoli; and for a time, when the princely 
fetes of Shihab left Islam and became Maronites, they 
greatly outweighed the Druses in their influence in the 
Lebanon.’ Since the fall in 1840, of the Maronite emfr 
Beshir, who was only by outward profession a Moslem, 
their power has sunk. Tor their subsequent history 
see vol. vii. p. 419, and for statistics, etc., at the pre- 
sent time, see LEBANON. 

The seat of the Maronite patriarch is at Kannébin 
(Coenobium); the bishopries are Aleppo, Baalbek, 
Jebeil, Tripoli, Hhden, Damascus, Beirit, Tyre, and 
Cyprus. 

See in general Le Quien, Oriens Christianus, iii, 1-100; 
Nairon, De origine, etc., Maronitarum, Rome, 1679; Dandini’s 
account of the mission of 1596 in the French translation 
with R. Simon’s notes ( Voyage du Mont Lebanon, Paris, 1685) ; 
Schnurrer, De Ecclesia Maronitica, 1810-1811; and Rédiger’s 
article ‘““Maroniten” in Herzog’s Real-Encycl. 


MAROONS. A négre marron is defined by Littré 
as a fugitive slave who betakes himself to the woods; 
a similar definition of e’marron (apparently from cima, 
a mountain top) is given in the Dictionary of the 
Spanish Academy. The old English form of the word 
is symaron (see Hawkins’s Voyage, sec. 68). The 
designation in modern English is applied almost as a 
proper name to the descendants of those negroes in 
Jamaica who at the first English occupation in the 
17th century fled to the mountains. See vol. xiii. p. 
560. ee 

MAROS-VASARHELY, a royal free town of 
Hungary, and capital of the Transylvanian county of 
Maros-T'orda, is situated on the Maros and on the 
Hungarian Hastern Railway, 50 miles northeast of 
Hermannstadt, in 46° 30’ N. Jat., 24° 31’ KH. long. It 
is the seat of the ‘‘royal table’’ court of appeal for 
the Transylvanian circle, of royal and cireuit courts 
of law, of a board of works, and of offices of assay and 
of the Government tobacco monopoly; as also the 
headquarters both of the militia and regular infantry 
for the district. ‘The town is well built, partly upon 
rising ground, and has a citadel with barracks, three 
churches (one large and handsome), and a college be- 
longing to the Calvinists; Roman Catholic and Greek 
Orthodox churches, religious houses, and schools; a 
public library of 80,000 volumes, with a picture gallery 
and fine collection of minerals; a theatre, a hospital, 
and several philanthropic and industrial institutes. 
The trade is chiefly in timber, planks, materials for 
house-roofing, grain, wine, tobacco, and other products 
of the neighborhood. Both weekly and special markets 
are held. At the end of 1880 the population amounted 
to 12,843 (6265 males, 6578 females), Magyars and 
Roumanians by nationality. 

MAROT, Criément (1496-1544), one of the most 
agreeable if not one of the greatest poets of France, 
and a figure of all but the first importance in her liter- 
ary history, was born at Cahors, the capital of the 
province of Quercy, some time during the winter of 
the year 1496-97. He was, however, not a southern 
by blood, at least by his father’s side. hat father, 
Jean Marot, whose more correct name appears to have 
been Mares, Marais, or Marets, was a Norman of the 
neighborhood of Caen. He was himself a poet of con- 
siderable merit, and held the post of eseripvain (appa- 
rently uniting the duties of poet laureate and historio- 
grapher) to Anne of Britanny. He had however, on 
what business or in what capacity is not known, re- 
sided in Cahors for a considerable time, and was twice 
married there, his second wife, whose name is not 


8 See Niebuhr, Reisebeschr., vol. ii.; 


Volney, Voyage; Robinson, 
Researches, ii. 506. ¥ 
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known, being the mother of Clément. The boy was 
“brought into France’’—it is his own expression, and 
is not unnoteworthy as showing the strict sense in 
which that term was still used at the beginning of the 
16th century—in 1506, and he appears to have been edu- 
cated at the university of Paris, and to have then begun 
the study of the law. But, whereas most other poets 
have had to cultivate poetry against their father’s will, 
Jean Marot took great pains to instruct his son in the 
fashionable forms of versemaking, which indeed re- 
quired not a little instruction. It was the palmy time 
of the rhétoriqueurs, poets who combined stilted and 


pedantic language with an obstinate adherence to the | 


allegorical manner of the 15th century and to the most 


complicated and artificial forms of the Ballade and the | 


Rondeau, Clément himself practised with diligence 
this poetry (which he was to do more than any other man 
to overthrow), and he has left panegyrics of its cory- 
pheeus Guillaume Crétin, the unfortunate suggester 
of the Raminagrobis of Rabelais. Nor did he long 
continue even a nominal devotion to law. He became 
page to a certain Messire de Neuville, and this opened 
to him the road of court life. Besides this, his father’s 
interest must have been not inconsiderable, and the 
house of Valois which was about to hold the throne 
of France for the greater part of a century, was devoted 
to letters. As early as 1514, before the accession of 
Francis I., Clément presented to him his Judgment of 
Minos, and shortly afterwards he was either styled or 
styled himself fuctewr (poet) dela reineto Queen Claude. 
In 1519 he was attached to the suite of Marguerite d’ An- 
gouléme, the king's sister, who was for many years to be 
the mainstay not only of him but of almost all French 
men of letters. In 1524 he drew 95 livres annually 
from her as a pension, and he had a post in the house- 
hold of her husband the Duc d’Alengon. It is certain 
that Marot, like most of Marguerite’s literary court, 
and perhaps more than most of them, was greatly at- 
tracted by her gracious ways, her unfailing kindness, 
and her admirable intellectual accomplishments, but 
there is not the slightest ground for thinking that his 
attachment was other than platonic. Indeed the most 
famous passage of his poems which relates to the future 
queen, in which he describes her ‘‘ sweet refusal with 
a sweeter smile,’’ is tolerably decisive on the point. It 
is, however, evident that at this time either sentiment 
or matured critical judgment effected a great change 
in his style, a change which was wholly for the better. 
At the same time he celebrates a certain Diane, whom 
it has been sought to identify with Diane de Poitiers. 
There is nothing to support this idea and much against 
it, for it was an almost invariable habit of the poets 
of the 16th century, when the mistresses whom they 
celebrated were flesh and blood at all (which was not 
always the case), to celebrate them under pseudonyms. 
In the same year 1524, Marot accompanied Francis on 
his disastrous Italian campaign. fe was wounded 
and taken at Pavia, but soon released, and he was 
back again at Paris by the beginning of 1525. His 
luck had, however, turned. Marguerite for intellectual 
reasuus, and her brother for political, had hitherto 
favored the double movement of Aufklérung, partly 
humanist, partly Reforming, which distinguished the 
beginning of the century. Formidable opposition to 
both forms of innovation, however, now began to be 
manifested, and Marot, who was at no time particularly 

rudent, was arrested on a charge of heresy and lodged 
in the Chatelet, February, 1526. But this was only a 
foretaste of the coming trouble, and a friendly prelate, 
acting for Marguerite, extricated him from his durance 
before Haster. The imprisonment gave him occasion 
to write a vigorous poem on it entitled Mnfer, which 
was afterwards imitated by his luckless friend Dolet. 
His father died about this time, and Marot seems to 
have been appointed to the place which Jean had 
latterly enjoyed, that of valet de chambre to the king. 
He was certainly a member of the royal household in 
1528, with a stipend of 250 livres, besides which he 
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had inherited property in Quercy. In 1530, probably, 
he married. ext year he was again in trouble for 
heresy, and was again rescued; this time the king 
and queen of Navarre seem to have bailed him them- 
selves. In 1532 he published, under the title of Ado- 
lescence Clémentine, a title the characteristic grace of 
which excuses its slight savor of affectation, the first 
printed collection of his works, which was very popu- 
lar, and wag frequently reprinted with additions. 
Dolet’s edition of 1538 is believed to be the most 
authoritative. Unfortunately, however, the poet’s 
enemies were by no means discouraged by their pre- 
vious ill success, and the political situation was very 
unfavorable to the Reforming party. In 1535 Marot 
was again summoned to appear on the charge of heresy, 
and this time he was advised or thought it best to fly. 
He passed through Béarn, and then made his way to 
Renée of Ferrara, a supportér of the French Reform- 
ers as steadfast as her aunt Marguerite, and even more 
efficacious, because her dominions were out of France. 
At Ferrara he wrote a good deal, his work there inclu- 
ding his celebrated Blusons (a deseriptive poem, im- 
proved upon medieval models), which set all the verse 
writers of France imitating them. But the duchess 
Renée was not able to persuade her husband, Hreole 
d’ Hste, to share her views, and Marot had to quit the 
e then went to Venice, but before very long 
obtained permission to return to France. Francis 
himself, though a fickle and unsafe patron, was at- 
tached to him, and in 1539 gave him a house and 
grounds in the suburbs. It was at this time that his 
famous translations of the Psalms appeared. The 
merit of these has been sometimes denied, owing ap- 
parently to the absurd partiality which seems in the 
case of some critics to make it impossible for the reader 
to appreciate the manner of a work to the matter of 
which he is opposed on political or religious grounds. 
It is, however, considerable, and the powerful influence 
which the book exercised on contemporaries is not 
denied by any one. The great persons of the court 
chose different pieces, each as his or her favorite. 
They were sung in court and city, and they are said, 
with exaggeration doubtless, but still with a basis of 
truth, to have done more than anything else to advance 
the cause of the Reformation in France. Indeed the 
vernacular prose translations of the Scriptures were in 
that country of little merit or power, and the form of 
poetry was still preferred to prose, even for the most 
incongruous subjects. At the same time Marot en- 
gaged in a curious literary quarrel characteristic of 
the time, with a bad poet named Sagon. Half the 
verse writers of France ranged themselves among the 
Marotiques or the Sagontiques, and a great deal of versi- 
fied abuse was exchanged. The victory, as far as wit was 
concerned, naturally rested with Marot, but his bio- 
graphers are probably not fanciful in supposing that a 
certain amount of odium was created against him by 
the squabble, and that, as in Dolet’s case, his subse- 
quent misfortunes were not altogether unconnected 
with a too little governed tongue and pen. Although 
on his last return into France he had formally abjured 
his errors, the publication of the Psalms gave the Sor- 
bonne a handle, and the book was condemned by that 
body. In 1543 it was evident that he could not rely 
on the protection of Francis, who was probably too 
selfish in any case to have given him inconvenient help, 
and who, like many of his family, was disposed to 
compound with the church for a libertine life by cere- 
monial devotion and by sacrificing heretics liberally. 
Marot accordingly fled to Geneva; but the stars were 
now decidedly against him. He had, like most of his 
friends, been at least as much of a freethinker as of a 
Protestant, and, notwithstanding the immense service 
he had done to the cause by the publication of his 
Psalms, this was fatal to his reputation in the austere 
city of Calvin. He had again to fly, and made his 
way into Piedmont, where he seems to have enjoyed a 
sort of left-handed protection from Francis, who then 
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held it. But the harassing effect of these constant 
persecutions, assisted very likely by the careless living 
which was but too common at the time, proved too 
much for him, and he died at Turin in the autumn of 
1544, aged barely forty-eight. 

In character Marot seems to have been a typical French- 
man of the old stamp, cheerful, good humored, and amiable 
enough, but probably not very much disposed to elaborately 
moral lifeand conversation or toserious reflection. He has 
sometimes been charged, though on no very definite grounds, 
with a want of independence of character, and his attitude 
towards his patrons was certainly not that of almost 
haughty equality which Ronsard brought in; but it is fair 
to remember that Marot belonged almost as much to the 
Middle Ages as to the Renaissance, and that in the Middle 
Ages men of letters naturally attached themselves as de- 
pendants to the great. Such seanty knowledge as we have 
of his relations with his equals is favorable to him. He 
certainly at one time quarrelled with Dolet, or at least wrote 
a violent epigram against him, for which there is no known 
cause. But, as Dolet quarrelled with almost every friend 
he ever had, and in two or three cases played them the 
shabbiest of tricks, the presumption is not against Marot 
in this matter. Whatever may have been Marot’s personal 
weaknesses, his importance in the history of French liter- 
ature 1s very great, and it is wont nowadays to be rather 
under- than over-valued. Coming immediately before a 
great literary reform—that of the Pléiade—Marot suffered 
the drawbacks of his position; he was both eclipsed and 
decried by the partakers in that reform. In the reaction 
against the Pléiade he recovered honor; but its restoration 
to virtual favor, a perfectly just restoration, has again un- 
justly depressed him. Yet Marot isin no sense one of those 
writers of transition who are rightly obscured by those 
who come after them. He himself was a reformer, and a 
reformer on perfectly independent lines, besides which it 
may be said that he carried his own reform as far as it 
would go. Ithas beensaid that his early work was couched 
in the rhétoriqueur style, the distinguishing characteristics 
of which are elaborate metre and rhyme, allegoric matter, 
and pedantic language. In his second stage he entirely 
emancipated himself from this, and became one of the 
easiest, least affected, and most vernacular poets of France. 
In these points indeed he has, with the exception of La 
Fontaine, no rival, and the lighter verse writers ever since 
have taken one or the other or both as model. In his third 
period he lost a little of this flowing grace and ease, but 
acquired something in stateliness, while he certainly lost 
nothing in wit. Itis beyond question that Marot is the 
first poet who strikes readers of French as being distinct- 
ively modern. He is not so great a poet as Villon nor as 
some of his successors of the Pléiade, but he is much less 
antiquated than the first (whose works, as well as the Roman 
de la Rose, it may be well to mention that he edited) and 
not so elaborately artificial as the second. Indeed, if there 
be a fault to find with Marot, it is undoubtedly that in his 
gallant and successful effort to break up, supple, and liquefy 
the stiff forms and stiffer language of the 15th century, he 
made his poetry almost too vernacular and pedestrian, In 
his hands, and while the style Marotique’ was supreme, 
French poetry ran some risk of finding itself unequal to 
anything but graceful vers de société. But it is only fair to 
remember that for a century and more its best achieve- 
ments, with rare exceptions, had been vers de société which 
were not graceful. 

There is a very cheap, handsome, and useful edition of Marot 
by Jannet and Héricault, 4 vols., Paris, 1873; but M. Georges Guif 
frey is slowly producing a costly and splendid work, containing 
a vast quantity of unpublished matter, which will undoubtedly 
be the standard. This work contains much biographical detail, 
which, however, as being still incomplete, is not ayailable to 
modify former accounts. (G, SA.) 


MARQUESAS ISLANDS, or MenpafNa Istanps 
(French, Les Marqwises), an archipelago of twelve 
islands lying been 7° 50’ and 10° 35’ S. lat., and 138° 
80’ and 140°50’ W. long. They extend over 200 miles 
from S.K. to N.W., and havea total area of 489 square 
miles. The lower or true Marquesas group consists of 
the islands Fatouhiva or Magdalena, Motane or San 
Pedro, Tahouata or Sta. Christina, and Hivaoa or Do- 
minica, the last with a coast-line of more than 60 miles. 
With these is often included the rocky islet of Feto- 
hougo or Hood’s, lying in mid-channel to the north of 
Hivaoa. The northwestern or Washington group is 
formed of seven islands, the four largest being Roa- 
Poua or Adams, Houahouna or Washington, Nouka- 
hiva or Marchand (70 miles in circumference), and 
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Hiaou. Along the centre of each island is a ridge of 
mountains, sometimes attaining an altitude of 3500 
feet, whence rugged spurs forming deep valleys stretch 
towards the sea. The volcanic origin of the whole 
archipelago is proved by the principal rocks being of 
basalt, trachyte, and lava. Hxcept on a few barren 
peaks the islands are clothed with verdure, and in the 
valleys, which are well watered with streams and 
brooks, the vegetation isluxuriant. The flora includes 
over four hundred known species, many of them identi- 
cal with those belonging to the Society Islands. The 
vegetable products comprise bananas, bread-fruit, 
yams, plantains, wild cotton, bamboos, sugar-cane, 
cocoa-nut and dwarf palms, and several kinds of timber 
trees. The land fauna is, however, very poor: there 
are few mammals with the exception of dogs, rats, and 
pigs; and amphibia and insects are also generally 
scarce. Of twenty species of birds more than half 
belong to the sea, where animal life is as abundant as 
at other subtropical Polynesian groups. 

The climate of the Marquesas, although hot and 
humid, is not unhealthy. During the greater part of 
the year moderate easterly trade-winds prevail, and at 
the larger islands there are often both land and sea 
breezes; the rainy season, accompanied by variable 
winds, sets in at the end of November, and lasts for 
about six months. During this period the thermometer 
varies from 84° to 91° I’.; in the dry season its average 
range is from 77° to 86°. 

The inhabitants, a native Polynesian race, have in 
many respects a great affinity to the ahitians, but 
excel them in symmetry of form. They live chiefly on 
bread-fruit, vegetables, and fish, almost entirely neglect 
agriculture, but rear hogs and fowls in great numbers. 
They exchange live stock, timber, vegetables, fruit, 
and fresh water with traders for iron utensils, firearms, 
gunpowder, cloth, tobacco, and brandy. They are 
polite in their intercourse with strangers, susceptible 
and courageous, but at the same time excitable, re- 
vengeful, addicted to stealing, lazy, and immoral. The 
efforts of missionaries, whether Protestant or Roman 
Catholic, have hitherto proved of little avail either in 
converting them to Christianity or in improving their 
moral and social condition. At the commencement of 
the present century the population exceeded 20,000, 
but since then petty warfare, infectious maladies, and 
yarious other causes have greatly reduced its number ; 
and on the 31st of December, 1876, it reached only 
5754. 

In 1842 the Marquesas archipelago was formally 
taken possession of for France by Captain Du Petit- 
Thouars; and the French still maintain a nominal pro- 
tectorate over the islands, with a resident and a small 
garrison at Noukahiva. Since 1861, however, French 
colonization has been virtually abandoned. 


The Marquesas Islands were first discovered 21st July, 
1595, by Alvaro Mendafia, who, however, only knew of the 
southeast group, to which he gave the name of Marquesas 
de Mendoza, in honor of the viceroy of Peru. Cook, pur- 
suing the same track, rediscovered this group, with the 
addition of Fetohougo, in 1774. The northwest islands 
were first sighted by Ingraham the American in 1791, and 
were subsequently visited by Marchand (1791) and Hergest 
(1792). A more extensive investigation of the archipelago 
was made by Krusenstern in 1804. Of later navigators to 
the Marquesas the most noteworthy are Stewart (1829), 
Bennett (1835), and D’Urville (1838), and, since the date of 
the French occupation, Dumoulin, Jouan, and above all 
Jardin. 

See C. E. Meinicke, Die Inseln des stillen Oceans, Leipsic, 
1875-76; Tableaux de pop., etc., des col. frang. for 1877. 


MARQUETRY. See Furniture. 

MARQUETTE, a city and port of entry of the 
United States, and the county seat of Marquette 
county, Michigan, lies on a bluff about 25 feet above 
a bay of Lake Superior, and is a terminus of the Mar- 
quette, Houghton, and Ontonagon, and the Detroit, 
Mackinac, and Marquette Railroads. Though the popu- 
lation of the city was only 4690 in 1880, Marquette is 
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a place of importance as the chief ahipping port for the 
great iron-ore region of Western Michigan (787,150 
tons shipped in 1881), and contains a number of blast 
furnaces, foundries, machine-shops, and powder-mills, 
while at the same time it has a reputation as a resort 
for invalids and tourists. A Roman Catholic cathe- 
dral, convent, and orphan asylum are among the pub- 
lic buildings. 

MARQUETTE, Jacques, a Jesuit missionary and 
explorer was born in 1687 at Laon in France, and died 
May 18, 1675, on the banks of a small stream, now 
known as the Marquette, which has its mouth on the 
eastern shore of Lake Michigan. Ilaving joined the 
Society of Jesus, he sailed for Canada in 1666, spent 
eighteen months in the vicinity of Three Rivers, 
founded the mission of Sault Sainte Marie on Lake 
Superior in 1668, and followed the Hurons to Mack- 
inaw in 1671. It is mainly, however, as Joliet’s com- 
panion in his voyage down the Mississippi in 1678 
that Marquette holds a permanent position in the his- 
tory of discovery in America, 

His narrative, first published in Thevenot’s Recueil de 
Voyages (Paris, 1681), is printed along with other documents 
relating to him in Shea’s Discovery and BLuploration of the 
Mississippi Valley (New York, 18652), 

MARQUIS, or MArQunss, a title and rank of no- 
bility, the second in the order of the British peerage, 
and therefore next to duke, The first marquis in 
Kneeland was Robert de Vere, the ninth earl of Ox- 
ford, who by Richard [L., Ist December, 1385, was 
created marquis of Dublin, On the 18th of October 
following the patent of this marquisate was recalled, 
Robert de Vere then having been raised toa dukedom, 
Jolin de Beaufort, the second legitimate son of John of 
Gaunt, was created to the second marquisate as mar- 
quis of Dorset, 29th September, 1397. Irom that period 
this dignity appears to 
have been dormant till 
the reign of Henry VI. 
when it was revived, and 
thenceforward it main- 
tained its place in the 
British peerage. A mar- 
quis is ‘most honorable,’? and is styled 
marquis.’’ THis wife, who is also “ most honorable,’ is a 
marchioness, and is styled ‘my lady marchioness.”’ 
The coronet is a cirelet of gold on which rest four leaves 
and as many large pearls, all of them of equal height 
and connected, ‘The cap and lining, if worn, are the 
same as in the other coronets. he coronet, which in 
representations displays one central leaf with two 
pearls and two half-leaves, when without cap or lining, 
is Shown in the annexed woodcut, The mantle of par- 
liament is scarlet, and has three anda half doublings 
of ermine, 

MARRIAGH, Law ov! Marriage may be de- 
fined here as the act, ceremony, or process by which the 
legal relationship of husband and wife is constituted, 
In most if not all legal systems it takes the form of a 
contrack—the mutual assent of the parties being the 

rominent and indispensable feature of the ceremony. 

hether it is really a contract or not, and if so to what 
class of contracts it belongs, are questions which have 
been much discussed, but litorwthtoh it is not neces- 
sary to enter, While the consent of parties is wniver- 
sally deemed one of the conditions of a legal marriage, 
all the incidents of the relationship constituted by the 
act are absolutely fixed by law. In the United States 
it has been expressly decided that marriage is not a 
vontract within the meaning of the constitutional law, 
which prohibits state enactments ‘impairing the obli- 
gation of contracts.’’ Mr. Bishop, however, in his 
very valuable book on Marriage and Divorce, suggests 
that a State law permitting the status of marriage to 
be ereated without the consent of both parties would 
not be constitutional; but that is a difheulty arising 
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1 See also IUsBAND AND Wir and Divyoron, 
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out of the peculiar relation of the States to the Union. 
The question whether marriage is merely a contract or 
more than a contract, whether a purely civil or also a 
religious act, belongs to a similax order of inquiries. 
The jurist has only to deal with marriage in so far as 
it creates the legal status of husband and wife, It 
should be added that, while marriage is generally 
spoken of by lawyers as a contract, its complete isola- 
tion from all other contracts is invariably recognized, 
Its peculiar position may be seen at once by compar- 
ing it with other contracts giving rise to continuous 
relationships with more or less indefinite obligations, 
like those of landlord and tenant, master and ser- 
vant, etc. In these the parties may in general make 
their rights and duties a they Pe the law only 
intervening when they are silent. In marriage eyery 
resulting right and duty is fixed by the law.? 

Roman Law.—Vhe three primitive modes of mar- 
riage were confarrcatio, coemptio in manum, and usus, 
all of which had the effect of placing the woman in the 
“power”? (manus) of her husband, and on the same 
footing as the children. The first was a religious cere- 
mony before ten witnesses, in which an ox was sacri- 
ficed and a wheaten cake broken and divided between 
the spouses by the priest. Coemptio was a convey- 
ance of the woman by mane/patio, and might be 
deseribed as a fictitious sale per cs et Libram, like that 
employed in emancipation and testamentary disposition 
and other processes.  Usus was the acquisition of the 
wife by preseription, through her cohabtis ‘with the 
husband for one year without having been absent from 
his house three continuous nights, But a true mar- 
riage might be concluded without adopting any of 
these modes, and they all fell into desuetude and with 
them the subjection of the wife to the manus. Mar- 
riage without manus was contracted by the interchange 
of consent, without writing or formality of any icin d. 
By some jurists it is regarded as incomplete until con- 
summated by delivery of the woman, and is accordingly 
referred to the class of veal contracts. »'The restrictions 
as to age, relationship by consanguinity and affinity, 
yrevious marriage, ete., were in the main those which 
oe continued to prevail in modern KHurope with one 
important exception. The consent of the paterfumilias 
to the marriage of the children under his power was 
essential, 

In the Canon Law, which is related on the one 
hand to the civil law, on the other to the modern 
matrimonial law of Murope, although marriage was 
not merely a contract: but a sacrament, the validity of 
marriages by consent was nevertheless admitted. 
‘When the natural and civil contract was formed,” 
says Lord Stowell, ‘Sit had the full essence of matri- 
mony without the intervention of a priest. It had 
even in that state the character of a sacrament, for it 
is a misapprehension to suppose that this intervention 
was required as a mabler of necessity even for that 
purpose before the council of Trent,” 

Kngland.—Marriage may be the subject of an ordi- 
nary contract on which an action may be brought by 
either party. It is not necessary that the promise 
should ie in writing, or that any particular time should 
be named, ‘The parties were formerly inadmissible as 
Witnesses in this action; but they are now competent 
to give evidence, subject to the condition that the 
plaintiff shall not recover ‘unless his or her testimon 
shall be corroborated by some other material evidence ”’ 
(32 & 83 Vict. ¢ 68). The ordinary defences, ¢¢., 
fraud, discharge, minority, are available in these 
actions, and there ave also special defences arising 
from the nature of the contract, such as the bad 
character of the plaintiff, the relationship of the 
parties. within the prohibited degrees, ete. Promises 
to marry are not within the meaning of ‘agreement 

2 A full collection of juridical opinion as to the legal character 
of marriage ie to be found in Lord Fraser's Ausband and Wife, 


4 Some restrictions on marriage peculiar to the canon law aro 
noticed at the end of this article, 
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made in consideration of marriage’’ in the statute of 
frauds, which requires such agreements to be in writing. 
Contracts in restraint of marriage, 7.e., whose object is 
to prevent a person from marrying anybody whatever, 
are void, as are also contracts undertaking for reward 
to procure a marriage between two persons. ‘These 
latter are termed marriage brocage contracts. 

Any man and woman are capable of marrying, sub- 
ject to certain disabilities, some of which are said to 
e canonical as having been formerly under the cogni- 

zance of the ecclesiastical courts, others civil. ‘The 
effect of a canonical disability as such was to make 
the marriage not void but voidable. The marriage 
must be set aside by regular process, and sentence 
pronounced during the lifetime of the parties. Natu- 
ral inability at the time of the marriage to procreate 
children is a canonical disability. So was proximity 
of relationship within the prohibited degrees, which 
has been made an absolute avoidance of marriage by 
5 &6 Will. LV. c. 54. A pre-engagement to another 
person was at one time recognized asa canonical dis- 
ability. Civil disabilities are (1) the fact that either 
party is already married and has aspouse still living ;! (2) 
the fact that either party is a person of unsound mind ; 
(8) want of full age, which for this purpose is fixed at 
the age of puberty as defined in the Roman law, viz., 
fourteen for males and twelve for females ;* (4) proxim- 
ity of relationship within the prohibited degrees, 
already alluded to. The statute which lawyers regard 
as establishing the rule on this point is the 32 Henry 
VIII. c. 38 (repealed in part by 2 & 3 Kdw. VI. e¢. 23, 
in whole by 1 & 2 P. and M. ec. 8, but revived by 1 
Eliz. ¢. 1, and so left as under the act of Hdward), 
which enacts that ‘‘no prohibition, God’s law except, 
shall trouble or impeach any marriage without the 
Levitical degrees.’’ he forbidden marriages, as 
more particularly specified in previous statutes, are 
those between persons in the ascending and de- 
scending line i ‘njfinitum, and those between collater- 
als to the third degree inclusive, according to the 
computation of the civil law, which reckons from one 
of the persons related to the common stock and so down 
tothe other person. The prohibitions extend not only 
to consanguinet (related by blood) but to affines (re- 
lated by marriage). A man may neither marry his 
sister nor his deceased wife’s sister, for both are related 
to him in the second degree; nor hissister’s daughter, 
nor his deceased wife’s sister’s daughter, for both are 
in the third degree; but he may marry his first cousin, 
for she is in the fourth degree.  Cbonsanguinei of 
either spouse are related by affinity to the other; but 
the consunguinei of the one are not necessarily related 
to the consanguine? of the other. Hence two brothers 
may marry two sisters, or a father and a son amother 
and daughter. A husband is not related to the affines 
of his wife, and so a man may marry the widow of his 
deceased wife’s brother. ‘The rule as to collaterals in- 
cludes those related by the half blood and bastards 
(see Stephen’s Commentaries, book iii. ¢. 2). Other 
disabilities previously admitted were abolished by the 
statute of Henry. ‘The Act of 5 & 6 Will. LV. ¢. 54 
enacted that ‘‘all marriages which shall hereafter be 
celebrated between persons within the prohibited de- 
grees of consanguinity or affinity shall be absolutely 
null and void to all intents and purposes whatsoever.”’ 
They had previously, as already stated, been only 
voidable. ‘The Act at the same time legalized mar- 
riages within the prohibited degrees of affinity (but 
not consanguinity) actually celebrated before the 31st 
August, 1835. 


The celebration of marriages is now regulated wholly by 
statutory legislation. The most important Acts now in 


1 A divorce nisi does not enable the parties to marry until it is 
made absolute. 

2 A marriage in which either of the | oak is below the age of 
consent is, however, said to be not absolutely void; if the par- 
ties agree to continue together at the age of consent no new mar- 
riage is necessary, but either of them may disagree and avoid 
the marriage. , 
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force are the 4 Geo. [V.c.76 and the 6 &7 William IV. ¢. 85.3 
The former regulates marriages within the Church of Eng- 
land, but was intended to be of universal application, Jews 
and Quakers only being excepted by section 31. It requires 
either the previous publication of banns, or a licence from 
the proper ecclesiastical authority. As to banns, the rule 
of the rubric, so far as not altered by the statute, is required 
to be observed. They must be published on three succes- 
sive Sundays at morning service after the second lesson, in 
the church of the parish in which the parties dwell; the 
bishop may, however, authorize the publication of banns in 
a public chapel, Seven days’ notice must be given to the 
clergyman of the names of the parties, their place of abode, 
and the time during which they have lived there. If 
either party is under age, the dissent of the parents or 
guardians expressed at the time of publication of banns 
renders such publication null and void. Licence in lieu of 
banns may only be granted by the archbishop, bishop, or 
other authority, for the solemnization of a marriage within 
the church of the parish in which one of the parties shall 
have resided for fifteen days before. Before a licence can 
be granted an oath must be taken as to the fact of residence 
and that the necessary consent has been obtained in the 
case of persons under age. ‘The father, or lawful guardian, 
or mother if unmarried, or guardian appointed by the court, 
is each in order of substitution the proper person to consent 
to the marriage of a minor, and the place of any such per- 
son incapacitated mentally is taken by the lord chancellor. 
The absence of such consent does not, however, avoid a mar- 
riage ouce solemnnized, But if persons wilfully intermarry 
(unless by special licence) in a place not being a church or 
public chapel, or without due publication of banns or proper 
licence, or before a person not in holy orders, the marriage 
is null and void to all purposes. Marriage must be cele- 
brated within three months after banns or licence, and 
between the hours of eight and twelve in the morning. 

For the relief of the great body of dissenters the Act 6 & 
7 Will. LV. c. 85 was passed. It permits marriage to be 
solemnized in two additional ways,—viz. (1) by certificate 
of the superintendent registrar of a district without licence, 
and (2) by such certificate with licence. In the first case, no- 
tice must be given to the registrar of the district or districts 
within which the parties have resided for seven days pre- 
vious, which notice is inscribed in a marriage notice book, 
open to public inspection at all reasonable times, and there- 
after suspended for twenty-one days in some conspicuous 
place in the registrar’s office. The notice must be accom- 
panied by a declaration as to the absence of impediments, 
necessary consent, etc. Any person whose consent is 
necessary to an ecclesiastical licence may forbid the issue 
of a certificate, but in default of such prohibition the cer- 
tificate Will issue at the end of the twenty-one days. The 
marriage may then take place on any day within three 
months of the entry of notice, and in one of the following 
ways :—(1) in a certified place of religious worship, regis- 
tered for the solemnization of marriage; in that case a 
registrar of the district with two witnesses must be present, 
and the ceremony must include a mutual declaration of 
assent by the parties and a disavowal of any impediment ; 
(2) at the superintendent registrar’s office, with the same 
declaration, but with no religious service; (3) in a church 
according to the usual form, the consent of the minister 
thereof having been previously obtained; (4) according to 
the usages of Jews and Quakers. ‘Che place of marriage in 
all cases must haye been specified in the notice and cer- 
tificate. 

In the second case, when it is desired to proceed by 
licence, notice must be given to the registrar of the dis- 
trict in which one of the persons resides, together with a 
declaration that he or she has resided for fifteen days 
therein, that there is no impediment, and that the neces- 
sary consents if any have been obtained. The notice is 
not exhibited in the registrar’s office, and the certificate 
may be obtained at the expiration of one whole day after 
entry, together with the licence. No registrav’s licence 
can be granted for a marriage in church or according to 
the forms of the Church of England,—the ecclesiastical 
authorities retaining their monopoly in that respect. It is 
also provided that in the case of persons wilfully inter- 
marrying in a place other than that mentioned in the 
notice and certificate, or without notice or certificate, etc., 
the marriage shall be null and void. And, as under the 
former Marriage Act of Geo. IV., a valid marriage be- 
tween persons one of whom is under age, brought about 
by fraud or false outh, subjects the offending party to a 
forfeiture of all property that otherwise might accrue to 


3 A complete list of the acts regulating the solemnization of 
marriage or confirming marriages which through some defect 
ay be yoid will be found in Phillimore’s Leclesiastical Law, 
vol, i. : 
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him from the marriage, a like penalty is provided in like 
- eases under the later Act. 

It will be observed that the various rules as to consent 
of parents, etc., to the marriage of minors are regulations 
of procedure only. The absence of the necessary consent 
is not a disability invalidating a marriage actually solem- 
nized, 

The Act 26 Geo. II. c. 33, commonly known as Lord 
Hardwicke’s Act, which forbids the solemnization of mar- 
riage without banns or licence, also enacts that ‘in no case 
whatsoever shall any suit or proceeding be had in any 
ecclesiastical court in order to compel a celebratiun in facie 
ecclesize, by reason of any contract of matrimony whatso- 
ever whether per verba de presenti or per verba de futuro.” 
Blackstone observes that previous to this Act “any con- 
tract made per verba de presenti, or in words of the present 
tense, and in case of cohabitation per verba de futuro also, 
was deemed valid marriage to many purposes; and the 
parties might be compelled in the spiritual courts to cele- 
brate it in facie ecclesiz.” In his celebrated judgment in 
the case of Dalrymple v. Dalrymple, which turned on the 
effect of promises exchanged between the parties in Scot- 
Jand, Lord Stowell laid it down “as the basis of the canon 
law, the known basis of the matrimonial law of Europe,” 
that “in the irregular marriage, 7.e., sponsalia per verba de 
presenti, everything was presumed to be complete and con- 
summated in substance but not in ceremony; and the 
ceremony was enjoined to be undergone as a matter of 
order. In the sponsalia de futuro nothing was presumed to 
be complete or consummated either in substance or in 
ceremony, but if the parties who had exchanged the 
promise had carnal intercourse with each other the effect 
was to convert the engagement into an irregular mar- 
riage.” On the other hand, in the case of the Queen v. 
Millis in the House of Lords on appeal from the Irish 
Queen’s Bench, the position of Lord Stowell was strongly 
criticised. Lord Lyndhurst’s conclusion was that “ although 
a marriage contracted per verba de presenti was indissoluble, 
though it could not be released even by the mutual consent 
of the parties, though either of them might enforce it and 
compel solemnization, though it had the effect of render- 
ing voidable a subsequent marriage solemnized in facie 
ecclesix, eyen after the cohabitation and birth of children, 
though it was considered to be of the essence and sub- 
stance of matrimony—yet by the law of England it did 
not confer those rights of property or the more important 
right of legitimacy consequent on a marriage duly solem- 
nized according to the rites of the church.” The lords were 
equally divided in their decision, and the question has 
since been agitated not so much with reference to England, 
where after the Act of Geo. II. it had a merely historical in- 
terest, asto the colonies and the United States (see below), 
where the common law of England prevails unless changed 
by legislation. Dr. Lushington in the case of a marriage 
in New South Wales declared that, when there has been a 
“fact of consent between two parties to become man and 
wife,” such is ‘‘sufficient marriage to enable me to pro- 
nounce when necessary a decree of separation.” In the 
cases noticed the promises had been exchanged before 
ministers of religion not technically “in holy orders,” and 
the question has accordingly sometimes been put in the 
form whether, according to the common law, the inter- 
vention of a clergyman was necessary to a valid marriage. 

Royal Marriages in England have been subject to special 
laws. The Royal Marriage Act of 1772 (12 Geo. III. ¢. 11), 
passed in consequence of the marriages of the dukes of 
Cumberland and Gloucester, enacted that “no descendant 
of his late majesty George II. (other than the issue of 
princesses married or who may marry into foreign families) 
shall be capable of contracting matrimony without the 
previous consent of his majesty, his heirs and successors, 
signified under the great seal. But in case any descendant 
of George II., being above twenty-five years old, shall per- 
sist to contract a marriage disapproved of by his majesty, 
such descendant, after giving twelve months’ notice to the 
privy council, may contract such marriage, and the same 
may be duly solemnized without the consent of his majesty, 
etc., and shall be good except both Houses of Parliament 
shall declare their disapprobation thereto.” 


Scotland.—The chief point of distinction, as com- 
pared with English law, is the recognition of irregular 
marriages above noticed. (1) ‘‘A public or regular 
marriage,’’ says Fraser, ‘‘is one celebrated, after due 
proclamation of banns, by a minister of religion; and 
it may be celebrated either in a church or in a private 
house, and on any day of the week at any hour of the 
day.” The ministers of the national church at first 
alone could perform the ceremony; but the privilege 
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was extended to Episcopalians by 10 Anne ¢. 7, and to 
other ministers by 4 & 5 Will. IV. c. 28. (2) A mar- 
riage may also ‘‘be constituted by declarations made 
by the man and the woman that they presently do take 
each other for husband and wife.’’ These declarations 
‘‘may be emitted on any day at any time and without 
the presence of witnesses,’’ and either by writing or 
orally or by signs, and in any form which is clearly 
expressive of intention. Such a marriage is as effect- 
ual to all intents and purposes as a publi marriage. 
The children of it would be legitimate; and the parties 
to it would have all the rights in the property of each 
other, given by the law of Scotland to husband and 
wife. (3) A promise followed by copula does not, 
according to Fraser, constitute marriage, unless followed 
either by solemnization in facie ecclesice or declarator. 
On the other hand, in Lorimer’s Handbook it is urged 
that the promise and copula are mere tokens of con- 
sent recognized by the law, and that ‘‘the date of the 
marriage is the date of the copula.’? However this 
may be, Lord Moncreiff’s opinion in the case of Brown 
v. Burns is admitted on both sides to be good law, viz., 
that declarator is essential to the constitution of a 
marriage of this kind, so that, if no such declarator 
be brought in the lifetime of both parties, the mar- 
riage can never be established afterwards. The copula 
is presumed to have reference to the promise, but 
evidence may be adduced to show that such was not 
the case. 

By 19 & 20 Vict. c. 96, it is enacted that no irregular 
marriage shall be valid in Scotland, unless one of the 
parties have lived in Scotland for the twenty-one days 
next preceding the marriage, or has his or her usual 
residence there at the time. 

‘‘ Habit and repute’’ has sometimes been spoken of 
as constituting marriage in the law of Scotland, but it 
is more correctly described as evidence from which 
marriage may be inferred. The repute must be the 
general, constant, and unvarying belief of friends and 
neighbors, not merely the controverted opinion of a 
section of them. ‘The cohabitation must in Scot- 
land, but ift one case proof of cohabitation in another 
country was allowed, as tending to throw light on the 
nature of the cohabitation in Scotland. 

The consent of parents is not necessary to the va- 
lidity of the marriage, even of minors, but marriage 
es age of puberty with or without such consent 
is void. 

United States.—The absence of ecclesiastical courts 
has suggested difficulties as to the extent to which the 
law of England on this subject continued to prevail 
after the revolution. Bishop holds it to be the uni- 
versal fact running through all the cases that every- 
where in the country the English decisions on mar- 
riage and divorce are referred to with the same 
apparent deference which is shown on other subjects 
to the decisions of the Knglish common law and 
equity tribunals. The same author observes that ‘‘all 
our marriage and divorce laws, and of course all our 
statutes on the subject, in so far as they pertain to locali- 
ties embraced within the limits of particular States, 
are State laws and State statutes, the national power 
with us not having legislative or judicial cognizance 
of the matter within those localities.’’ Some of the 
States have extended the ages below which marriage 
cannot take place. The common law of the States is 
assumed to be that ‘‘a contract per verba de presenti, 
or per verba de futuro cum copula, constitutes a com- 
plete marriage.’’ Conditions, however, may be im- 
posed by the various State legislatures, and as to these 
the rule has established itself in American jurispru- 
dence that ‘‘a marriage good at common law is goo 
notwithstanding the existence of any statute on the 
subject, unless the statute contains express words of 
nullity.’’ Thus in Pennsylvania, where a statute pro- 
vided that all marriages ‘‘should be solemnized before 
twelve witnesses,’ marriages not so celebrated were 
nevertheless held to be good. In New Hampshire 
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justices and ministers of the gospel are authorized to 
solemnize marriage, and all other persons are forbidden 
to do so under penalties; yet a marriage by consent, 
as at common law, without justice or minister, has 
been held yalid. On the other hand, under a very 
similar statute in Massachusetts, it was held that 
““»narties could not solemnize their own marriage,’’ 
and that a marriage by mutual agreement, not in ac- 
cordance with the statute, was void. Bishop regards 
this as an isolated exception to the general course of 
the decisions. So when State legislation requires any 
particular form to be used the want thereof only in- 
validates the act if the statute so expressly enacts. 
Many of the State codes inflict penalties on ministers 
or justices for celebrating the marriage of minors with- 
out the consent of the parents or guardians. The 
original law as to prohibited degrees has been consid- 
erably modified in the States. he prohibition of 
marriage with a deceased wife's sister is said by Bishop 
to be all but unknown in the United States, Virginia 
apparently being the only one where it is still retained. 

ome writers apply the term legislative marriages to 
cases in which the State by enactment confirms a 
marriage which was void for some defect. Questions 


sometimes arise as to whether such enactments are | 


within the constitution of the State. 


France.—Articles 144-226 of the Code Napoléon prescribe 
the qualifications and conditions of marriage. The man 
must be eighteen and the woman fifteen years of age. A 
son under twenty-five, and a daughter under twenty-one, 
cannot marry without consent of the father and mother, or 
of the father only if they disagree, or of the survivor if 
one be dead, If both are dead grandfather and grand- 
mother take their place. A man after twenty-five and a 
woman after twenty-one are still bound formally to ask the 
consent of their parents; until the age of thirty and 
twenty-five respectively this request must be repeated 
twice, and after the third application parties are at liberty 
to marry without such consent. Even after the age of 
thirty, formal notice must be served on the parents or 
grandparents one month before marriage. If neither pa- 
rents nor grandparents be alive, parties under twenty-one 
require the consent of the family council. These rules 
apply to natural children when afliliated; those not aftili- 
ated require the consent of a specially appointed guardian. 
Marriage is prohibited between all ascendants and descend- 
ants in the direct line, and between persons related by 
marriage in the same line, between brother and sister, 
Tepyeen uncle and niece, and brother-in-law and sister-in- 

aw. 

Before solemnization of marriage, banns are required to 
be published on two distinct Sundays, containing the names, 
occupations, and domiciles of the parties and their parents, 
The marriage cannot take place until three days after the 
second publication, and if a year is allowed to elapse fresh 
banns must be put up. On the day appointed by the par- 
ties, and in the parish to which one of them belongs, the 
marriage is celebrated by the civil officer or registrar 
reading over to them the various necessary documents, 
with the chapter of the code relating to husband and wife, 
receiving from each a declaration that they take each other 
for husband and wife, and drawing up the act of marriage. 
All this has to be done in the presence of four witnesses. 

Marriages contracted abroad between French subjects or 
between French subjects and foreigners are valid in France 


if celebrated according to the forms of the foreign law, 


provided the French conditions as to banns and consent of 
parents have been observed. 

International Law.—In the “ conflict of laws” on the sub- 
ject of marriage, it has been well settled that the lex loci 
governs. If the marriage is valid by the law of the coun- 
try where it is celebrated it is recognized as valid every- 
where; if invalid there it is invalid everywhere. ‘“ This 
rule,” says Story, “has received the most deliberate sanc- 
tion of the English and American courts and of foreign 
jurists.” The most prominent, if not the only known ex- 
ceptions, Story considers to be marriages (1) involving incest 
or polygamy, or (2) forbidden by the public law of a coun- 
try through motives of policy, and (3) marriages gclebrated 
in a foreign country under circumstances which impose on 
the parties the law of their own country. Westlake (Pri- 
vate International Law, chap. iy.) lays it down as indispen- 
sable to the validity of a marriage that the lex loci should 
be satisfied in respect of forms, consent of parents and 
guardians, and capacity of the parties. The law of the 
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parties’ domicile should also be satisfied as to capacity un- 
less when it imposes incapacity of a penal nature unknown 
to the lex loci. Story, in reference te the first of@the three 
exceptions alluded to above, attempted to set up a clear and 
just moral difference between marriages that are incestu- 
ous by the law of nature and those that are so by the mu- 
nicipal law of particular States only, with more particular 
reference to consanguinity and affinity. ‘It would be a 
strong point to put that a marriage perfectly valid between 
aman and the sister of his former deceased wife in New 
England would be held invalid in Virginia or England, 
even though the parties formerly belonged to or were born 
in the Jatter country or State. But, as to persons not so 
belonging, it would be of the most dangerous consequence 
to suppose that the courts of either of them would assume 
the liberty to hold such marriages a nullity merely because 
their own jurisprudence would not in a local celebration of 
marriage therein uphold it.” This position has been ex- 
pressly disavowed by the English courts. In Brook v. Brook 
it was held that an Englishman’s marriage with his de- 
ceased wife’s sister during a residence in Denmark where 
the union is lawful is invalid in England. In Hyde v. Hyde 
in the English divorce court it was held that a marriage 
contracted in a country where polygamy is lawful between 
aman anda woman who profess a faith which allows po- 
lygamy is not a marriage as understood in Christendom ; 
and, although it was a valid marriage by the lew loci, and 
at the time when it was contracted both the man and the 
woman were single and competent to contract marriage, 
the court will not recognize it as a valid marriage in a mat- 
rimonial suit. The difference in the law of divorce in 
different countries produces many complications of this 
kind. It appears that a divorce of an English marriage 
abroad for cause not recognized in England as ground for a 
divorce will be upheld in England if the parties were 
domiciled at the time of the divorce in the foreign state; 
otherwise not. Compare also the French rule as to mar- 
riages of French subjects in foreign countries. The too 
frequent consequence of these variances is that the same 
persons are held married in one country and unmarried in 
another, while their children are legitimate in one country 
and illegitimate in another. There is no subject in relation 
to which the establishment of a common code for all civil- 
ized nations is more urgently required. 


Besides true marriage, with which we have been exclu- 
sively dealing hitherto, inferior forms of union have from 
time to time been recognized, and may be briefly noticed 
here. These have all but disappeared from modern society, 
depending as they do on matrimonial restrictions now ob- 
solete. 

The institution of slavery is a fruitful source of this kind 
of debased matrimony. In Roman law no slave could con- 
tract marriage, whether with another slave or a free person. 
The union of male and female slaves (contuberniwn) was 
recognized for various purposes; a free woman entering 
into a union with aslave incurred under the §.C. Claudi- 
anum the forfeiture of her own liberty ; but the bbndwoman 
might be the concubine of a freeman. In the United 
States, where slavery was said to be regulated by the prin- 
ciple of the civil law, the marriage of slaves was so far 
recognized that on emancipation complete matrimony took 
effect and the children became legitimate without any new 
ceremony. Such at least is the purport of the more recent 
decisions. 

In Roman law no legal marriage could be contracted un- 
less there was connubium between,the parties. Originally 
there was no connubium between plebs and patricians, and 
the privilege was conceded after a long struggle by the Lex 
Canuleia. In later times Latini and Peregrini were ex- 
cluded from connubium except where the right had been 
expressly conferred. The great matrimonial law of the 
early empire (Lex Julia et Papia Poppa) introduced re- 
strictions depending on the condition of the parties which 
later legislation extended and perpetuated. Senators un- 
der that law were forbidden to marry freedwomen or 
women of inferior rank, and the husband of a freedwoman 
becoming a senator was set free from his marriage. In the 
canon law! new restrictions were developed. Persons who 
bound themselves not to marry were deemed incapable of 
marrying. The order of the clergy were forbidden to 
marry. And disparity of faith was recognized by the early 
church as a bar to matrimony, e.g., between Christians and 
pagans, and between orthodox and heretics (see Dictionary 
of Christian Antiquities, art. ‘‘ Marriage”’), 

1 The restrictions are enumerated in the following lines :— 

Error. Conditio, Votum, Cognatio, Crimen, 
Cultus Disparitas, Vis, Ordo, Ligamen, Honestas, 


ZEtas, Affinis, si Clandestinus et Impos, 
Raptave sit mulier nec parti reddita tute. 
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CoNCUBINAGE, which such restrictions tended to develop, 
is noticed under a separate heading (q.v.). It might be de- 
scribed a# marriage which has no consequences, or only 
slight and peculiar consequences, in legal status. In the left- 
handed or ‘morganatic”! marriages of the German royal 
families we have the nearest approach ever made by con- 
cubinage to true marriage, the children being legitimate, 
but neither they nor the wife acquiring any right to the 
rank or fortune of the husband. Under the Royal Marriage 
Act in England a union of this kind has no matrimonial 
effect whatever. 

Differences of religion are no longer regarded in Christian 
countries as hindrances to marriage, except possibly in some 
branches of the Greek Church. But the marriage of per- 
sons of different religions frequently requires the inter- 
vention of the law as to the faith of the children, more 
particularly in Europe as between Catholics and Protest- 
ants. In some countries the clergy make it a condition 
of such marriages that the children shall be educated in 
the Catholic faith. English law gives the father an inde- 
feasible right to dictate the faith of his children, no matter 
what engagements he may have entered into (see INFANT). 
The practice on this point varies in Europe—the question 
being ignored in French law, Germany following in 
some parts the same rule as England, in others giving effect 
to ante-nuptial stipulations. In Ireland mixed marriages 
(i.e., between Catholic and Protestant) were by 19 Geo. II. 
¢. 13 null and void if celebrated by a Catholic priest. This 
Act is repealed by 33 & 34 Vict. c. 110, which permits 
mixed marriages to be validiy celebrated by an Episco- 
palian or Roman Catholic clergyman, subject to conditions 
set forth in section 38. (E. R.) 


MARRYAT, Freprerick (1792-1848), has never 
been surpassed as a writer of tales of nautical ad- 
venture. His own life supplied him with abundant 
raw materials for his art. The son of a wealthy Lon- 
don gentleman (who sat in parliament for several years 
for the boroughs of Horsham and Sandwich, and was a 
writer of verses and political pamphlets), he distin- 
guished himself as a boy by frequently running away 
towards sea; and at last, at the age of fourteen, he was 
allowed to enter the navy. His first service was under 
Lord Cochrane in the famous ‘‘ Impérieuse,’’ and no 
midshipman ever had a livelier apprenticeship to the 
sea. ‘The cruises of the ‘Impérieuse’ were,’’ he 
says, ‘‘ periods of continual excitement, from the hour 
in which she hove up her anchor till she dropped it 
again in port; the day that passed without a shot be- 
ing fired in anger was with us a blank day.’’ During 
his two and a half years of service under the daring 
and active Cochrane, the young midshipman witnessed 
more than fifty engagements, many of them extremely 
brilliant, and had experience of every description of 
service, fighting duels with fairly matched ships of 
war, engaging gunboats, engaging batteries, storming 
forts, capturing and cutting out merchantmen. Be- 
fore the general peace of 1815 he had added consider- 
ably to this experience of active service, and gained a 
wide knowledge of conditions of life on board ship un- 
der various commanders. He frequently received 
honorable mention for his behavior in action, and in 
1818 he received the medal of the Humane Society 
for ‘“‘at least a dozen’’ gallant rescues. He com- 
manded with distinction in the Burmese war of 1824— 
25. And Marryat’s honors were not confined to gal- 
lant exploits; he was the inventor of a code of signals, 
obtained some celebrity as a caricaturist, and was 
elected an F.R.S. 

_Marryat brought ripe experience and unimpaired 
vivacity to his work when he commenced novelist. 
His first production was Frank Mildmay, or the Naval 
Officer, published in 1829, and his second, published 
nine months later, The King’s Own. “1 think,” 
Washington Irving wrote to him soon after, ‘the 

1 Said to be so called because the wife’s rights were limited to 
the Morgengabe (donum matutinale). The common law in Ger- 
many permits them to the royal houses and the higher nobility 
and the law of Prussia to the lower nobility also. Inequality of 
condition (Unebenbirtigkeit) is not necessary to a marriage 
of this kind, which may be made between persons of equal rank, 
e.g., with the object of not prejudicing the children of a first mar- 
riage by allowing full rights to the offspring of asecond. A 


woman of high rank may make a morganatic alliance with a 
man of inferior position. 


| at that date given over. 
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chivalry of the ocean quite a new region of fiction and 
romance, and to my taste one of the most captivating 
that could be explored.’’ This was the general feel- 
ing. The freshness of the new field opened up to the 
imagination, so full of vivid lights and shadows, light- 
hearted fun, grinding hardship, stirring adventure, 
heroic action, warm friendships, bitter hatreds, was 
felt all the more keenly from its contrast with the 
world of the historical romancer and the fashionable 
novelist, to which the mind of the general reader was 
The novels of the sea captain 
at once won public favor. His first attempt was some- 
what severely criticised from an artistic point of view. 
Tt was without form, though the reverse of void; he had 
acked into it matter enough for half a dozen novels. 
Tarryat was accused also of gratifying private grudges 
by introducing real personages too thinly disguised. 
He admitted the justice of these criticisms, and rap- 
idly learnt the mechanical part of his new business 
without losing any of the vivacious charm of his style. 
The King’s Own was a vast improvement, in point 
of construction, upon Lrank Mildmay; and he went 
on, through a quick succession of tales, Newton Fors- 
ter, Peter Simple, Jacob Faithful, The Pacha of 
Many Tales, Japhet in Search of a Father, Mr. Mid- 
shipman Easy, The Pirate and the Three Cutters, 
till he reached his high-water mark of constructive 
skill in Snurley-yow, or the Dog Fiend (1837). Ifhe 
never surpassed this in story-telling art, humorous 
portraiture, and richness of incident, the records of 
circulating libraries and the pencilled comments of 
their subscribers show that his subsequent works—he 
produced twenty-four in all during his twenty years of 
authorship—were no less capable of riveting the atten- 
tion, especially of youthful readers. The following is 
the list, with the dates of publication:—The Phantom 
Ship (1839), A Diary in America (1839), Olla Pod- 
rida (1840), Poor Jack (1840), Masterman Ready 
(1841), Joseph Rushbrook (1841), Percival Keene 
(1842), Monsieur Violet (1842), The Settlers in Canada 
(1843), The Privateer’s Man (1844),. The Mission, or 
Scenes in Africa (1845), The Children of the New For-. 
est (1847), The Lnttle Savage (1847), and Valerie, not 
completed by Marryat (1849). Captain Marryat re- 
tired from the naval service in 1830, and thereafter 
worked as hard at literature as any professional man 
of letters, making special historical and geographical 
studies for several of the works in the above list. He 
edited the Metropolitan Magazine for four years (1832- 
36). Marryat’s novels were in the first flush of their 
success when Dickens was a youth, and they have an 
interest in the history of literature as forming an im- ~ 
portant link between Smollett and Fielding and the 
author of Sketches by Boz. He died in 1848. There 
is a biography by his daughter, Florence Marryat. 
MARS was a Roman deity whose name has passed 
into later literature as that of the war god. There 
erew in Rome a tendency, fostered by Greek influence, 
to consider Jupiter as the one great god, and the other 
deities as representing special sides of his character. 
Mars then was identified with the Greek ARES (q.v.), 
and was regarded as almost the same in nature with 
the warlike element in Jupiter as Feretrius and Tri- 
umphator. In the actual worship of the Romans 
Mars bears a very different character, which, however, 
had almost disappeared from the mind of the people 
before Augustus built in the Forum his temple to 
Mars Ultor, the avenger of the murder of Julius 
Ceesar. ae 
Father Mars, Marspiter, Maspiter, Mavors, or Maurs, 
was the great god of one of the races that composed the 
Roman state. He is the god of heaven, the giver of 
light, the opener of the new year; he hurls the 
thunder and sends the rain. In cases of drought the 
lapis manalis, which was kept in, his temple on the 
Appian Way, was carried through the city by the 
pontifices. The first month of the old Roman year 
was the month of Mars, still called March. On the 
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first day the god had been born; and on the same day 
various annual ceremonies both political and religious 
took place; and the holy fire was renewed in the 
temple of Vesta. When Mamurius Veturius, ze, 
Mars of the Year (vetus, Greek féroc), was beaten out 
of the city on March 14, the intention was originally 
to symbolize the driving away of the old year. ‘The 
spear sacred to Mars was in its original sense doubt- 
less the lightning, and his sacred shield was, like the 
zgis of Zeus and Athene, the storm shield, 7.e., the 
thundercloud. The Sabine words Marmar and Mamers 
(akin to papuaipw) are evidently names of the heaven- 
god. The wolf which was sacred to Mars may be 
compared with the wolves of Zeus Lycaios, and the 
horse, the sacrifice of Mars, is the horse of the sun, 
which the Greeks also sacrificed to Helios. 

As heaven-god and sender of rain, Mars is the giver 
of fertility and increase. Hence in some of the oldest 
cults he is the god of the land, of agriculture, and of 
the flocks. As he was powerful to send fertility, so he 
could cause also drought, sterility, and all evil; and 
propitiatory ceremonies, such as the Ambarvalia, were 
consecrated to him. The Arval brothers invoked 
Mars to assist them and to avert pestilence. In the 
Robigalia a sheepeand a reddish dog were sacrificed by 
the flamen of Mars to avert mildew from the crops. 
The sacrifice of the ‘‘ October horse’’ in the Campus 
Martius, whose head the people of the Subura and the 
Sacra Via struggled for in order to hang it up in their 
own precincts; had also a naturalistic and apotropaic 
character. In times of calamity there was an old 
Italian custom of dedicating to Mars a ver sacrum. 
Everything born in this spring was the property of 
the god; the animals were sacrificed, the young men 
when they grew up were sent out of the country. 
Mars seems also to have had some relation to the re- 
ligious ceremony of marriage. Along with Juno, the 

oddess of women and of childbirth, he was worshipped 
« the Roman matrons on June 1, and at the Matro- 
nalia on March 1. As god of the land and giver of 
increase, Mars was also the god of death and the dead ; 
he was one of the deities invoked by Decius when de- 
voting himself to death. He was likewise the giver 
of oracles: like Zeus he revealed his will to men by 
certain signs. His ancient oracle at Tiora Matiene near 
Ceere resembled in eharacter the oracle of Zeus at 
Dodona, in so far as revelation took place by the 
medium of sacred birds and trees. Wy ovinedkers were 
the sacred birds of Mars, and the noise which they 
made tapping on the trees was one of the simplest 
methods of revelation. Picus, the woodpecker, was a 
name or form of Mars, and was ultimately individual- 
ized as a local hero, an_early king of Latium, and son 
of the god: Faunus, the favoring deity, son of Picus, 
is pre-eminently the god of prophecy; he also is closely 
Eel to the original Italian character of Mars, which 
he retained far more truly than the great Roman god. 

Although the worship of Mars was known both in 
Latium and in Etruria, it was probably of Sabine 
origin. Quirinus, an Pedanbicde Sabine word, is 
merely a name of Mars, which never acquired com- 

lete individuality; the feeling always remained alive 
in Rome that Mars and Quirinus were one, although 
they had separate priests. It is in accordance with 
the Sabine Eaeacter that the warlike element should 
have been very strong in their conception of, deity; 
and thus the Sabine Mars became in the Roman pan- 
theon the deity of war. Besides the ceremonies round 
the altar of Mars in the Campus Martius, the oldest 
cults of the god in Rome are the Sabine worship of 
Quirinus on the Quirinal and the Latin worship of the 
holy spear of Mars in the temple of Vesta. There 
likewise grew at an early time a cultus of the god on 
the Palatine, said to have been founded by Numa, and 
twelve Salii of the Palatine existed alongside of the 
twelve Quirinal Salii. The Palatine Salii performed 
one of the most remarkable ceremonies in the Roman 
worship of Mars. For many days, beginning from 
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March 1, they danced in armor through certain parts 
of the city, clashing their lances on their shields, and 
repeated the prescribed song. The shields which they 
carried were the twelve sacred ancilia preserved on the 
Palatine. One of these, it was said, fell from heaven 
in the time of Numa, and the king, in order to pre- 
serve safely this pledge of victory for the state, had 
eleven others exactly like it made by Mamurius Vetu- 
rius. The song of the Salii, besides mentioning all 
the gods of the city, referred to Mamurius, whose name 
is only a form of Mamers. 

Next to Jupiter, Mars was the chief protecting god 
of the Roman state. Quirinus Mars was the father 
of the twin-founders of the city, and his sacred wolf 
was the emblem of the city and the foster-mother of 
the twins. The Campus Martius outside the city was 
dedicated to the god trom a very early time; there the 
young men practised their warlike exercises; there the 
horse races, equiria, in honor of Mars (February 27) 
and the sacrifice of the ‘‘ October horse ’’ took place. 
There also was held the census every fifth year, fol- 
lowed by the purificatory ceremonial for the whole 
city, which was dedicated to Mars. When war broke 
out, the Roman general clashed the shield and spear 
in the temple of Mars and invoked the god; the spoils 
of victory belonged to him after Jupiter Feretrius. 

There was an ancient temple of Mars outside the 
Porta Capena on the Appian Way; and on the ides 
of July, in commemoration of the battle of Lake Re- 
gillus, the knights had a procession 

“From Castor in the Forum, 
To Mars without the wall.” 

As the god of war, who marched with his people to 
battle, Mars was Gradivus; such at least was the later 
explanation of an old religious name. Inuus Luper- 
cus, the averter, to whom the Lupercalia was dedi- 
cated, was probably a local form of Mars; his character 
as protector of the Palatine city, and the warlike ele- 
ment in him, resemble Mars (see LUPERCALIA). — Sil- 
vanus is also closely related to the agricultural god 
Mars, who is sometimes called Mars Silvanus. A 
goddess named Nerio or Neriene is sometimes men- 
tioned as wife of Mars. ‘There was also a goddess 
Bellona, whose name marks her strictly as the goddess 
of war; she is called the sister or daughter or wife of 
Mars. Quirinus, on the Quirinal, had a festival called 
Quirinalia, on the 17th of February. 

See Preller, Rom. Mythol., and the other books on Roman 
religion; Marquardt on religious antiquities ; Unger, “ Lu- 
percalia,” Rhein. Mus., 1881; Jordan, Stadt Rom ; Roscher, 
Apollo und Mars ; and on the Etruscan Mars, Muller, Ltrus- 
ker, ed. Deecke, ii. 57 and 169. 

MARSALA, a seaport on the west coast of Sicily, 
in the province of Trapani, 20 miles south of Trapani, 
to the north of the river Marsala, with a station on 
the railway between Trapani and Palermo. A flour- - 
ishing and well-built town, with wide paved streets, it 
possesses a castle, a cathedral, a theatre, cavalry bar- 
racks (now occupied by Government offices), an acad- 
emy of science and literature, and a public library. 
The Corinthian columns of the cathedral were origi- 
nally intended for the cathedral at Canterbury, and owe 
their present destination to the wreck of the vessel which 
was conveying them to England. After the destruc- 
tion of its harbor in the latter part of the 16th 
century as a precaution against its occupation by 
the Turkish pirates, the commercial importance of 
Marsala remained in abeyance till the construction of 
the new port to the south of the town. The sea-wall 
for this was begun in 1818, but it was not till 1835-36 
that the pier was constructed. A great part of the 
surface of 44 acres constituting the port is now silted 
up; new works, however, on an extensive scale, are 
being undertaken. The wine trade, which forms the 
staple, was commenced in the end of the last century 
by Woodhouse & Co.; and the wines first got into 
favor by being supplied to the English fleet in 1802. 
They are for the most part white, and are usually 
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‘* fortified.’’ The number of seagoing vessels that en- 
tered at Marsala in 1863 was 149, with a burden of 
9791 tons; in 1880 there were 249 vessels of 16,645 
tons. From 31,350 in 1861 the population of the com- 
mune had increased by 1881 to 40,251; that of the 
town was 14,105 in 1871, or, with the suburbs of Porta 
Garibaldi, Porta Mazzara, and Porta Trapani, 17,666. 
On the small island of San Pantaleone, about 6 miles 
north of Marsala, lay the Carthaginian stronghold of Motya 
(Ital., Mozia)) After the destruction of this settlement by 
Dionysius in 397 B.c., the defeated party established a new 
colony on the neighboring promontory of Lilybeum, It 
was there that in 276 B.c. the Carthaginians held out suc- 
cessfully against Pyrrhus, who had already driven them 
from the rest of Sicily; and it was only after a siege of ten 
years that in the first Punic War they were obliged to sur- 
render the fortress to the Romans. Under its new posses- 
sors Lilybeeum continued to flourish and became the resi- 
dence of one of the two queestors of Sicily. It was still an 
important city under the later empire, and when occupied 
first by the Goths and then by the Vandals. The Arabs 
ealled it Mersé ‘Aly, “ port of ‘Aly,” and Edrisi (12th cen- 
tury) describes it as a considerable town, which, having 
been ruined, had been restored by Roger I. It was at Mar- 
sala that Garibaldi began his Sicilian campaign in 1860. 


MARSDEN, WritAm (1754-1836), an eminent 
Oriental scholar, was the son of a Dublin merchant, 
and was born in 1754. After studying at Trinity Col- 
lege, he obtained an appointment in the civil service 
of the East India Company, and set sail for Bencoolen, 
Sumatra, in 1771. There he soon rose to the office of 
principal secretary to the Government, and was at the 
same time intent on acquiring that intimacy with the 
Malay language, and that knowledge of the country, 
which were afterwards the sources of his literary repu- 
tation. Returning to England in 1779 with a pension, 
he retired into literary seclusion, and in 1782 produced 
The History of Sumatra. Marsden was appointed in 
1795 second secretary and afterwards first secretary to 
the admiralty. In 1807 he retired again into private 
life, and, devoting himself to study, published in 1812 
his Grammar and ‘Dictionary of the Malay Lan- 
guage, and in 1817 his translation of the Travels of 
Marco Polo. A pension of £1500, which he had re- 
ceived on his retirement from office, he voluntarily re- 
signed in 1831 for the behoof of the public. In 1834 
he presented his rich collection of Oriental coins to the 
British Museum, and his library of books and Oriental 
MSS. to King’s College, London. He died of apo- 
plexy in October, 1836. 

Marsden’s other works are—Nuwmismata Orientalia, Lon- 
don, 1823-25; Catalogue of Dictionaries, Vocabularies, Gram- 
mars, and Alphabets, 1796; and several papers on Eastern 
topics in the Philosophical Transactions and the Archwxologia. 
His name will also be remembered in connection with Afri- 
can philology, as he had — the first in England, and, it 
would appear, independently of Lichtenstein and Vater— 
drawn attention to the affinity of the Congo and Mozam- 
bique languages with those spoken by the Kaffre race. 
See Tuckey’s Narrative of an Expedition to explore the River 
Zaire, London, 1818, p. 386 sq. 


MARSEILLES (Fr. Marseille), the third largest 
city of France, and the chief commercial port of the 
Mediterranean, in 43° 17’ N. lat. and 5° 227 H. long., 
is the chief town of the department of Bouches du 
Rhone, headquarters of the 15th army corps, the seat 
of a bishop, and of numerous commercial and scientific 
institutions. The population (1881) is 360,099. 

The old harbor of Marseilles opens on the west to 
the Gulf of Lyons; and the famous Rue de la Canne- 
biére, leading east-northeast from the inner end of the 
harbor, and continued by the Rue de Noailles, the 
Allées de Meilhan, and the Boulevard de Longchamps, 
to the Palais des Arts, forms the first main artery of 
the town. A second great artery, at right angles to the 
first, connects the Aix gate and its triumphal arch with 
the grand Promenade du Prado, by the Cours Belsunce 
and the Rue de Rome. North of the old harbor, be- 


1The ruins of Motya were excayated by Schliemann in 1876. 
See Academy, March, 1876, p. 288. 
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tween the Aix gate and the sea, lies the old town of 
Marseilles. The finest streets, the Rue St. Ferréol, the 
Rue Paradis, and the Rue de Breteuil, are to the south 
of the Rue Cannebidre, running parallel with the Rue 
de Rome, between it and the foot of the hill upon which 
is Notre Dame dela Garde. From La Cannebidre to 
La Joliette, the centre of the new docks, runs the broad 
Rue de la République, lined with fine buildings, and 
opening a line through the oldest part of the town. 
The entrance to the old harbor is defended by Fort St. 
Jean on the north and Fort St. Nicolas on the south. 
Behind the latter is the Anse (Creek) de la Réserve. 
Beyond this again, situated in succession along the 
shore, come the old imperial palace, the Anse du 
Pharo, the military exercising ground, and the Ange 
des Catalans. The new parts of the town extend in 
this direction to the Vallon d’ KEndoume behind Fort St. 
Nicolas. To the old harbor, which covered only 70 
acres, the basin of La Joliette (55 acres) was added in 
1853. Communicating with the old harbor by a chan- 
nel which passes behind Fort St. Jean, this dock 
opens on the south into the outer harbor, opposite the 
palace and the Anse du Pharo ; it is separated from the 
roadstead on the west by a simple jetty. A series of 
similar basins have since been aidodealatee the shore to 
the north, viz., the Lazaret or ‘‘ Bassin des Docks”’ 
(37 acres), that of Arene (59 acres), the ‘Bassin Na- 
tional,’’ twice as large as the preceding, and the gra- 
ving dock of 20 acres; a fine revolving bridge, worked 
by steam, separates the graving dock from the rest. 
Farther out, the Chateau at and the islets of 
Pomégue and Ratonneau, where vessels formerly did 
quarantine, have 45 acres of harbor accommodation. 
The port of Marseilles has in all an area of 422 acres, 
but there are only 44 miles of quays, an amount of 
accommodation quite inadequate for the enormous 
traffic, now amounting to more than 3,400,000 tons. 
Protected on the east by Cape Croisette, and on the 
west by Cape Couronne, the roadstead of Marseilles 
and its approaches are lighted by six lighthouses, 
of which the most distant (180 feet high) is 8 miles 
southwest of the town, on the Planier rock. The 
docks along the Lazaret basin cover an area of 45 
acres, and the company to which they belong algo 
holds a large area of ground for their enlargement, 
and has exclusive rights over 1} to 2 miles of quays. 
The warehouses occupy 27 acres of floor space on their 
several stories, and the 200,000 tons of goods for which 
they afford storage are easily manipulated by powerful 
hydraulic machinery wrought by steam. From the 
harbor station at the docks the railway is carried up to 
the principal station, ‘‘Gare St. Charles,” which 
commands the town. The Toulon line goes round the 
zoological gardens, and the whole upper part of 
Marseilles, and sends a branch to the Prado station. 
There is a fourth station to the south of the old harbor 
near the custom-house, and at the foot of the steps of 
St. Victor; it is proposed to join it by a tunnel to the 
Marseille-Prado station. ‘The large steam vessels for 
trading with Algiers, the Levant, and the further Hast 
lie in La J oliette, but the old harbor still displays the 
ancient characteristics of Marseilles. The old-fashioned 
Mediterranean traders with their lateen sails are 
crowded together in the Rive Neuve Canal to the 
south, while the sailing vessels of heavy tonnage are 
moored to the quay by their sterns. At the end of the 
old harbor opens out La Cannebiére, so called from 
former rope-walks, of which it occupies the site; it is 
now the liveliest part of the town, where the principal 
cafés, shops, hotels, naval and commercial agencies, as 
well as the Bourse, are found. : 

Despite its antiquity, Marseilles has no ancient 
monuments. The old cathedral, which superseded a 
temple of Diana, itself preceded, it is said, by an altar 
of Baal, has given place to a modern structure, of which 
the exterior only is completely finished. It is a Byzan- 
tine basilica, in the form of a Latin cross, 460 feet long, 
built in gray Florentine stone blended with white stone 
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from the neighborhood of Arles. Near the cathedral 
stands the bishop’s palace. The cathedral is situated 
at the entrance of the harbors, but a more distant 
church has superior attractions for the sailors,—the 
celebrated Notre Dame de la Garde, the steeple of 
which, surmounted by a gilded statue of the Virgin, 30 
fect’ in height, rises 150 feet above the summit of the 
hill on which it stands, commanding a view of the 
whole port and town, as well as of the surrounding 
mountains and the neighboring sea. The present 
chapel of Notre Dame de la Garde occupies the site of 
one built in 1214. Like the new cathodwet it is in the 
Eatin style, and constructed of the richest mate- 
rials. 

Descending from Notre Dame by steps, with shops 
on both sides containing objects of devotion, such 
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Plan of Marseilles. 


as medals and chaplets, and passing the Promenade 
Pierre Puget, which affords another fine view of the 
sea, we reach the church of St. Victor, close by Fort 
St. Nicolas. Originally an abbey founded about 410 by 
St. Cassian, it was afterwards destroyed by the Sara- 
cens, but rebuilt in the 11th century; destroyed a 
second time, it was finally restored by Pope Urban 
V., a former abbot, who surrounded it in 1350 with 
high square crenellated towers. ‘T'radition relates that 
St. Lazarus inhabited the catacombs under St. Victor ; 
and the black Virgin, still preserved there, is popu- 
larly attributed to St. Luke. The spire of the ancient 
church des Accoules marks the centre of Old Marseilles. 
At its foot are a ‘‘ Calyary’’ and a curious chapel of 
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modern construction in rock work. Notre Dame du 
Mont Carmel, also in the old town, occupies the place 
of what was the citadel of the Massaliots when they. 
were besieged by Julius Czesar. The new Hotel de la 
Préfecture, at the end of the Rue St. Ferréol, the Pa- 
lais de Justice, and the Bourse, are all buildings of 
the last twenty years. ‘The first is a palatial edifice 
300 feet long and 260 wide, adorned with statues and 
bas reliefs; it has a fine’ staircase and large reception 
rooms, decorated with paintings. Before the Palais 
de Justice stands a statue of Berryer. The pediment 
and peristyle are decorated with bas reliefs by Guil- 
Jaume. The outer hall is surrounded by beautiful 
pillars of red marble. ‘lhe Bourse has in the vestibule 
a bas relief representing Marseilles receiving the pro- 
ductions of all parts of the world, and allegorical statues 
of Marseilles and France. The hall is larger than 
even that of the Bourse at Paris. The hall of the 
Chamber of Commerce, at whose cost the whole 
edifice was built, is remarkable for the magnifi- 
cence.of its mural paintings and gildings. The 
HOtel de Ville, an old and unimportant building, 
As| stands on the quay to the north of the old harbor. 
| The Palais des Arts de Longchamps, completed 
in 1870, is a work of consummate taste; it is 
built at the terminus of the Canal de Marseille, 
that great work which has metamorphosed the 
town and its surroundings by bringing into it the 
<<! waters of the Durance. This canal, which leaves 
the river opposite Pertuis, has a length of 94 
miles, of which more than fifteen are under- 
ground. It crosses the valley of the Arc, between 
Aix and Rognac, by the magnificent aqueduct of 
Roquefavour, comparable with the noblest works 
of ancient or modern times. The canal then 

urifies its waters, charged with ooze, in the 
fae of Réaltort, sets in motion seventy-two 
mills, which it supplies with upwards of 1200 
horse-power, carrying about 200 cubic feet of 
water per second to the district of Marseilles. 
Right and left of the Chateau d’Eau, which oc- 
cupies the centre of the Palais de Longchamps, 
and is 128 feet in height, are the picture gallery, 
,éj » fine collection of ancient and modern works, 

Aand the natural history museum, remarkable 
for its conchological department and the interest- 
ing collection of ammonites. Behind are exten- 
sive zoological gardens, with the astronomical 
observatory, one of the most important in France. 
The museum of antiquities is established in the 
Palais Borély, in a fine park, recently purchased 
by the town, at the “a of the Prado, and ap- 
proached by the two finest promenades of the 
city. It includes a Phoenician collection (con- 
| taining the remains that support the hypothesis 
of the Phoenician origin of Marseilles), an Heyp- 
tian collection, numerous Greek, Latin, and 
Christian inscriptions in stone, etc. A building 
within the city, recently finished, 177 feet by 64, 
with an imposing fagade, contains the school 
of art and a valuable library. The triumphal 
arch of Aix, originally dedicated to the victors 
of the Trocadero, was in 1830 appropriated to 
the conquests of the empire. 


Marseilles contains large hospitals. The Hétel Dieu in the 
old town was founded in 1188, and rebuilt in 1593; it has 450 
beds. The Hospice de la Charité, in the same neighborhood, 
accommodates 600 patients, while at the opposite extremity 
of the town, near the Prado station, are the modern Hd6pi- 
tal de la Conception (with 800 beds), the military hospital, 
and the lunatic asylum. 

The scientific institutions of the town are also numerous, 
including a faculty of science, an astronomical observatory, 
a preparatory school of medicine and pharmacy, a musical 
conservatoire, a school of art, a lyceum, and many private 
institutions. The principal learned societies are the 
academy of science, letters, and art, the medical associa- 
tion, and the geographical, statistical, agricultural, and 
horticultural societies, 
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The mean temperature of Marseilles is 58° Fahr.; frost 
is rare, and snow almost unknown. The heat of summer is 
tempered during the day by the cooling sea breeze, The 
most disagreeable wind is the mistral, a violent and cold 
northwest wind, which blows on an average one hundred 
and thirty-eight times a year, but has at.least the advantage 
of restoring salubrity to the frequently unhealthy shores 
of the Mediterranean. The sirocco, a southeast wind, blows 
some sixty times a year; though hot and parching in sum- 
mer, it softens the winter climate. The east-southeast 
wind is cold and damp, and brings rain. The Canal de la 
Durance has greatly modified the climate of Marseilles and 
its neighborhood, for by restoring vegetation it has increased 
the fogsand rains; there is now an annual rainfall of nearly 
24 inches. 

Marseilles is at once the largest commercial port of France 
and a manufacturing town, working up the raw materials 
brought in by sea from every part of the world. The lead- 
ing industry is that of soap-making, which occupies sixty 
factories with 1200 artisans, and annually produces 65,000 
tons, valued at £2,000,000 sterling. With this manufacture 
are connected oil and chemical works ; in the former, which 
employ 2000 to 2500 workmen, 55,000 tons of different oils 
are produced yearly. The chemical works comprise a dozen 
mills, manufacturing chiefly the salts of soda and concen- 
trated acids. Two thousand operatives are there employed, 
and the value of their annual production is estimated at 
£320,000. There are also three sugar-refineries, producing 
65,000 tons of loaf-sugar, of which more than half is re- 
exported. Sulphur from Sicily too is refined and converted 
into sticks or flowers of sulphur, to the value of £80,000. 
Petroleum refining occupies 100 workmen. Metallurgy is 
another great industry; a large quantity of ore, imported 
from Elba, Spain, and Algeria, is smelted in the blast fur- 
naces of St. Louis in the suburbs. The Mediterranean iron- 
works and yards, together with other private companies, 
have large workshops for the construction or repair of 
marine steam-engines and every branch of iron shipbuild- 
ing, employing several thousand workmen. Marseilles is 
a great centre for the extraction of silver from lead ore; 
16,000 tons of lead and 25 tons of fine silver are separated 
annually. There are 64 flour-mills with 300 sets of stones, 
and 100 factories prepare semolina and other cereal pastes, 
while 34 tanyards dress 500,000 sheep skins and 335,000 goat 
skins. To this list of industries must be added the manu- 
factories of matches, candles. and wax-lights, with brass 
foundries, glass-works, and manufactures of coral, dnd of 
Oriental hosiery. 

The port of Marseilles is the centre of numerous lines of 
steamers. .The French company of mail steam packets 
(Messageries Maritimes) despatch their boats regularly’ to 
Italy, Egypt, Réunion, India, China, and the far East, as 
well as to Greece, Turkey, the Black Sea, Smyrna, and 
Syria. The Transatlantic Company runs its vessels to 
Algiers, Tunis, Malta, and the coast of Italy, and has also 
a regular line between Marseilles and New York. Many 
private companies have services to Corsica, Algiers, the 
coast of Languedoc and of Spain, and the Italian Riviera. 
Other lines connect Marseilles with Brazil and La Plata, 
Havre, and London. Landward there are two lines of rail- 
way to Aix, and athird to Toulon. A navigable canal is 
greatly needed to connect the port directly with the Rhone, 
in order to avoid the difficulties of egress from the river 
and to make Marseilles the natural outlet of the rich Rhone 
basin. The countries with which the greatest traffic is 
maintained are Algeria, Spain, Italy, Turkey, and the Rus- 
sian ports on the Black Sea; next in order come England, 
Austria, the western coast of Africa, Réunion, the Cape, 
British India, Brazil, the Antilles, China, and Senegambia. 
From the Black Sea, Turkey, and Algeria come the cereals 
which form the chief imports in point of bulk ; from Italy, 
Spain, the Levant, China, and Japan the silk, which is the 
import of greatest value (£4,000,000 yearly). Then follow 
ores and metals, iron, cast iron, lead, and copper; also wood, 
raw material for oil manufacture, raw sugar, cattle, wool 
and cotton, rice, and various dry vegetable foods, petroleum, 
cocoa, gums, pepper, and other spices, wines and brandies, 
coal, skins, cod-fish, cheese, and sponges. The principal ex- 
ports in respect of value are silk, woollen, and cotton fab- 
ries, refined sugars, wines and spirits; those of greatest 
bulk are cereals in the form of grain or flour, coal, building 
materials, oil-cakes, iron and other manufactures in metal, 
wines and spirits, oils, glass and crystal, lead, and coffee. 

Of the seagoing tonnage, one-third is under the French 
flag, but the coasting trade, carried on by French sailors 
alone, is almost half as large as the ocean trade. The ship- 
owners of the port possess almost seven hundred vessels, 
without counting the hundreds of fishing boats which ply 
along the coast. 

History.—The Greek colony of Massalia (in Latin Mas- 
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silia) was founded by the enterprising mariners of Phocea 
in Asia Minor, about 600 B.c. The settlement of the Greeks 
in waters which the Carthaginians jealously reserved for 
their own commerce was not effected without a naval con- 
flict ; it is, indeed, not improbable that the Pheenicians were 
settled at Marseilles before the Greek period, and that the 


very name of the townis the Pheenician 57D, “settlement.” 


Whether the judges ( p-y5w, “suffetes’’) of the Pheenician 
sacrificial tablet of Marseilles were the rulers of a city 
older than the advent of the Phcenicians, or were a sort of 
consuls for Punic residents in the Greek period, is disputed. 
The fall of the Ionic cities before the Persians probably 
sent new settlers to the Ligurian coast and cut off the re- 
mote city of Massalia from close connection with the mother 
country. Isolated amidst alien populations, the Massaliots 
made their way by great prudence in dealing with the in- 
land tribes, by the vigilant administration of their oligar- 
chical government, and by frugality and temperance united 
to remarkable commercial and naval enterprise. Their 
colonies spread east and west along the coast from Monaco 
to Cape St. Martin in Spain, carrying with them the wor- 
ship of Artemis; the inland trade, in which wine was an 
important element, can be traced by finds of Massalian 
coins right across Gaul and through the Alps as far as 
Tyrol. The Massaliot Pytheas (330-320 B.c.) passed the 
pillars of Hercules and visited the coasts of Gaul, Britain, 
and Germany. The great rival of Massalian trade was 
Carthage, and in the Punic wars the city took the side of 
Rome, and was rewarded by Roman assistance in the subju- 
gation of the native tribes of the Ligurian mountains. In 
the war of Cesar and Pompey the aristocratic town took 
the side of the latter, and made a courageous but vain re- 
sistance to Cesar. In memory of its ancient services the 
city, “without which,” as Cicerosays, “ Rome had never 
triumphed over the Transalpine nations,” was still left as 
a civitas Libera, but her power was broken and most of her 
dependencies taken from her. From this time Massalia 
has little place in Roman history; it became for a time an 
important school of letters and medicine, but its commer- 
cial and intellectual importance gradually declined into 
insignificance. The town appears to have been Christian- 
ized before the end of the 3d century, and its reputation 
partly revived through the names of Gennadius and Cas- 
sian, which give it prominence in the history of Semi- 
Pelagianism and the foundation of Western monachism. 

After the ravages of successive streams of invaders, 
Marseilles was repeopled in the 10th century under the 
protection of its viscounts. In 1112 the town bought up- 
their rights, and was formed into a republic, governed by 
a podestat, who was appointed for life, and exercised his 
office in conjunction with 3 notables and a municipal 
council, composed of 80 citizens, 3 clerics, and 6 principal © 
tradesmen. During the rest of the Middle Ages, however, 
the higher town was governed by the bishop, and had its 
harbor at the creek of La Joliette. The southern suburb 
was governed by the abbot of St. Victor, and owned the Port 
des Catalans. Situated between the two, the lower town, the 
republic, retained the old harbor, and was the most power- 
ful of the three divisions. The period of the crusades - 
brought great prosperity to Marseilles. The activity of its 
shipbuilding, the magnitude of its fleet, the importance of 
its commerce and manufactures, all inereased at once. 
The count of Provence, Raymond Bérenger, Charles of ° 
Anjou, and afterwards Alphonso of Aragon, successively 
attempted to make themselves masters of the town; it 
suffered at different times from incendiarism, pillage, and 
massacre during the 13th and 14th centuries, and in the 
beginning of the 15th. King René, who had made it his 
winter residence, however, caused trade, arts, and manu- 
facture again to flourish. Under Francis I., the disaffected 
constable de Bourbon vainly besieged the town with the 
imperial forces in 1524. During the wars of religion, 
Marseilles took an active part against the Protestants, and 
long refused to acknowledge Henry IV. The loss of the 
ancient liberties of the town brought on new disturbances 
under the Fronde, which Louis XIV. came in person to 
suppress. He took the town by storm, and had Fort St. 
Nicolas constructed. Marseilles repeatedly suffered from 
the plague, and an epidemic raged from May, 1720, to May, 
1721, with a severity for which it is almost impossible to 
find a parallel; Bishop Belsunce, Chevalier Rose, and 
others immortalized themselves ‘by their courage and de- 
votion. 

During the Revolution the people rose against the aris- 
tocracy, who up to that time had governed the commune. 
In the Terror they rebelled against the convention, but 
were promptly subdued by General Carteaux. The wars 
of the empire, by dealing a severe blow to their maritime 
commerce, excited the hatred of the inhabitants against 
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Napoleon, who accordingly hailed with enthusiasm the 
return of the Bourbons and the defeat of Waterloo. The 
news of the latter provoked a bloody reaction in the town 
against those suspected of imperialism. Since 1815 the 
prosperity of the city has received a considerable impulse 
from the conquest of Algeria and the opening of the Suez 
Canal. The completion of the canal of the Durance has 
covered with verdure the formerly arid country surround- 
ing the town, and the openings made in the old part of 
Marseilles have improved its sanitary condition. 
(G. ME.) 

MARSH, Grorcr Perxins, LL.D. (1801-1882), 
American diplomatist and philologist, was born at 
Woodstock, Vermont, March 17, 1801, graduated at 
Dartmouth College in 1820, and practised law at Bur- 
lington, Vermont, devoting himself: also with ardor to 

hilological studies. In 1835 he was elected to the 
State Legislature, and in 1842 he became a member 
of Congress. In 1849 he was appointed United States 
minister to Turkey, and in 1852 discharged also a spe- 
cial mission to Greece, returning to Vermont in 1853. 
In 1861 he became United States minister to Italy, 
and died in that office at Vallombrosa, July 24, 1882. 


His chief published works are a Compendious Grammar of 
the Old Northern or Icelandic Language, 1838, compiled and 
translated from the grammar of Rask; The Camel, his Organi- 
zation, Habits, and Uses, 1856; Lectures on the English Lan- 
guage, 1861; The Origin and History of the English Language, 
1862; Man and Nature, 1864. The last-named work, largely 
rewritten, was issued under the title The Earth as Modified 
by Human Action, in 1874. 


MARSHAL (from Old High German marah, horse, 
and scale, care-taker), in its original signification a ser- 
vant of the royal manége, was afterwards a title given 
in different countries to the holders of various high 
offices, military and civil. In the time of Philip Au- 
gustus the commander of the French forces was called 
the marshal of France. Under Francis I. the marshals 
of France became two in number, under Henry III. 
four, and in the time of Louis XIV. their number 
was raised to twenty. In England the marshal was a 
high officer of state as far back as the 12th century. 
In the end of the 12th and first half of the 13th cen- 
tury the office was conferred on the earls of Pembroke, 
from whom it passed by female descent to the family 

_of Bigod, earl of Norfolk. The dignity of earl-mar- 
shal was afterwards held successively by the Mowbrays, 
dukes of Norfolk, the Howards, dukes of Norfolk, and 
the earls of Arundel and Norwich. Under a grant by 
Charles IL. to Henry Howard, earl of Norwich, it 
has descended to and continues in the line of the 
existing dukes of Norfolk. The marshal was 
in feudal times (in conjunction with the con- 
stable, a still higher officer) the judge in the court of 
chivalry, which had cognizance of questions of honor 
and dignity; and, when the king headed his army in 
person, it was the marshal who selected the proper spot 
for the encampment of each noble. The constable’s 

owers and duties were superseded in the reign of 
Fenty VIIL. ; but earl-marshal is still the head of the 
Herald’s College, and appoints the officers of arms. In 
Scotland (an orthography resembling the French maré- 
chal being adopted) the office of marischal, probably 
introduced under David I., became from the 14th cen- 
tury hereditary in the family of Keith. The Scottish 
marischal became an earl under the designation of 
_ “earl-marischal’’ in 1458. Marischal College in 

Aberdeen was founded and endowed by the munifi- 
cence of George, 5th earl-marischal. The dignity 
came to an end by the attainder of George, 10th earl- 
marischal, in 1716.’ The military title of field-mar- 
shal was at first borrowed by the Germans from the 
French mavréchal de champs; and in the Thirty 
Years’ War it meant much what quartermaster-gen- 
eral does now. It was not till last century that the 
word rose in dignity so as to signify the highest mili- 
tary dignity except that of commander-in-chief. It 
was adopted into the British military system from 
Germany,—the first field-marshals being John, duke 
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of Argyll, and George, earl of Orkney, made so by 
George II. in 1736. 

MARSHALL, Joun (1755-1835), chief justice of 
the United States, was born in Fauquier county, Vir- 
ginia, on September 24,1755. As lieutenant and cap- 
tain he served in the revolutionary army from 1775 to 
1780. In 1781 he began the practice of the law, and 
two years later removed to Richmond, At various 
times from 1782 to 1798 he was elected a member of 
the Virginia legislature, in 1788 a member of the Vir- 
ginia convention for the ratification of the constitu- 
tion; in 1797 he was envoy-extraordinary to France, 
and in 1799 a member of Congress ; in 1800 he became 
secretary of state ; and on January 31, 1801, he wasap- 
pointed to the chief justiceship, which position he held 
until his death on the 6th day of July 1835. Mar- 
shall as a lawyer soon rose to the first rank at the Vir- 
ginia bar, and acquired also a national reputation. In 
the Virginia convention of 1788 his influence was sec- 
ond only to that of Madison in securing the adoption 
of the constitution. But, unlike Madison, he con- 
tinued, under the constitution, to support the adminis- 
tration of Washington and Federalist measures in gen- 
eral. It was as chief justice of the supreme court of the 
United States, however, that Marshall won lasting 
fame. His reports, filling about thirty volumes, form 
a work which time will only render more valued. In 
the expounding of public law, whether international 
or State law, his talents found their freest scope. In 
these departments of jurisprudence general principles 
rather than authority must be sought by the judge, 
and in their application Marshall has had no equal 
upon the American bench. It is the peculiar function 
of the supreme court of the United States to interpret 
the constitution and to guard it from the encroachments 
of both national and State legislation. To this duty 
Marshall brought his great and just powers of reason- 
ing, as well as those broad views of government which, 
during the thirty-four years of his judicial career, gave 
to the constitution the liberal powers which were 
necessary to its durability. ‘‘ The constitution,’’ says 
Judge Story, ‘‘ since its adoption, owes more to him 
than to any other single mind for its true interpretation 
and vindieation.’’ See biography by Henry Flanders 
in his Lives of the Chief Justices, vol. il. 

MARSHALL ISLANDS. See Micronesta. 

MARSHALLTOWN, the county seat of Marshall 
County, Iowa, United States, is situated on the Iowa 
river at the junction of several railways, and in the 
midst of a grain and stock producing region. Among 
its numerous industries are sugar-refining, wagon- 
making, and the manufacture of barbed steel wire for 
fencing purposes. The population was 3218 in 1870 
and 6240 in 1880, and has since increased rapidly. 

MARSHMAN, Josuva (1768-1837), a Baptist mis- 
sionary and Oriental scholar, was born on April 20, 
1768, at Westbury Leigh, in Wiltshire, where he 
received a somewhat defective school education, and 
afterwards followed the occupation of a weaver until 
1794, when he removed to Bristol to take charge of a 
small school there. Meanwhile he had been diligent 
in the cultivation of his talents, which were naturally 
good; and he was already a man of considerable 
acquirements when in 1799 he was sent by the Baptist 
Missionary Society to join their establishment at 
Serampore. Here, in addition to the discharge of his 
more special duties, he engaged with success in the 
study of Bengali and Sanskrit, and afterwards of Chi- 
nese, and accomplished numerous literary tasks, the 
more important of which are mentioned below. He 
received the degree of D.D. from Brown University, 
U.S. A., in 1811. His death took place at Seram- 
pore on December 5, 1837. 


Dr. Marshman translated into Chinese the book of Gen- 
esis, the Gospels, and the Epistles of Paul to the Romans 
and the Corinthians; in 1811 he published The Works of 
Confucius, containing the Original Text with a Translation, and 
in 1814 his Clavis Sinica. He was also the author of Ele- 
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ments of Chinese Grammar with Preliminary Dissertation on the 
Characters and Colloquial Mediums of the Chinese, and was 
associated with Carey in the preparation of a Sanskrit 
grammar and of a Bengali-English dictionary. See J. C. 
Marshman’s Life and Times of Carey, Marshman, and Ward 
(2 vgls., 1859), 

MARSIGLLI (Latinized Marsiiius), Luter Frerpt- 
NAND, soldier and savant, was born at Bologna, July 
10, 1658, and died in the same city, November 1, 1730. 
After a considerable course of study in mathematics, 
natural history, and anatomy, he visited Constantinople, 
and on his return to Christendom offered his services 
to the emperor Leopold, then at war with the Turks 
(1682). Wounded and captured in an action on the 
river Raab, he was sold to a pasha and accompanied 
him to the siege of Vienna; but in 1684 his friends pur- 
chased his release, and at the close of the war he was 
appointed commissioner for fixing the new Dalmatian 
boundary. In.1703 he was second in command to the 
count of Arco when Alt-Breisach was surrendered to 
the duke of Burgundy; and, though popular opinion 
acquitted him of blame, Marsigli was cashiered when 
Arco was condemned to death. Devoting himself to 
scientific pursuits, he visited Switzerland, and spent a 
considerable time at Paris and Marseilles. He went to 
Rome in 1709 at the request of Clement XI., but soon 
returned to Marseilles to prosecute his investigations 
into the physical nature of the sea. In 1712 he pre- 
sented his scientific collections to his native city, and 
thus gave rise to the Bologna Institute of Science and 
Art; and about the same time he established a press, 
including founts of Oriental characters, for printing 
the publications of the society. 

Marsigli’s own works were yaluable contributions to 
knowledge, brought out in very handsame style. Best 
known are his curious physical history of the sea (Italian, 
Venice, 1711; French, Amsterdam, 1725), with a very lauda- 
tory preface by Boerhaave ; L état militaire dev Empire Ottoman 
(Amsterdam, 1732); and Dunubius Punnonico-Mysicus (Hague, 
1726). This last, of which only three hundred and seventy- 
five copies were printed, consists of six huge folio volumes 
illustrated by nearly three hundred maps and engravings, 
and furnishes an exceedingly elaborate account of the course 
of the Danube, of the towns and antiquities along its banks, 
of its birds, beasts, fishes, etc. See Fontenelle’s éloge in Mém. 
de l’ Acad, des Sciences, Paris, 1730; Quiney, Vie de Mons. le 
Comte de Marsiglt, Zurich, 1741. ; 

MARSTON, Joun, was one of the most vigorous 
satirists and dramatists of the Shakespearean age. He 
was probably some ten years younger than Shakespeare. 
He has been identified with a gentleman commoner of 
Brasenose College, Oxford, who entered in 1591, and 
was admitted B.A. in 1593 as the eldest son of an 
esquire. If this is the same John Marston that was 
buried in the Temple Church in 1634, under a tomb- 
stone Obliviont sacrum, the identification of him with 
the poet is most probably right, for one of Marston’s 
most singular poems is a prayer to Oblivion— 

“Let others pray 
For ever their fair poems flourish may ; 
But as for me, hungry Oblivion, 
Devour me quick.” 


In the superfluity of learned allusions and Latin 
quotations in his plays Marston proclaims the fact that 
he was a university man. He entered the field of let- 
ters in 1598, as a satirist, with a Scourge of Villany. 
He was professedly an imitator of Juvenal, but he 
wrote rather in the spirit of Skelton, and speedily 
earned something like Skelton’s reputation as a coarse 
ribald buffoon of astonishing energy, girding at the 
ce vices of the time in “plain naked words stript 

rom their shirts.”’ ‘There was more of the good-natured 
chuckling buffoon than of the cynic in Marston's satire, 
though he did profess unmeasured scorn for the vices 
and fopperies of his age. The coarse energy of his in- 
vective pours out as if he loved strong language more 
than he hated the subjects of his ridicule. Shake- 
speare’s Venus and Adonis was one of Marston’s first 
butts; in his Pygmalion’s Image (1598) the wooing of 
Adonis by the queen of love is very roughly but very 
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cleverly parodied. The freshness and vigor of Mars- 
ton’s vein brought him at once into notice, He is men- 
tioned (misspelt as Maxton or Mastone) in Henslowe’s 
Diary, in 1599, as ‘‘the new poet”’ receiving payment 
as part author of a play; and in the same year he was 
probably ridiculed by Ben Jonson as ‘‘ Carlo Buffone”’ 
in very Man out of his Humor. He and Dekker had 
a famous quarrel with Jonson arising out of the latter's 
attack upon them in.the Poetaster (see DEKKER). The 


literary enemies were reconciled; Marston forswore lit- — 


erary quarrels, dedicated a play to Jonson in terms of 
high eulogy, and was conjoined with Jonson and Chap- 
man in the play of Hastward Ho! some political allu- 
sions in which nearly cost the authors their ears. 
Marston wrote comparatively few plays, published in 
quick succession at the following dates: Antonio and 
Mellida (1602); Antonio’s Revenge: (1602); The Mal- 
content (1604, his first and most powerful play); Zhe 
Dutch Courtesan (1605); Parasitaster (1606); Sopho- 
nisba (1606); What You Will(1607). Marston then ap- 


parently left off play writing; if he lived till 1634, there , 


is no explanation of his sudden stoppage. There is very 
little constructive skill in his plays; the plots are unin- 
teresting. He does little more than send a procession of 
puppets across the stage, one or more of which ‘‘ gird 
at’”’ the others—very ‘‘ loose libertines ’’ and very con- 
temptible some of them—in the author’s own rough 
vein of satire. One scene in Antonio and Mellida was 
much admired by Charles Lamb, and either suggested or 
was suggested by one of the most powerful situations 
in King Lear. But the passage taken out of the body 
of the play gives a very misleading idea of its general 
tenor, or of the general cast of Marston’s dramatic work. 

MARSYAS was a Phrygian god, whose name has 
passed into Greek mythology. It is hardly possible to 
discover the real basis of the legends, as their original 
form has been so much altered. Marsyas was the god 
of a small river which rose in a cave in the agora of 
Celzenz, and flows into the Mzeander. In this cave 
was hung a hide, which according to the story was the 
skin of Marsyas suspended there by Apollo. When 
Athene threw away her flute, Marsyas found it, a sub- 
ject represented by the sculptor Myron. Proud of his 
skill, Marsyas challenged Apollo with his lyre. Midas 


the Phrygian king, appointed judge in the contest, pre-. 


ferred the flute-player, and got his ass’s ears in reward 
for his stupidity. The contest and the punishment of 
Marsyas, who was flayed alive by Apollo, were frequent 
subjects for Greek art, both vase-painting and seulp- 
ture. There can be little doubt that this account has 


been very much altered from its native Phrygian form 


by the Attic comic poets, with whom Marsyas was a 
favorite character. With regard to the Phrygian god 
it is difficult to say more than that he and Silenus and 
Midas are associated in legend with Dionysus, and that 
he must.therefore belong to the cycle of legends of 
Cybele (see Preller, Gr. Mythol., i. 508). The flute 
was the favorite instrument in the worship of the god- 
dess. Sacrifices were offered by the people of Celaenze 
to Marsyas, and he helped them against the Galatians 
(Paus., x. 30). A statue of Marsyas was erected in the 
Roman Forum and in other towns, and is said to have 
been a symbol of liberty. 

MARTEN,: the name of a group of animals consti- 


1 By all old authors of authority, as Ray, Pennant, Shaw, and 
Fleming, the word is written “ Martin,” but this form of spelling 
is now generally reserved by way of distinction-for the bird (see 
Martin). The word, as applied to the animai here described, 
occurs in most Germanic and Romanic languages:—German, 
marder ; Dutch, marter ; Swedish, mard; Danish, maar; English, 
marteron, martern, marten, martin, and martlett; French, marte and 
martre; Italian, martora and martorelia ; Spanish and Portuguese, 
marta, Its earliest known use is in the form martes (Martial, 2p. 
x. 37), but it can searcely be an old Latin word, as it is not found 
in Pliny or other classical writers, and Martial often introduced 
foreign words into his Latin. Its etymology has been connected 
with the German “martern,’ to torment. A second Romanic 
name for the same animal is fuina, in Freneh fowine (see BE. Von 
Marten’s ‘‘ Ueber Thiernamen,” in Der Zoologische Garten, vol. xi., 
1870). The term ‘‘ Marten Cat,” often used, is a misnomer, for 
though somewhat Cat-like in size, general appearance, and hab- 
its, its true affinities are not with the I’elidx, but, as stated above, 
with the Bears. 
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tuting a small but well-defined section of the family 
Mustelidce, belonging to the Arctoid or Bear-like divi- 
sion of the order Carnivora (see MAMMALIA, pp. 446, 
447 of the present volume). 

The genus Mustela, as restricted by Cuvier (Regne 
Animal, 1817), contains a very natural assemblage of 
animals commonly called Martens, Sables. Polecats, 
Stoats, Ermines, and Weasels, all closely allied in 
structure and habits. A structural division, however, 
occurs between the two first-named and all the 
others, especially shown in the presence of an addi- 
tional small premolar tooth on each side of each jaw; 
and, availing himself of this and some other minor 
characters, Diavvise divided the genus into two sub- 
genera, for the first of which he retained the name of 
Mustela, and to the second assigned that of .Putordus. 
Three years later Nilsson (Skund. Fauna, 1820) defi- 
nitely constituted the two groups into genera, apply- 
ing to the first the name of Martes, by which the 
animals composing it had been generally designated by 
the Latin-writing zoologists of the preceding century, 
and keeping Mustela for the more typical Weasels and 
their immediate allies. Later zoologists have been 
divided between the nomenclature of Cuvier, which 
has the priority, and that of Nilsson, which on other 
grounds is preferable. ‘Those who adopt the latter 
affirm that Cuvier’s names, being only used by him in 
a subgeneric sense, and not binomially, need not be 
applied generically ; but this is contrary to the practice 
usually followed in such cases. Others avoid the diffi- 
culty by not breaking up the genus at all, and so ap- 
ply the term Mustela to all the species. The result is 
that the generic name of the Martens in modern zo0o- 
logical works oscillates between Martes and Mustela, 
according to the views uf the writer. 

The following characters apply to the restricted 
group of Martens proper, by be nf name they are 
called. Body long, slender, and very flexible, though 
less so than in the true Weasels. Head somewhat tri- 
angular; muzzle pointed, the nose extending a little 
beyond the lips; eyes large and prominent; ears con- 
spicuous, broad, somewhat triangular, rounded at the 
ends, furred outside and in; limbs short; feet 
rounded; toes short, five on each foot, all with short, 
compressed, curved, sharp-pointed claws. Soles 
densely furred between the naked pads.  ‘T'ail moder- 
ately long, more or less bushy. Outer fur long, strong, 
and glossy ; a very abundant soft under fur. 

Vertebres: C7, D 14, L 6,8 3, C 18-23. Skull 
elongated and depressed. Facial portion moderate 
and rather compressed. Zygomata arched and wide 
but slender. Postorbital processes small. Auditory 
bullee large but not very globose. Mandible with a 
strong triangular vertical coronoid process and a well- 
developed angular process. 

Dentition: 7$,c¢+, p4, m4; total 38. Upper incisors 
in astraight transverse line, rather long and com- 

ressed ; first and second subequal, third considerably 
arger. Lower incisors very small, especially the first, 
and crowded together, the second placed rather behind 
the others. Canines long and sharp-pointed. Upper 
premolars: first very small, with simple crown and 
one root; second and third nearly equal in size and 
two-rooted, with simple compressed sharp-pointed 
crowns, with very slightly developed accessory cusps ; 
fourth (the sectorial) with blade consisting chiefly of 
the central and posterior cusps, the anterior being 
rudimentary, inner tubercle small and confined to the 
anterior part of the tooth. True molar tubercular, 
about twice as wide transversely as in the antero- 
osterior direction, having an outer, more elevated, 
Pit smaller portion, bearing three blunt tubercles ; to 
the inner side of this the crown is contracted, and its 
surface deeply hollowed; it then expands again into a 
broad low lobe, with the central part elevated, and a 
raised, even, semicircular, slightly crenated internal 
border. Lower premolars: first very small, simple, 
and one-rooted; second, third, and fourth increasing 
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slightly in size, with high compressed pointed crowns 

and posterior accessory cusps, best marked in the 

third. First molar (sectorial) with well-marked bilobed ‘ 
blade,—heel scarcely more than one-third of the 

length of the tooth, and a very small inner tubercle. 

Second molar small, single-rooted, with a low, flattened, 

subcireular or oval tubercular crown. 

In geographical distribution the Martens are limited 
to the northern hemisphere, ranging throughout the 
greater part of the northern temperate regions of both 
Old and New Worlds, as far north as conditions of ex- 
istence suited to their habits are met with, and south- 
wards in America to 35° N. lat., while in Asia one 
species is met with as far as the island of Java. 

The various species appear to be very similar in 
their habits. They live in woods and rocky places, 
and are thoroughly arboreal, spending most of their 
time in trees, although descending to the ground in 
quest of prey. They climb with great facility, and are 
agile and graceful in their movements. Some species 
are said occasionally to resort to berries and other fruit 
for food, but as arule they are strictly carnivorous, 
feeding chiefly on birds and their eggs, small mam- 
mals, as squirrels, hares, rabbits, and moles, but chiefly 
mice of various kinds, of which they destroy great 
numbers, and occasionally snakes, lizards and frogs. 
In proportion to their size they are among the most 
bloodthiraty of animals, though less so than the true 
Weasels. ‘The female usually makes her nest of moss, 
dried leaves, and grass in the hollow of a tree, but 
sometimes in a hole among rocks or ruined buildings, 
and produces several young ata birth, usually from 
four to six. Though wild and untameable to a great 
degree if captured when fully grown, when taken 
young they are very docile, and haye frequently been 
made pets of, not having the strong dniplensant odor 
of the smaller Mustelide. The common European 
Marten appears to have been partially domesticated by 
the Greeks and Romans, and to have been used to 
keep houses clear from rats and mice before cats were 
introduced.! In the same way, according to Hodgson, 
an allied species, the Yellow-bellied Weasel (Mustela 
kathiah), *‘is exceedingly prized by the Nepalese for 
its service in ridding houses of rats. It is easily tamed ; 
and such is the dread of it common to all murine ani- 
mals that not one will approach a house where it is 
domiciled.’’ It is, however, to the great value attached 
to the pelts of these animals that their importance to 
man is chiefly due. Though all yield fur of service- 
able quality, the commercial value varies immensely, 
not only according to the particular species from which 
it is obtained, but according to individual variation, 
depending upon age, sex, season, and other trifling 
circumstances. The skins from northern regions are 
more full and of a finer color and gloss than those from 
more temperate climates, as are those of animals killed 
in winter compared to the same individuals in the 
summer season. The caprices of fashion have, more- 
over, set wholly factitious values upon slight shades 
of color, recognized and named by experienced furriers, 
but not indicating any specific or other distinctions of 
which zoologists have any cognizance. Knormous 
numbers of animals are annually caught, chiefly in 
traps, to supply the demand of the fur trade, Siberia 
and North America being the principal localities from 
which they are obtained. 


With the exception of the Pekan (M. pennanti) all the 
Martens are so much alike in size, general coloring, and 
cranial and dental characters that the discrimination of the 
species, and assignment of the proper geographical distri- 
bution to each, has been a subject which has sorely per- 
plexed the ingenuity and patience of zoologists. The: 
following description by Dr. Elliott Coues of the external 
characters of the American Pine Marten (M. americana) will 
apply almost equally well to most of the others. ‘It is 
almost impossible to describe the color of the Pine Marten, 


1 See Rolleston, “On the Domestic Cats, Felis domesticus and 
Mustela foina, of Ancient and Modern Times,” Journal of Anatomy 
and Physiology, vol. ii. p. 47, 1868. a 
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except in general terms, without going into the details of - 


the endless diversities occasioned by age, sex, season, or 
. other incidents. The animal is ‘brown,’ of a shade from 
orange or tawny to quite blackish; the tail and feet are 
ordinarily the darkest, the head lightest, often quite 
whitish ; the ears are usually rimmed with whitish ; on the 
throat there is usually a large tawny-yellowish or orange- 
brown patch, from the chin to the fore legs, sometimes 
entire, sometimes broken into a number of smaller, irregu- 
‘lar blotches, sometimes wanting, sometimes prolonged on 
the whole under surface, when the animal is bicolor like a 
Stoat in summer. The general ‘brown’ has a grayish cast, 
as far as the under fur is concerned, and is overlaid with 
rich lustrous blackish-brown in places where the long 
bristly hairs prevail. The claws are whitish; the naked 
nose pad and whiskers are black. The tail occasionally 
shows interspersed white hairs, or a white tip.” 

The species generally recognized as distinct are the fol- 
lowing, the first five belonging to the Old and the last two 
to the New World. 

1. Mustela foina, Erxleben; the Beech Marten, Stone 
Marten, or White-breasted Marten.—Distinguished from 
the following by the greater breadth of the skull, and some 
minute but constant dental characters, by the dull grayish- 
brown color of the fur of the upper parts, and the pure 
white of the throat and breast. It inhabits the greater 
part of the Continent of Europe, but is more southern than 
the next in its distribution, not being found in Sweden or 
Norway, nor, according to the recent investigations of Mr. 
Alston, in the British Isles, although included in their 
fauna by all earlier writers. 

2. M. martes, Linn.; Martes sylvatica, Nilsson; M. abietwm, 
Fleming ; the Pine Marten (see figure).—Outer fur rich dark 
brown; under fur reddish-gray, with clear yellow tips; 
breast spot usually yellow, varying from bright orange to 
pale cream-color or yellowish-white. Length of head and 
body 16 to 18 inches; of tail (including the hair) 9 to 12 
inches. This species is extensively distributed throughout 


European Pine Marten (Mustela martes). 


From life. 


northern Europe and Asia, and was formerly common in 
most parts of Great Britain and Ireland. Though com- 
monly called “Pine Marten,” it does not appear to have any 
special preference for coniferous trees, except that, inas- 
much as they constitute the greater portion of the forests 
of the countries which it inhabits. it is more often met with 
in them than in any other. With regard to its recent 
occurrence in the British Isles, Mr, Alston writes in Proce. 
of Zool. Society of London, 1879 :— 


“ Although greatly reduced in numbers by ersecution, it still 
maintains its ground in the wilder districts of Scotland, the north 
of England, Wales and Ireland; and occasionally specimens are 
killed in counties where the species was thought to have been long 
extinct. In Scotland itis still found, though comparatively rarely, 
in the Lewis and in most of the Highland mainland counties, being 

rhaps most abundant in Sutherland and Ross-shire, especially 
i the deer forests. In the Lowlands a Marten is now a very great 
rarity ; but a fine example was killed in Ayrshire in the winter 
of 1875-76. In the north of England Mr. W. A. Durnford says the 
species is ‘still plentiful’ in the wilder parts of Cumberland, 

estmoreland, and Lancashire, and in Lincolnshire several have 
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been recorded, the latest killed in 1865, by Mr. Cordeaux.! In 
Norfolk one was shot last year ; and I haye myselfexamined a fine 
example which was shot in Hertfordshire, within 20 miles of 
London, in December, 1872. In Dorsetshire the last is said to 
have been killed in 1804; but a specimen occurred in Hampshire 
about forty years ago, and another in Surrey in 1847, In Ireland 
the following counties were enumerated by Thompson as habitats 
of this species: Donegal, Londonderry, Antrim, Down, Armagh, 
Fermanagh, Longford. Galway, Tipperary, Cork, and Kerry. The 
Cat-crann is probably now a rarer anima! in Ireland than it was 
when Thompson wrote; but it still exists in various districts, es- 
pecially in County Kerry, whence the society has received 
seyceral living examples; and Professor A. Leith Adams states that 
it has been seen of late years even in County Dublin.” 


3. M. zibellina, Linneus; the Sable (German Zobel and 
Zebel ; Swedish, sabel; Russian, sobel, a word probably of 
Turanian origin).—Closely resembling the last, if indeed 
differing from it except in the quality of the fur, which is 
the most highly valued of that of all the group. Found 
chiefly in eastern Siberia. 

4, M. flavigula, Boddaert; the Indian Marten.—Inhabits 
the southern slopes of the Himalayas, the Nilgiri Hills, the 
interior of Ceylon, the Malay Peninsula, and Java. 

5. M. melampus, Wagner.—Japan. 

6. M. americana, Turton; the North-Ameriean Sable or 
Marten.—A species so closely allied to the European Pine 
Marten and Asiatic Sable that it is very difficult to assign 
constant distinguishing characters between them, The im- 
portance of the fur of this animal as an article of commerce 
may be judged of from the fact, that 15,000 skins were sold 
in one year by the Hudson’s Bay Company as long ago as 
1743, and more recent annual imports into Great Britain 
have exceeded 100,000. It is ordinarily caught in wooden 
traps of very simple construction, being little inclosures of 
stakes or brush in which the bait is placed upon a trigger, 
with a short upright stick supporting a log of wood, which 
falls upon its victim on the slightest disturbance. A line 
of such traps, several to a mile, often extends many miles. 
The bait is any kind of meat, a mouse, squirrel, piece of 
fish, or bird’s head. It is principally trapped during the 
colder months, from October to April, when the fur is in 
good condition, as it is nearly valueless during the shed- 
ding in summer. Dr. Coues tells us that, notwithstanding 
the persistent and uninterrupted destruction to which the 
American Sable is subjected, it does not appear to diminish 
materially in numbers in unsettled parts of the country. 
lt holds its own partly in consequence of its shyness,which 
keeps it away from the abodes of men, and partly because 
it is so prolific, bringing forth six to eight young at a litter. 
Its home is sometimes a den under ground or beneath 
rocks, but oftener the hollow of a tree, and it is said fre- 
quently to take forcible possession of a squirrel’s nest, 
driving off or devouring the rightful proprietor. 

7. M. pennanti, Erxleben; the Pekan or Pennant’s Mar- 
ten, also called Fisher Marten, though there appears to be 
nothing in its habits to justify the appellation. This is the 
largest species of the group, the head and body measuring 
from 24 to 30 inches, and the tail 14 to 18 inches. It is also 
more robust in form than the others, its general aspect 
being more that of a Fox thane Weasel; in fact its usual 
name among the American hunters is ‘ Black Fox.” Its 


‘| general color is blackish, lighter by mixture of brown or gray 


on the head and upper fore part of the body, with no light 
patch on the throat, and unlike the other Martens gener- 
ally darker below than above. It was generally distributed 
in wooded districts throughout the greater part of North 
America, as far north as Great Slave Lake, lat. 63° N., and 
Alaska, and extending south to the parallel of 35°; but at 
the present time it is almost exterminated in the settled 
parts of the United States east of the Mississippi. 

See Elliott Coues, Fur-bearing Animals, a Monograph of North 
American Mustelidx, 1877; E. R, Alston, “ On the British Martens,” 
Proceedings of the Zoological Society of London, 1879, p. 468. 

(W. H. F.) 

MARTIAL (M. Vatertus MartTIALis) is a writer 
to whose merits it is difficult to do justice in the pres- 
ent day. His faults are of the most glaring kind; 
they are exhibited without the least concealment ; and 
they are of the sort of which modern feeling is most 
intolerant. Living as he did under perhaps the worst 
of the many bad emperors who es | the world in the 
Ist century, he addresses him and his favorites with 
the most servile flattery in his lifetime, reviles him 
immediately after his death (xii. 6), and offers equally 
fulsome incense at the shrine of his successor. No 
writer of equal genius has ever shown such an absence 
of dignity and independence of character in his rela- 


1 The Zoologist for June, 1882, records the recent capture of a 
Marten in a trap near Bardney in Lincolnshire. 
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tion to his richer friends and patrons. He is not 
ashamed to be dependent on them for gifts of money, 
for his dinner, and even for his dress. We cannot feel 
sure that even what seem his sincerest tributes of re- 
a may not be prompted by the hope of payment. 
urther, there is no book in any literature which, both 
in en and in the things treated of, sins so fla- 
grantly against all instincts of propriety. A certain 
proportion of the epigrams in every book—perhaps 
one-fifth or one-sixth (in some books the proportion is 
much larger)—can be read by no class of readers with 
any other feelings than those of extreme distaste. 
he faults are so unmistakable and undeniable that 
many readers of ancient literature have formed their 
whole estimate of Martial from them, and have de- 
clined to make any further acquaintance with him. 
Even those who greatly admire his genius, who find 
the freshest interest in his representation of Roman 
life and his sketches of manners and character, and 
who, after admitting the unfavorable first impression 
which he is bound to make, believe that they still can 
discern sufficient indications of the better nature which 
made him a popular and likeable man in his day, 
do not attempt to palliate his faults, though they 
may partially account for them by reference to the 
morals of his age and the circumstances of his life. 
The time when ‘‘the last of the Flavian line was tear- 
ing in pieces the half-lifeless world, and Rome was a 
bondslave to a bald Nero,’’! was one when literature 
had either to be silent or to be servile. Martial was 
essentially a man of letters ; there was no other métier 
for which he was fitted; he was bound either to gain 
favor by his writings or to starve. ‘T'acitus and Juve- 
nal might have chosen the latter alternative, but they 
were fortunately spared the necessity of making 
the choice by the possession of independent means. 
Eyen Statius, the contemporary of Martial, whose 
writings are in other respects irreproachable, is 
nearly as fulsome in his adulation as Martial. The 
relation of client to patron .had been recognized 


as an honorable one by the best Roman_ tradi- 
tions. No blame had attached to Virgil or Horace 


on account of the favors which they received from 
Augustus and Mecenas, or of the return which they 
made for these favors in their verse. That old honor- 
able relationship had, however, greatly changed its 
character between the era of Augustus and that of 
Domitian. Men of good birth and education, and 
sometimes even of high official position (Juv., 117), 
were not ashamed to gain or increase their living by 
the acceptance of money doles to provide their daily 
meal. ‘‘ Atria magna colam’”’ is the resource of aman 
who was too lazy or too incompetent to become an ad- 
vocate, and who thought himself too much of a gentle- 
man to adopt any mechanical trade. Martial was 
merely following a general fashion in paying his court 
to ‘‘alord.’”’ ‘‘Rex’’ is the common term used for a 
patron. He made the best of the custom. In his 
earlier career he used to accompany his patrons to 
their villas at Baize or Tibur, and to attend their 
morning levées. Later on he went to his own small 
country house, near Nomentum, and sent a poem, 
or a small volume of his poems, as his representa- 
tive at the early visit. f his patron was cour- 
teous and liberal, he became his friend and enter- 
tained him with his wit and social vivacity. If 
he was mean and exacting, he found in him a 
subject for his epigrams. The fault of groseness 
Martial shares with nearly all ancient and many 
modern writers who treat of life from the baser 
or more ridiculous side. That he offends worse 
than perhaps any of them is to be explained, not, 
apparently, on the ground that he was more of a 
Tihentine in his life, but on the ground that he had to 
amuse a public which had become more corrupt than 
in any other civilized era. Although there is the most 


1 Cum iam semianimum laceraret Flavius orbem 
Ultimus, et calyo serviret Roma Neroni.—Juv., iy. 37, 
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cynical effrontery and want of self-respect in Martial’s 
use of language, there is not much trace of the satyr 
in him,—much less, many readers will think, than in 
Juvenal. Neither is it at all true, as is said by histo- 
rians of Roman literature (W. 8. Teuffel, vol. ii. 317, 
5), that his epigrams mostly deal with this side of life. 
At least four-fifths of them are unexceptionable in 
subject and treatment. 

Our knowledge of Martial’s life is derived almost 
entirely from himself. His writings do not, like those 
of Horace, supply materials for a continuous biography, 
nor do they lay bare every secret of his heart with the 
self-absorption of Catullus. But, as he writes frankly 
about everything that interested him, he has not only 
painted a very life-like picture, or rather drawn a 
multitude of very life-like sketches of Roman society 
in his time, but he has clearly marked his own position 
in and his own relation to that society. His criticism 
of men and manners enables us to judge of the standard 
which he applied to life, of the things which he liked 
and disliked, and of his own temper and disposition. 
Reference to public events enables us approximately 
to fix the date of the publication of the different books 
of epigrams, and from these dates to determine those 
of various important events in his life. Thus, as in 
book x., which was published in 97 or perhaps 98 A.D., 
he is found celebrating his fifty-seventh birthday 
(x. 24), the date of his birth may be assigned to the 
year 40 or 41. The place of his birth was Bilbilis, or 
Augusta Bilbilis, in Spain, in a ‘‘ barren and rugged 
country ’’ near the sources of the Tagus. His name 
seems to imply that he was born with the rights of 
Roman citizenship, but he speaks of himself as 
“sprung from the Celts and Iberians, and a country- 
man of the Tagus;’’ and in contrasting his own 
masculine appearance with that of an effeminate Greek, 
we draws especial attention to “‘his stiff Spanish 

air 


“ Hispanis ego contumax capillis”’(x. 65). 


Tn an epigram written nearly thirty years after his re- 
moval to Rome he piously commends the soul of a little 
child, Erotion, to whom he was much attached, to his 
parents Fronto and Flaccilla, who had gone before to 
the world of shades (v. 34). Their position in life 
seems to.be indicated by such references to his former 
home as the phrase ‘‘saturee sordida rura casee’”’ (x. 
96). His home was evidently one of rude comfort and 
plenty, sufficiently in the country to afford him the 
amusement of hunting and fishing, which he often re- 
calls with a keen sense of pleasure, and sufficiently 
near the town to afford him the companionship of 
many comrades, the few survivors of whom he looks 
forward to meet again after his five-and-thirty years 
absence (x. 104). The memories of this old home, of 
Bilbilis on its mountain site, of the shallow, rapid Salo 
flowing round the base of the hill (‘‘fluctu tenui sed 
inquieto’’), of ‘‘Gaius hoary with snow and sacred 
Vadavero with its broken cliffs,’ of the ilex-grove of 
Burado (iv. 55) ‘‘which even the laziest traveller 
walks through,’’ and of other spots the rough names 
and local associations of which he delights to introduce 
into his verse, attest the enjoyment which he had in 
his early life, and were among the influences which 
kept his spirit thoroughly alive in the midst of the 
deadening routine of social life in Rome. But his 
Spanish home could impart, not only the vigorous 


vitality which was one condition of his success as a wit 


and poet, but the education which made him so accom- 
plished a writer. The literary distinction obtained by 
the Senecas, by Lucan, by Quintilian, who belonged 
to a somewhat older generation, and by his friends and 
contemporaries Licinianus of Bilbilis, Decianus of 
Emerita, and Canius of Gades, proves how eagerly the 
novel impulse of letters was received in Spain in the 
first century of the empire, just as a similar impulse 
had been received in Cisalpine Gaul in the first half 
of the first century before our era. The success of his 
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countrymen may have been the motive which induced 
Martial’s parents to prepare him for a literary career,— 


“ At me litterulas stulti docuere parentes” (ix. 73, 7), 


and which induced Martial himself to remove to Rome 
when he had completed his education. This he must 
have done some time before the fall, in 65 A.D., of 
Seneca and Lucan, who were probably his earliest 
patrons. He speaks of the halls of the Pisos and of 
Seneca as having been opened to him when he first 
went to Rome (iv. 40); and in epigrams, addressed to 
his widow nearly thirty years after the death of Lucan, 
he speaks of him with grateful admiration, and applies 
to her the word ‘‘ Regina,” *‘his lady patroness.”’ 

Of the details of his life for the first twenty years or 
so after he came to Rome we do not know much. He 
published some juvenile poems of which he thought 
very little in his maturer years, and he laughs at a 
foolish bookseller who would not allow them to die a 
natural death (i. 113). Martial had neither youthful 
passion nor youthful enthusiasm to make him preco- 
ciously a poet. His faculty ripened with experience 
and with the knowledge of that social life which was 
both his theme and his inspiration; and many of his 
best epigrams are among those written in his last years. 
From many answers which he makes to the remon- 
strances of friends,—among others to those of Quin- 
tilian,—it may be inferred that he was urged to practise 
at the bar, but that he preferred his own lazy Bohemian 
kind of life to more settled and remunerative modes 
of industry. He made many influential friends and 
patrons, and secured the favor both of Titus and Do- 
mitian. From them he obtained various privileges, 
among others the ‘‘semestris tribunatus,’’ which con- 
ferred on him equestrian rank. He failed, however, 
in his application to the latter for more substantial 
advantages, although he commemorates the glory of 
having been invited to dinner by him, and also the 
fact that he procured the privilege of citizenship for 
many persons in whose behalf he appealed to him. 
The earliest of his extant works, that known by the 
name of Liber Spectaculorum, was first published at 
the opening of the Colosseum in the reign of Titus; 
but the book asit now stands was given to the world 
in or about the first year of Domitian, 7.e., about 81 
A.D. The favor of the emperor procured him the 
countenance of some of the worst creatures at the im- 
perial court,—among them of the notorious Crispinus, 
of Parthenius, Harinus, Regulus, and probably of Paris, 
the supposed author of Juvenal’s exile, on whose 
death Martial afterwards wrote a eulogistic epitaph. 
The two books numbered xiii. and xiy., and known by 
the name of Xenia and Apophoreta,—inscriptions of 
two lines for presents,—were published between 81 and 
86 A.D. In that last year he gave to the world the 
first two of the twelve books on which his reputation 
rests. Fyrom that time till his return to Spain in 98 
A.D. he published a volume almost every year. The 
first nine books and the first edition of book x. appeared 
in the reign of Domitian; and book xi. at the end of 
96 A.D., shortly after the accession of Nerva. <A re- 
vised edition of book x., that which we now possess, 
appeared in 98 A.D., about the time of the entrance 
of Trajan into Rome. The last book was written after 
three years’ absence in Spain, shortly before his death, 
which happened about the year 102 or 103 A.D. 

These twelve books bring Martial’s ordinary mode of 
life between the age of five-and-forty and sixty very 
fully before us. His regular home for five-and-thirty 
years was Rome. He lived at first up three pair of 
stairs (‘‘et scalis habito tribus sed altis,”’ i. 117), and 
his rooms overlooked the laurels in front of the portico 
of Agrippa. He had a small and not very valuable 
Saige house near Nomentum, in the Sabine territory, 
to which he occasionally retired as a refuge from the 
bores and noises of the city (ii. 38, xii. 57). In his 
later years he had a small house on the Quirinal, near 
the temple of Quirinus. At the time when his third 
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book was brought out he had retired for a short time 
to Cisalpine Gaul, in weariness, as he tells us, of his 
unremunerative attendance on the leyées of the great— 


“Non poterat vane tedia ferre toge” (iii. 4). 


For a time he seems to have felt the charm of the new 
scenes which he visited, and in a later book (iv. 25) he 
contemplates, probably with a reminiscence of Horace 
( Od. ii. 6), the prospect of retiring to the neighborhood 
of Aquileia pear ett Timavus in his old age. But the 
spell exercised over him by Rome and Roman society 
was too great to permit of a prolonged absence; and 
even the epigrams sent from Forum Corneli and the 
AMmilian Way ring much more of the Roman Forum, 
and of the streets, baths, porticos, and clubs of Rome, 
than of the places from which they are dated. So too 
his motive for his final departure from Rome in 98 A.D. 
was a weariness of the burdens imposed on him by his 
social position, and, apparently, the difficulties of meet- 
ing the ordinary expenses of living in the metropolis 
(x. 96); and he looks forward, with a kind of ‘‘nos- 
talgia,’’ to a return to the scenes familiar to his youth. 
The well-known epigram addressed to Juvenal (xii. 18) 
shows that for a time his ideal was realized; but the 
more trustworthy evidence of the prose epistle prefixed 
to book xii. proves that his contentment was of very 
short duration, and that he could not live happily away 
from the literary and social pleasures of Rome (‘‘ biblio- 
thecas, theatra, convictus’’), which supplied both the 
impulse to his genius and the material on which it 
could exercise itself. The one consolation of his exile 
was the society of a lady, Marcella, of whom he writes 
rather as if she were his patroness,—and it seems to 
have been a necessity of his being to have always a 
patron or patroness,—than his wife or mistress. His 
delight in her society arose from his finding in her one 
who, though born and bred in this remote province, 
yet by her natural grace and accomplishment reyived 
for him the charm of Rome. 

During his life there, although he never rose to a 
position of real independence, and had always a hard 
struggle with poverty, he seems to have known eyery- 
body, especially everyone of any eminence at the bar 
or in literature. In addition to Lucan and Quintilian, 
he numbered among his friends or more intimate ac- 
quaintances Silius Italicus, Juvenal, the younger Pliny ; 
and we find a number of other names, such as those 
of Julius Martialis, Faustinus, Bassus, Decianus, 
Melior, Stella, ete., of men holding a high social, legal, 
or literary position, whose society and patronage he 
enjoyed. The silence which he and Statius, although 
authors writing at the same time, having common 
friends, and treating sometimes of the same subjects, 
maintain in regard to one another may be explained 
by mutual dislike or want of sympathy. Martial, in 
many places, shows an undisguised contempt for the 
artificial kind of epic on which Statius’s reputation 
chiefly rests; and it seems quite natural that the re- 
spectable author of the 7hebavd and the Silve should 
feel little admiration for either the life or the works of 
the Bohemian epigrammatist. 

The personal faults of Martial, which deny to his 
writings, notwithstanding their vivacity, truth, and 
brilliancy, a place among the best poetry of antiquity, 
have been sufficiently indicated. It remams to ask, 
What were those qualities of nature and intellect 
which enable us to read his best work—even the great 
body of his work—with the freshest sense of pleasure 
in the present day ? 

He had the keenest capacity for enjoyment, the 
keenest curiosity and power of observation. The ordi- 
nary spectacle of Roman life, as it passed before his 
eyes, was thus vividly apprehended and reproduced by 
him in all its details; and the many varieties of charac- 
ter which an over-ripe and decaying civilization pro- 
duces were quickly seized and graphically sketched. 
He had also a very just discernment. It is rare to find 
any one endowed with so quick a perception of the 
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ridiculous who is so little of a caricaturist. He was 
himself singularly free from cant, pedantry, or affec- 
tion of any kind. Though tolerant of most vices, he 
has a hearty scorn of hypocrisy,—of the combination 
of outward austerity with secret profligacy,—of the man 
who, while he wears 

; “Fuscos colores, galbinos habet mores.”! 


There are few better satirists of social and literary pre- 
tenders either in ancient or modern times. Living in 
a very artificial age, he was quite natural, hating pomp 
and show, and desiring to secure in life only what 
really gave him pleasure. ‘lo live one’s own life 
heartily from day to day without looking before or 
after, and to be one’s self without trying to be that for 
which nature did not intend him, is the sum of his 
philosophy. Itis the philosophy of a man who has 
passed the middle of life, who has outlived any illu- 
sions he may ever have had, and who is quite content 
that whatever remains to him in the future should be 
like his present. Further, while tolerant of much that 
is bad and base,—the characters of Crispinus and 
Regulus, for instance—he shows himself genuinely 
rateful for kindness and appreciative of excellence. 
e has no bitterness, malice, or envy in his composi- 
tion. He professes to avoid personalities in his satire ; 
-—‘‘ Ludimus innocui’’ is the character he claims for 
it. Pliny, in the short tribute which he pays to him 
on hearing of his death, says, ‘‘ He had as much can- 
dor as wit and pungency in his writings’ (/p. iii. 21). 
Honor and sincerity (fides and simplicitas) are the 
qualities which he most admires in his friends. Though 
many of his epigrams indicate a cynical disbelief in the 
character of women, yet others prove that he could 
respect and almost reverence a refined and courteous 
lady. His own life in Rome afforded him no experi- 
ence of domestic virtue; but his epigrams show that, 
even in the age which is known to modern readers 
chiefly from the Satires of Juyenal, that virtue was 
recognized as the purest source of happiness. ‘The 
tenderest element in Martial’s nature seems, however, 
to have been his affection for children and for his de- 
pendants. The pathos with which he has recorded 
their premature death, combined with his fresh enjoy- 
ment of outward nature, give to many of his pieces a 
rank among the serious poetry of the world—‘‘ inter 
sanctiora carmina,’’—to use a phrase of his own. 
The permanent literary interest of Martial’s epi- 
rams arises not so much from their verbal point or 
rillianey, though in these respects they are unsur- 
passed, as from the amount of human life and charac- 
ter which they contain. ‘There is no truer painter of 
social manners in antiquity. He enables us better 
than any other writer to revive the outward spectacle 
of the imperial Rome which we see in its ruins, 
and to repeople its streets, shops, porticos, baths, and 
amphitheatres. If Juvenal enforces the lesson of that 
time, and has penetrated more deeply into the heart 
of society, Martial has sketched its external aspect with 
a much fairer pencil and from a much more intimate 
contact with it. It is from the immediate impressions 
and comments of the epigrammatist that the satirist 
has taken the suggestion of many of his more elabo- 
rate pictures and more stern denunciations. But it is 
not only the peculiarities of Roman customs that live 
in the writings of Martial. His page, to use his own 
phrase, ‘‘ has the true relish of human life’’ in every 
age—‘‘ hominem pagina nostra sapit.’? He was to 
Rome in the decay of its ancient virtue and patriotism 
what Menander was to Athens in its decline. They 
were both men of cosmopolitan rather than of a 
national type, and had a closer affinity to the life of 
Paris or London in the 18th century than to that of 
Rome in the days of the Scipios or of Athens in the 
age of Pericles. The form of epigram was fitted to the 
critical temper of Rome as the comedy of manners was 
fitted to the dramatic genius of Greece. Martial pro- 


1“ Whose dress is of a dull color, his morals a pale green.” 
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fesses to be of the school of Catullus, Pedo, and Marsus, 
and admits his inferiority only to the first. But, though 
he isa poet of aless pure and genuine inspiration, he isa 
greater epigrammatist even than his master. He has 
mdeed made that form of art peculiarly his own. He 
has applied it to the representation of a very much 
greater number of situations, incidents, and characters, 
and he has done this with the greatest clearness, 
terseness, and vivacity of style, and with a masterly 
command over all his metres, except the pure hexa- 
meter, in which no other writer has been able to treat 
the familiar matters of the day with the light touch of 
Horace. Martial, except where he is flattering the em- 
peror,—and then we may sometimes suspect an under- 
current of irony,—is one of the most natural and sensible 
as he is one of the wittiest and most brilliant of writers. 
He fails, perhaps, more often in his wit than in his sense. 
Heis full of the happiest phrases, which express admi- 
rably for all times, without over-subtlety and without 
triteness, the judgment and impressions of life formed 
by direct contact with it, and taken neither from books 
nor from the opinions of other men, of a thorough 
man of the world, who had yet some feelings and 


| sensibilities to which men of the world are generally 


strangers. He wrote naturally because he was com- 
pletely in harmony with the life of hisage. As this is 
the explanation of his grave offences, it should also be 
recognized as contributing to his merits as a writer. 

Owing probably to the reasons which have excluded his 
writings from school education, little has been done for the 
criticism or explanation of Martial for about two centuries. 
There is a good edition of the text by Schneidewin in the 
Teubner series of classics. For English readers the Selected 
Lpigrams of Martial, by H. H. Stephenson, and the Mar- 
tialis Epigrammata Selecta, by Messrs. Paley and Stone, may 
be recommended as a good introduction to the study of this 
poet. An edition of book i., with a Latin commentary by 
J. Flach, has lately appeared at Tubingen. Further infor- 
mation about him may be obtained in a work by A. Brandt, 
De Martialis poete vita et scriptis (Berlin, 1853), and in 
Friedlinder’s Sittengeschichte Roms; and an excellent criti- 
cism on his writings is to be found among the prose works 
of Lessing. Wena Se) 

MARTIAL LAW. See Mrinrrary Law. 

MARTIGUES, chief place of a canton in the de- 
partment of Bouches-du-Rhéne, France, stands on the 
southern shore of the lagoon of Berre, and at the 
eastern extremity of that of Caronte, by which the 
former is connected with the Mediterranean. Divided 
into three quarters by canals with numerous bridges, 
the place has sometimes been called the Venice of 
Provence. It has a harbor of 10 acres, an iron 
foundry, workshops for maritime constructions, oil 
manufactures, and chemical works; the principal in- 
dustry, however, consists in the preparation of *‘ bou- 
targue,’’ which is obtained from the roes of the gray 
mullet caught in the lagoons, and rivals Russian cayi- 
are. ‘The population in 1876 was 8053. 

Built in 1232 by Raymond Bérenger, count of Provence, 
Martigues was made a yiscountship by Joanna I., queen of 
Naples. Henry IV. made it a principality, in favor of a 
princess of the house of Luxembourg. It afterwards 
passed into the hands of the duke of Villars. 


MARTIN? (French, Martinet), the Hirundo urbica 
of Linneeus and Chelidon urbica of modern orni- 
thologists, a bird very well known throughout Hurope, 
including even Lapland, where it is abundant, re- 
tiring in winter to the south of Africa? It also 
inhabits the western part of Asia, and appears 
from time to time in large flocks in India; but the 
boundaries of its range and those of at least one of its 
astern congeners cannot as yet be laid down. The 


2 The older English form, Martlet (French, Martelet), is, except 
in herald’s language, almost obsolete, and when used is now ap- 
plied in some places to the Swirt (q. v.). ‘a 

8 Since the publication of the account of this species in Yar- 
rell’s British Birds (ed. 4, ii. p. 354), Mr. Gurney has informed the 
writer of a specimen obtained out of a migratory flock flying very 
high on the Qua’qua’ river, lat. 19° 10’ 8., by the expedition of 
Messrs. Jameson and Ayres, 23d October, 1880. 
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Martin (or House-Martin, as itis often called, to dis- 
tinguish it from the Sand-Martin presently to be men- 
tioned) commonly reaches its summer-quarters a few 
days later than the SwALLow (gq. v.), whose habits its 
own so much resemble that heedless persons often dis- 
regard the very perceptible differences between them, 
the Martin’s white rump and lower parts being con- 
spicuous as it flies or clings to its ‘‘ loved mansionry ”’ 
attached to our houses, for, as Shakespeare wrote— 
“No jutty, frieze, 
Buttress, nor coign of vantage, but this bird 
Hath made his pendent bed and procreant cradle.” 
—Macbeth, act i. se. 6. 


This nest, made of the same material as the Swal- 
low’s, is, however, afar more difficult structure to rear, 
and a week or more is often occupied in laying its 
foundations—the builders clinging to the wall while 
depositing the mud of which it iscomposed. But, the 
base once securely fixed, the superstructure is often 
quickly added till the whole takes the shape of the 
half or quarter of a hemisphere, and a lining of soft 
feathers, mixed with a few bents or straws, fits it for 
its purpose. The Martin sets about building very 
soon after its return, and a nest that has outlasted the 
winter’s storms is almost at once reoccupied; though 
if a new nest be needed its construction often involves 
great delay, for any excess of wet-or drought retards 
the operation, and the work is generally placed in such 
an exposed situation that heavy driving rains will fre- 
quently wash away the half-dried walls. However, 
the bird mostly perseveres against these and other un- 
towardnesses, contriving in the course of the summer to 
raise a second or, rarely, a third brood of offspring— 
though it is certain that the latest broods often die in the 
nest—apparently through failure of food. Yet what 
seem to be adults of this species are observed in England 
every year so late as November, and there are several 
instances of its appearance within afew days of the 
winter solstice ; but it is to be remarked that these late 
birds are almost certainly strangers, and not natives of 
the locality in which they are seen. 

The Sand-Martin, Airundo riparia of Linnzeus and 
Cotile riparia of modern writers, differs much in ap- 
pearance and habits from the former. Its smaller 
size, mouse-colored upper surface, and jerking flight 
ought to render it easily recognizable from the other 
British Hirundinide ; but through carelessness it is 
seldom discriminated, and being the first of the Family 
to return to its northern home, the ‘‘ early Swallow’’ of 
newspaper writers would seem to be nearly always of 
this species. Instead of the clay-built nest of the 
House-Martin, this bird bores with a degree of 
regularity and an amount of labor rarely excelled 
in its Class, horizontal galleries in a natural or 
artificial escarpment. When beginning its excavation, 
it clings to the face of the bank, and with its bill 
loosens the earth, working from the centre outwards, 
assuming all sorts of positions—as often as not hang- 
ing head downwards. ‘The form of the boring and its 
length depend much on the nature of the soil; but 
the tunnel may extend to 4, 6, or even 9 feet. The 
gallery seems intended to be straight, but inequalities 
of the ground, and especially the meeting with stones, 
often cause it to take a sinuous course. At the end is 
formed a convenient chamber lined with a few grass 
stalks and feathers, the latter always beautifully ar- 
ranged, and upon them the eggs are laid. The Sand- 
Martin has several broods in the year, and is much 
more regular than other Hirundiuvde in its departure 
for the south. The kind of soil needed for its nesting- 
habits makes it a somewhat local bird; but no species 
of the Order Passeres has a geographical range that 
can compare with this. In Kurope it is found nearly 
to the North Cape, and thence to the sea of Okhotsk. 
In winter it visits many parts of India, and South 
Africa to the Transvaal territory. In America its 
range is even more extraordinary, extending (due re- 
gard being of course had to the season of the year) 
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from Melville Island to Caigara in Brazil, and from 
Newfoundland to Alaska. 

The Purple Martin of America,! Airundo or Progne 
purpurea, requires some remarks as being such a 
favorite bird in Canada and in the? United States. 
Naturally breeding in hollow trees, it readily adapts 
itself to the nest-boxes which are very commonly set 
up for its accommodation; but its numbers are in 
some years and places subject to diminution in a man- 
ner which has not yet been satisfactorily explained. 
The limits of its range in winter are not determined, 
chiefly owing to the differences of opinion as to the 
validity of certain supposed kindred species found in 
South America; but according to some authorities it 
reaches the border of Patagonia, while in summer it is 
known to inhabit lands within the Arctic Circle. The 
male is almost wholly of a glossy steel-blue, while the 
female is much duller in color above, and beneath of a 
brownish-gray. 

Birds that may be called Martins? oceur almost all 
over the world except in New Zealand, which is not 
regularly inhabited by any member of the Family. 
The ordinary Martin of Australia is the Hirwndo or 
FHylochelidon nigricans of most ornithologists, and 
another and more beautiful form is the Ariel or lairy- 
Martin of the same country, Hhirundo or Lagenoplastes 
ariel. This last builds of mud a bottle-shaped nest, as 
does also the Rock-Martin of Europe, Airmdo or 
Biblis rupestris ; but space fails wherein to tell more 
of these interesting birds. (A. N.) 

MARTIN, Sr., bishop of Tours, was born of heathen 
parents at Sabaria (Stein am Anger) in Pannonia, 
about the year 316. When ten years of age he became 
a catechumen, and at fifteen, contrary to his own in- 
clination, he entered the army. It was while he was 
stationed at Amiens that he divided his cloak with the 
beggar, and on the following night had the vision of 
Christ making known to his angels this act of charity 
to Himself on the part of ‘‘ Martinus, still a eatechu- 
men.’’ Soon afterwards he received baptism, and, 
two years later, having been permitted to leave the 
army, he joined Hilary of Poitiers, who wished to make ~ 
him a deacon, but at his own request ordained him to 
the humbler office of an exorcist. In the course of the 
years that followed he undertook a journey to Pan- 
nonia for the purpose of converting his parents, and 
was successful in bringing his mother within the pale of 
the church. For some time, doubtless during the 
Arian troubles, he lived, along with a presbyter friend, 
an ascetic life on the desert island of Gallinaria near 
Genoa; in 360 he was again with Hilary at Poitiers, 
and founded in the neighborhood the monasterium 
Locociagense (Licugé). Here his miracles, which in- 
cluded more than one case of restoring the dead to 
life, were very numerous, and made him so famous 
that in 371 the people of Tours insisted on having him 
for their bishop. In this capacity he was extremely 
zealous and energetic in seeking to extirpate idolatry 
from his diocese and from France, and by example as 
well as by precept he did much for the spread of the 
monastic system. ‘T'o obtain the privacy that he re- 
quired for the maintenance of his personal religion, he 
established the monastery of Marmoutier-les-‘’ours 
(Martini monasterium) on the banks of the Loire. At 
Treves, in 385, he was importunate in his entreaties 
that the lives of the Priscillianist heretics should be 
given them, and he ever afterwards refused to hold 
ecclesiastical fellowship with those bishops who had 
sanctioned their execution. He died at Candes about 
the year 400, and is commemorated by the Roman 
Church on November 11 (duplex). He is the patron 
saint of France, and of the cities of Mainz and Wiirz- 
burg. The Life by his disciple Sulpicius Severus is 
practically the only source we have for his biography, 

1 In 1840 an example is said to have been killed at Kingstown 
mm ireland, the skin of which is in the Dublin Museum of Science 


2 The Martin.of French colonists (in the Old World) is an Acri- 
dotheres, one of the STARLINGS (q.v.). 
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but it is full of legendary matter and chronological 
inaccuracies. The feast of St. Martin (Martinmas) 
took the place of an old pagan festival, and inherited 
some of its usages (such as the Martinsminnchen, 
Martinsfeuer, Martinshorn, and the like, in various 
parts of Germany) ; by this circumstance is most prob- 
ably to be explained the fact that he is regarded asthe 
patron of drinking and jovial meetings, as well as of 
reformed drunkards. 

MARTIN L., pope, succeeded Theodore I., in June 
or July, 649. He had previously acted as papal apo- 
crisiarius at Constantinople, and was held in high re- 
pute for learning and virtue. Almost his first official 
act was to summon a synod (the first Lateran) for deal- 
ing with the Monothelite heresy. It met in the 
Lateran church, was attended by one hundred and five 
bishops (chiefly from Italy, Sicily, and Sardinia, a few 
being from Africa and other quarters), held five ses- 
sions or ‘‘secretarii’’ from the 5th to the 31st of Octo- 
ber, 649, and in twenty canons condemned the Mono- 
thelite heresy, its authors and the writings by which 
it had been promulgated. In this condemnation were 
included, not only the ‘‘ Ecthesis’’ or exposition of 


faith of the patriarch Sergius for which the emperor | 


Heraclius had stood sponsor, but also the ‘‘ Typus’’ of 
Paul, the successor of Sergius, which had the support of 
the reigning emperor (Constans II.). Martin was very 
energetic in publishing the decrees of his Lateran 
synod in an encyclical, and Constans replied by enjoin- 
ing his exarch to seize the pope, should he persist in 
this line of conduct, and send him prisoner to Constan- 
tinople. These orders were found impossible of execu- 
tion for a considerable space of time, butat last Martin 
was arrested in the Lateran (June 15, 653), hurried 
out of Rome, and conveyed first to Naxos and subse- 
quently to Constantinople (September 17, 654). After 
suffering an exhausting imprisonment and many public 
indignities, he was ultimately banished to Cherson, 
where he arrived on March 26, 655, and died on the 
16th of September following. His successor was 
Eugenius I. A full account of the events of his pon- 
tificate will be found in Hefele’s Conciliengeschichte, 
Violas, L877. * 

MARTIN II. See Marinus I. 

MARTIN III. See Martnus II. 

MARTIN IV., pope from 1281 to 1285, was the 
successor of Nicholas III. He was a native of Tou- 
raine, barn about 1210, and his proper name was Simon 
de Brion. After holding various offices at Rouen and 
Tours, he was made chancellor of France by Louis LX. 
in 1260, and cardinal by Urban IV. in 1261. He acted 
as legate for this pope and also for his successor Clement 
TV. in the negotiations for the assumption of the crown 
of Sicily by Charles of Anjou, and he is supposed also 
to have stimulated the ambition of Philip t I. for the 
imperial dignity in 1273. Afterthe death of Nicholas 
TIL (August, 1280) Charles of Anjou was able to secure 
the election of Cardinal Simon by the conclave at 
Viterbo (February 22, 1281). The Romans declined to 
receive him within their walls, and he was crowned at 
Orvieto. At the instance of Charles, whose tool he 
had become, he in November, 1281, excommunicated 
the emperor Michael Palecologus, who stood in the 
way of the French projects against Greece,—an act 
by which the union of the EKastern and Western 
churches was rendered impossible. Tor three years 
after the Sicilian Vespers in 1282 all the spiritual and 
material resources at his command were in vain em- 

loyed on behalf of his patron against Peter of Aragon. 
He died at Perugia on March 25, 1285, and was suc- 
ceeded by Honorius LY. 

MARTIN V. (Otto di Colonna), pope from 1417 to 
1431, was elected on St. Martin’s day at Constance by 
- a conclave consisting of twenty-three cardinals and 
thirty delegates of the council, which after deposing 
John XXILL had long experienced much perplexity 
from the-conflicting claims of Gregory XIT. and Bene- 
dict XIII. The son of Agapito Colonna and Catarina 
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Conti, born about 1368, he belonged to one of the oldest 
and most distinguished families of Rome, became apos- 
tolic prothonotary under Urban VI., was created car- 
dinal-deacon by Innocent VII., and in 1410 was the 
delegate of Alexander V. to hear the appeal which had 
been taken in that year to the papaisee by John Huss. 
He was justly esteemed for his moderation, learning, 
uprightness, and business capacity, but he failed to 
achieve. as he might have done, the honor of being a 
reforming pope. His first aet after his election was to 
popien a brief confirming all the regulations made by 

is predecessors with regard to the papal chancery, — 
regulations which had long been the subject of just 
complaint. When the ‘‘nations’’ of the council 
pressed their plans for reform, Martin submitted a 
counter scheme, and ultimately entered into negotia- 
tions for separate concordats, for the most part vague 
and illusory, with Germany, Kngland, and France. He 
left Constance at the close of the council (May, 1418), 
but travelled slowly through Italy, lingered at Florence, 
and did not venture to enter Rome until September, 
1420, when his first task was to seek to restore it to 
the prosperity and order to which it had become a 
stranger. In accordance with the decree of Constance, 
confirmed by himself, ordering that councils should be 
held every five years, he in 1423 summoned the coun- 
eil-which met at Pavia and afterwards at Siena; it was 
somewhat poorly attended, and this circumstance gave 
the pope a pretext for dissolving it as soon as it had 
come tothe resolution that ‘‘internal church union by 
reform ought to take precedence of external union.”’ 
It was prorogued for seven years, and then met at 
Basel ; ele after its opening Martin died of apo- 
plexy, on February 20, 1431. His successor was Hu- 
genius LV. 

MARTIN, Jown (1789-1854), a popular English 
painter, was born at Haydon Bridge, near Hexham, on 
the 19th of July, 1789. On account of his early 
interest in art he was apprenticed by his father 
to a coachbuilder to learn heraldic painting, but 
owing to a quarrel the indentures were cancelled, 
and he was lane under Bonifacio Musso, an Italian 
artist, father of the well-known enamel painter 
Charles Musso. With his master Martin removed 
to London in 1806, where he married at the age 
of nineteen, and led a struggling life, supporting him- 
self by giving drawing lessons, and by painting in 
water colors, and on china and glass. His leisure was 
occupied in the study of perspective and architecture. 
His first picture, Sadak in Search of the Waters of 
Oblivion, was executed in a month. It was exhibited 
in the Royal Academy of 1812, and sold for fifty 

uineas. It was followed by the Expulsion (1813), 

aradise (1813), Clytie (1814), and Joshua (1815). 
In 1821 appeared the famous Belshazzar’s Feast, which 
excited much favorable and hostile comment, and was 
awarded a prize of £200 at the British Institution, 
where the Joshua had previously carried off a premium 
of £100. Then came the Destruction of Herculaneum 
(1822), the Creation (1824), the Eve of the Deluge 
(1841), and a long series of other Biblical and imagi- 
native subjects, many of which are widely known 
through engravings. In 1832-33 Martin received 
£2000 for drawing and engraving a fine series of 
designs to Milton, and along with Westall he produced 
a set of Bible illustrations. He was also much occu- 
pied with schemes for the improvement of London, 
and published various pamphlets and plans dealing 
with the metropolitan water supply, sewage, dock, and 
railway systems. During the last four years of his life 
he was engaged upon his large subjects of the Judg- 
ment, the Day of Wrath, and the Plains of Heaven. 
He was attacked with paralysis while painting, and 
died in the Isle of Man on the 17th of February, 1854. 


The bold originality of Martin’s productions startled and 
attracted the public, but they are without the qualities of 
solid execution and truth to nature upon which a lasting 
| fame in the arts must be built. His figures are badly 
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drawn, his coloring is hot and unpleasant. To most of his 
professional brethren his works seemed theatrical and 
tricky; and the best lay critics of his time, like Charles 
Lamb, were disposed to deny that they evinced true imagi- 
native power. His popularity may be said to have culmi- 
nated in 1823, the year of his Fall of Nineveh; since then 
it has been gradually declining. 

MARTINA FRANCA, a city of Italy in the proy- 
ince of Lecce, 18 miles north of ‘Taranto, on a hill near 
the sources of the Tara. It was a fief of the Caraccioli 
family, and dates from a comparatively modern epoch. 
The ducal palace is one of the finest buildings of its 
kind in the south of Italy, somewhat similar in style 
of architecture to the Palazzo Pamfili in Naples. The 
population of the city was 13,088 in 1861; that of the 
commune has increased from 16,637 in that year to 
to 19,257 in 1881. 

MARTINEAU, Harrier (1802-1876), English 
woman of letters, was born at Norwich, where her 
father was a manufacturer. The family was of Hu- 
euenot extraction, but had adopted Unitarian views. 
Her education, which included Latin and French, 
as well as domestic accomplishments, was received 
partly at home, and partly under a Mr. Perry, to whose 
lessons in logical Knglish composition she ascribed 
something of her later clearness of thought and state- 
ment. ‘he atmosphere of her home was industrious, 
intellectual, and austere; she herself was clever, 
weakly, and unhappy, and was, moreover, already 
growing deaf. At the age of fifteen the state of her 


health and temper led to a prolonged visit to her) 


father’s sister, Mrs. Kentish, who kept a school 
at Bristol. 
and talented people, her life became happier. 
also, she fell under the influence of the 
ister, Dr. Carpenter, from whose instructions, she says, 
she derived ‘‘an abominable spiritual rigidity and 
a truly respectable force of conscience strangely min- 
gled together.’’ From 1819 to 1830 she again resided 
chiefly at Norwich. The first part of this period was 


Here, 


mainly spent in quiet. and almost secret study and in | 


needlework. About her twentieth year her deafness 
became confirmed, and she habitually from that time 
used an ear trumpet. In 1821 she began to write 
anonymously for the Monthly Repository, a Unitarian 
periodical, and was assured by her brother that author- 
ship was her proper career. A little later she pub- 
lished Devotional Exercises and Addresses, Prayers, 
and Hymns. 

In 1826 her father died, leaving a bare maintenance 
to his wife and daughter. His death had been 
preceded by that of his eldest son, and was shortly fol- 
lowed by that of the young man to whom Harriet was 
engaged. Mrs. Martineau and her daughters soon 
after lost all their means by the failure of the 
house where their money was placed. Harriet had to 
earn her living, and, being precluded by her deafness 
from teaching, took up authorship in earnest and 
toiled with incredible industry. She reviewed for the 
Repository at the rate of £15 a year, wrote stories 
(afterwards collected as Zraditions of Palestine), 
gained in one year (1830) three essay-prizes of the 

nitarian Association, and eked out her income by 
needlework. In 1831 she was seeking a publisher for 
a series of tales designed as Illustrations of Political 
Economy. After many failures she accepted very 
disadvantageous terms, and the first number appeared 
amidst gloomy prognostications from the publisher. 
The sale, however, was immediate and enormous, the 
demand increased with each new number, and from 
that time her literary success was secured. In 1832 she 
moved to London; she at once became the fashion, and 
her acquaintance was’ eagerly sought. ‘Till 1834 she 
continued to be occupied with her political economy 
series and with a supplemental series of Jllustrations 
of Tuxation. Four stories dealing with the poor- 
law came out about the same time. These tales, direct, 
lucid, written without any appearance of effort, and yet 
practically effective, display the characteristic qualities 


Here, in the companionship of amiable | 


nitarian min- | 
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of their author's style. In 1834, when the whole 
series was complete, Miss Martineau paid a long visit 
to America. Have her open adhesion to the Aboli- 
tionist party, then small and very unpopular, gave 
great offence, which was deepened by the publication, 
soon after her return, of Society in America and 
a Letrospect of Western Travel. An article in the 
Westminster Review, ‘‘ The Martyr Age of the United 
States,’’ introduced English readers almost for the first 
time to the struggles of the Abolitionists. In these 
American writings Miss Martineau shows less than her 
usual calmness and judicial common-sense, but it will 
scarcely be denied that there was some ground for her 
vehemence. The American books were followed by a 
novel, Deerbrook,—a story of middle-class country life, 
lacking the delicate humor of Miss Austen or the 
touch of farce that enlivens Miss Kdgeworth’s tales, 


| but delightfully clear in style, wholesome in spirit, and 


| pendence. 
/and some of her friends raised a small annuity for her 


well sustained in point of interest. lo the same 
period belong two or three little handbooks, forming 
parts of a Gade to Service. The veracity of her 
Maid of all Work \ed to a widespread belief, which she 
regarded with some complacency, that she had once 
been a maid of all work herself. 

In 1839, during a visit to the Continent, Miss Mar- 
tineau’s health, which had long been bad, broke down 
entirely. Sheretired to solitary lodgingsin Tynemouth, 
and remained a prisoner to her couch till 1844. She 
was still busy, and, besides a novel (Whe Hour and the 
Man), published some tales for children, and Life in 
the Sick-room. 'These volumes contain some of her 
best work, and possess a charm of tender feeling 
to balance the somewhat cold rationality that predomi- 
nates in most of Miss Martineau’s writing. During 
this illness she for a second time declined a pension on 
the civil list, fearing to compromise her political inde- 
Her letter on the subject was published, 


soon after. 

In 1844 Miss Martineau underwent a course of mes- 
merism, and in a few months was restored to health, 
Her recovery excited much discussion and controversy. 
She herself felt no doubt either of its‘reality or of its” 
being due to mesmerism, and not unnaturally resented 
the incredulity of others. ‘She eventually published an 
account of her case in sixteen Letters on Mesmerism, a 

roceeding which caused great offence to some mem- 

ers of her family. On finding herself set free from 
the bondage of ill-health, she removed to Ambleside, 
where she built herself the house in which the greater 
part of her after life was spent. In 1845 she published 
three volumes of Jorest and Game Law Tales, in - 
which the method of her political economy series was 
again applied. In 1846 she made an Eastern tour 
with some friends. She was abroad for eight months, 
visiting Hgypt, Palestine, and Syria, and on her return 
published Hustern Life. 'The tendency of this work is 
to display humanity passing through one after another 
of the world’s historic religions, the conception of the 
Deity and of Divine government becoming at each step 
more and more abstract and indefinite. The ultimate 
goal Miss Martineau believed to be a philosophic athe- 
ism, but this belief she did not expressly Nese in 
Hastern Life, considering it to be outside the province 
of that book. She published about this time House- 
hold Education, expounding the modern theory, in 
which freedom and rationality, rather than command 
and obedience, are regarded as the most effectual in- 
struments of education. Her practical interest in all 
schemes of instruction led her to start a series of lec- 
tures, addressed at first to the school children of Amble- 
side, but afterwards extended, at their own desire, to 
their elders. The subjects of these lectures were sani- 
tary principles and practice, the histories of England 
and North America, and the scenes of her Hastern 
travels. At the request of Mr. Charles Knight she 
wrote for him, in 1849, The History of the Thirty Years’ 
Peace,—a characteristic instance of Miss Martineau’s 
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remarkable powers of labor. ‘‘ From the first opening 

of the books to study for the history to the depositing 

of the MS. of the &rst volume at press was,”’ she says, 

‘exactly six months. ‘The second volume took six 

months to do.”’ 

In 1851 Miss Martineau edited a volume of Letters 
on the Laws of Man’s Nature and Development. Its 
form is that of a correspondence between herself and 
Mr. H. G. Atkinson (in which the latter has much the 
larger share), and it expounds that doctrine of philoso- 
phical atheism to which Miss Martineau had, in Hast- 
ern Life, depicted the course of human belief as tend- 
ing. The existence of a first cause is not denied, but 
is declared unknowable, and the authors, while re- 
garded by others as denying it, certainly considered 
themselves to be affirming the doctrine of man’s moral 
obligation. Mr. Atkinson was a zealous exponent of 
mesmerism, and the prominence given to the topics 
of mesmerism and clairvoyance no doubt tended to 
heighten the disapprobation with which the book 
was received. The reviewers were almost unanimous 
in condemnation, and the publication caused a lasting 
division between Miss Martineau and some of her 
friends. 

The new philosophical bent of her studies directed 
Miss Martineau’s attention to the works of Comte, and 
she undertook a condensed English version of the 
Philosophie Positive. It appeared in 1853, and to most 
readers is more useful and intelligible than the original. 
She had begun in the previous year to write articles, 
chiefly biographical, for the Daily News. Among 
these were the Letters from Ireland, written during a 
visit to that country in the summer of 1852. She also 
wrote a considerable number of essays upon different 
manufactures for Household Words, and another series 
for the same periodical upon the treatment of’ blind- 
ness, deafness, idiotey, etc., besides a Guide to Win- 
dermere, followed afterwards by a Complete Guide to 
the Lakes. She had been for many years a contributor 
to the Westminster Review, and was one of the little 
band of supporters whose pecuniary assistance, in 1854, 
prevented its extinction or forced sale. In the early 
part of 1855 Miss Martineau found herself suffering 
from heart disease. Having always felt it one of her 
duties to write her autobiography, and believing the 
time before her to be but brief, she now at once set 
about this task, and on its completion caused the book 
to be printed that it might be ready for speedy publi- 
cation at her death. But her life, which ae supposed 
to be so near its close, was prolonged for other twenty 
years, her death not taking place until 1876. 

These years were by no means idle. She continued to 
contribute to the Daily News, for which she wrote in all 
more than 1600 articles, and to the Westminster Review, as 
well as to other papers, and her biographical sketches were 
collected and reprinted from the Daily News in a volume 
which has justly become one of the best-known of her 
works. In point of style it is probably the most excellent 
of them all. Tbe form and method leave nothing to be 
desired, and the perception of character is shrewd, sincere, 
and, roughly speaking, reliable. But in reading the book 
we feel that the biographies, divided by the editor into 
groups of royal, political, etc., fall far more naturally into 
two larger classes,—the biographies of persons whom Miss 
Martinean liked, and the biographies of persons whom she 
disliked. All are doubtless in a sense true, as all photo- 
graphs are true, but the difference between a flattering and 

an unflattering photograph is considerable. 

- She also produced two books on the government of India, 
and was continually occupied in promoting schemes of re- 
form and benevolence. Her poorer neighbors owed much 
to her kindly and enlightened efforts, and her servants 
found in her a friend as well as a mistress. Her long and 

_ busy life bears the consistent impress of two leading charac- 
teristics,—industry and sincerity. Her work was invaria- 
bly sound, and its motive invariably respectable. The ver- 
dict which she records on herself in the autobiographical 
sketch left to be published by the Daily News is probably 

- very near to that which will be recorded by future judg- 

ment. She says,—‘ Her original power was nothing more 

than was due to earnestness and intellectual clearness with- 
in a certain range. With small imaginative and suggestiye 
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powers, and therefore nothing approaching to genius, she 
could see clearly what she did see, and give a clear expres- 
sion to what she had to say. Inshort,she could popularize 
while she could neither discover nor invent.” Her judgment 
on large questions was clear and sound, and was always the 
judgment of a mind naturally progressive and Protestant. 
Mentally she was a true daughter of her Huguenot ancestors. 
But it is impossible to read her autobiography without sus- 
pecting that she was subject to considerable prejudices, es- 
pecially in her judgment of persons, and that her temper, 
particularly in early life, was unamiable, hard, and unfor- 
giving. She seems, indeed, to have possessed the sort of 
disposition which shows to much greater advantage in its 
relation to juniors, inferiors, and dependants than in its re- 
lations to elders and superiors, and which therefore appears 
more amiable in the closing than in the opening years of 
life. Her autobiography reveals also a weakness which 
was perhaps unavoidable. The publication of her political 
economy tales brought her into great and sudden notice ; 
many persons of high position, official and otherwise, de- 
sired to enlist her advocacy on the part of their particular 
projects. She found her help much courted, and much help 
eagerly proffered to her. Her deafness, which suffered ber to 
hear only what was directly addressed to herself, assisted 
to make her a central] figure, and to induce the belief that 
hers was one of the most potent if not actually the most 
potent voice in English politics. Her deafness was in 
another direction probably advantageous. It led her to 
find solitude easier than most companionship, and sayed 
her from many distractions of attention. It may indeed 
fairly be surmised that but for her deafness she could never 
have found time to achieve the amazing quantity of work 
that she did, while the courageous, cheerful, and unobtru- 
sive spirit in which she bore her infirmity remains an 
example and an encouragement to all her fellow-sufferers, 
(C. BL.) 


MARTINI, Giovanni Bartrista (1706-1784), the 
most learned musician of the 18th century, was born at 
Bologna on April 25, 1706. His father, Antonio 
Maria Martini, a violinist, taught him very early the 
elements of music, and to play the violin; at a later 
period he learned singing and harpsichord playing 
fram Padre Pradieri, and counterpoint from Antonio 
Riccieri. Having received his education in classics 
from the fathers of the oratory of San Filippo Neri, he 
afterwards entered upon a noviciate at the Franciscan 
monastery at Lago, at the close of which he was re- 
ceived into that order on September 11, 1722. Con- 
tinuing his studies in the theory and practice of music 
with great zeal, he in 1725, though only nineteen 
years of age, received the appointment of chapel-mas- 
ter in the Franciscan church at Bologna, where his 
compositions soon attracted much attention. At the 
invitation of amateurs and professional friends he now 
opened a school of musical composition at which in 
the course of his long life several celebrated musicians 
were trained, including Paolucci, Sabbatini, Ruttini, 
Zanotti, Sarti, Ottani, and Stanislas Mattei; as a 
teacher he consistently declared his preference for the 
traditions of the old Roman school of musical compo- 
sition (see Music). Padre Martini was a zealous and 
indefatigable collector of musical literature, and is 
alleged to have been the possessor of the most exten- 
sive musical library ever formed. After a lingering 


illness he died at Bologna on August 4, 1784. His 


Elogio was published by Pietro della Valle at Bologna 
in the same year. 


The greater number of Martini’s sacred compositions re- 
main unprinted, The Liceo of Bologna possesses the MSS. 
of two oratorios; and a requiem, with some other pieces of 
church music, are now in Vienna. Litaniw atque antiphonx 
finales B. V. Marize were published at Bologna in 1734, as 
also twelve Sonate dintavolatura ; six Sonate per Vorgano ed il 
cembalo in 1747; and Duetti da Camera in 1763. Martini’s 
most important works are his Storia della Musica (Bologna, 
1757-81) and his Saggio di Contrapunto (Bologna, 1774-75). 
The former, of which the three published volumes relate 
wholly to ancient music, and thus represent a mere frag- 
ment of the author’s vast plan, exhibits immense reading 
and industry, but it is written in a dry and unattractive 
style, and is overloaded with matter which cannot be re- 
garded as historical. At the beginning and end of each 
chapter occur puzzle-canons, some of which are exceedingly 
difficult; Cherubini solved the whole of them. The Saggio 


592 


is 4 very learned and valuable work, containing an impor- | 
taut collection of examples from the best masters of the old | 
Stalian and Spanish schools, with excellent explanatory | 
notes, It treats chiefly of the tonalities of the plain chant, | 
and of counterpoints constructed upon them, Besides be- | 
ag the author of several controversial) works, Martini 
drew up a Dictionary of Ancient Musical Terms, which ap- 
peared in the second yolume of G, B. Doni’s Works; he 
also published # treatise on The Theory of Numbers as ap- | 
plied to Music, 


MARTINI, Sraone (1283-1344), called also Simone | 
di Martino, and more commonly, but not correctly, | 
Simon Memmi,' was born in 1283. He followed the 
manner of painting proper to his native Siena, as im- | 
proved by Dance. which is essentially different from | 
the style of Giotto and his school, and the idea that | 
Simone was himself a pupil of Giotto is therefore wide | 
of the mark. The Sienese style is less natural, digni- 
fied, and reserved than the Florentine; it has less 
unity of impression, has more tendency to pietism, and 
is marked by exaggerations which are ion related to 
the obsolescent Byzantine manner, and partly seem to | 
forbode certain peculiarities of the fully developed art | 
which we find prevalent in Wididenese, Simone, in| 
especial, tended to an excessive and rather affected | 
tenderness in his female figures; he was more success- | 
ful in single figures and in portraits than in large com-| 
positions of incident. He finished with serapulous | 
minuteness, and was elaborate in decorations of pat- 
terning, gilding, ete. 

The first known fresco of Simone is the vast one 
which he executed in the hall of the Palazzo Pubblico | 
in Siena,—the Madonna Enthroned, with the Infant, | 
and a number of angels and saints; its date is 1315, | 
at which early period of his life he was already an | 
artist of repute throughout Italy, In 8. Lorenzo | 
Maggiore of Naples he painted a life-sized picture of | 
King Robert crowned by his brother, Lewis, bishop of 
Voulouse; this also is extant, but much damaged. In | 

320 he painted for the high altar of the church of St. | 
Catharine in Pisa the Virgin and Child between six | 
saints; above are archangels, apostles, and other fig- | 
ures. The compartmented portions of this work are 
now dispersed, some of them being in the academy of 
Siena. 'owards 1321 he executed for the nner 4 of | 
St. Dominic in Orvieto a picture of the bishop of Sa- | 
vona kneeling before the Madonna attended by saints, | 
now in the Fabricceria of the cathedral. Certain fres- | 
cos in Assisi in the chapel of St. Martin, representing 
the life of that saint, ascribed by Vasari to Puccio | 
Capanna, are now, upon strong internal evidence, | 
assigned to Simone. He painted also, in the south | 
transept of the lower church of the same edifice, figures | 
of the Virgin and eight saints. In 132% he produced | 
for the Sala del Consilio in Siena a work of a very | 
different character—a striking equestrian portrait of | 
the victorious general Guidoriecio Fogliani de’ Ricci. | 

Simone had married in 1324 Giovanna, the daughter | 
of Memmo (Guglielmo) di Filippuccio. ) 


Her brother, | 
named Lippo Memmi, was also a painter, and was | 
frequently associated with Simone in his work; and | 
this is the only reason why Simone has come down to 
us with the family name Memmi. They painted to- 
gether in 1333 the Annunciation which is now in the 
Uffizi gallery. Simone kept a bottega (or shop), un- | 
dertaking any ornamental work commissioned of him, | 
and his gains were large. In 1329 he settled at the | 
papal court in Avignon, where he made the aequaint- 
ance of Petrarch and Laura; and he painted bor the | 
poet a portrait of his lady, which has not come down | 
to us; It gave occasion for two of Petrarch’s sonnets, | 
in which Simone is highly eulogized. He also illumi- | 
nated for the poet a copy of the Comment of Servius | 
upon Virgil, now preserved in the Ambrosian library 

’ The ordinary account of this celebrated early Sienese painter 
ig that given by Vasari, and since repeated in a variety of forme, 
Modern research shows that it {¢ far from correct, the incidents | 
being erroneous, and the paintings attributed to Simone in vart- } 


ous principal instances not his. We follow the authority of | 
Mewers, Crowe and Cavalcacelle, 


; 


MARTINI—MARTINIQUE. 


of Milan. He was largely employed in the decorations 
of the papal buildings in Avignon, and several of his 
works still remain—in the cathedral, in the hall of the 


consistory, aud, in the two chapels of the palace, the 


stories of the Baptist, and of Stephen and other 


saints. One of his latest productions (1342) is the 
picture of Christ found by his Parents in the Temple, 
now in the Liverpool Gallery. Simone died in 
Avignon in July, 1344. 


From this account of Simone’s principal works it 


will be perceived that those with which his name and 
fame are most generally identified are no longer re- 
garded as his. ‘hese are the compositions, in the 
Jampo Santo of Pisa, from the legend of 8. Ranieri, 
and the Assumption of the Virgin; and the great 
frescos in the Cappellone degli Spagnuoli, in S. i 


| Novella, Florence, representing the Triumph of Reli- 


gion through the work of the Dominican order, ete. 
Some of the works in question can be proved to have 
been done many years after Simone’s death, and the 
others belong to a different school and style of art. 
MARTINIQUE, one of the West India islands 
belonging to the chain of the Lesser Antilles, an 
constituting a French colony, lies 33 miles south of 
Dominica and 22 north of Saint Lucia, between 14° 237 
and 14° 52/ N. lat. and 63° 6° and 63° 31’ W. long. 
The greatest length is 43 miles, the mean width 19; 
and the surface comprises 244,090 acres, or 380 square 
miles. A cluster of voleanic mountains in the north, a 
similar group in the south, and a line of lower heights 
between them, form the backbone of the island, which 
culminates in the northwest in Mont Pelée (4430 ae 
and has altogether a much more irregular and strongly 
marked relief than it presents to the eye,—the dee 
ravines and precipitous escarpments with which it 


abounds being reduced in appearance to gentle undu- 
lations by the drapery of the forests. Of the numerous 


streams which traverse the few miles of country be- 
tween the watershed and the sea, about seventy or eighty 
are of considerable size, and in the rainy season 

come deep and too often destructive torrents. The 
east coast of the island, exposed to the full sweep of 
the Atlantic, is a succession of inlets, headlands, islands, 
and rocks; the south coast is much more regular, but 
bold and steep; and the west alone presents, in the 
bay of Fort de France, a stretch of mangrove swamp. 
Of the total area, about 83,990 acres are under eulti- 
vation, 83,843 occupied by forest and savanna, and 
68,837 by fallow. On an average, according to the 
returns for 1874-78 inclusive, 47,440 acres are devoted 
to the sugar crop, 1290 to coffee, 640 to cotton, and 
1660 to cocoa. 
in the coast region,—the monthly mean for June bei 
83°, and that of January 77°. Of the annual rainfall 
of 87 inches, August has the heaviest share (11.3 
inches), though the rainy season extends from June to 
October; March, the lowesk, has 3.7. Martinique 
enjoys a remarkable immunity from hurricanes; half 
a century may tage without serious disaster from such 
a visitation. In 1878 there were 162,861 inhabitants 


(77,782 males, $5,079 females) in the i which is 
thus nearly as densely peopled as Belgium. Since 1848 


the increase amounts to about 42,800. Of the twenty- 
five communes, fourteen have more than 5000 inhabi- 
tants; the largest are Saint Pierre are i Fort de 
France (15,414), Lamentin (13,409), and Frangois 
(10,297). The great mass of the population consists 
of Creole negroes and half-castes of various grades 
ranging from the ‘ Saccatra,”’ who has hardly retained 
any trace of Caucasian blood, to the so-called “*Sang- 
mélé,”’ with his mere suspicion of negro commi ¥ 
Marriage is frequently ignored, and of the births no 
less than 66 ae cent. are illegitimate. 

Fort de France, the chief town, a place of about 
11,000 inhabitants, stands on a bay on the west coast. 
Since the earthquake of 1839 nearly all the houses are 
of wood, and have only one story ; the streets are laid 
out with great regularity. An abundant supply of 


~ 


The mean annual temperature is 81°. 
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water was introduced in 1856. St. Pierre, the com- 
mercial centre of the island, with about 20,000 inhabi- 
tants, lies farther north on the same coast. It consists 

a lower and an upper town,—the one close and 
unhealthy, and the other for the most part well- 
ventilated and pleasant. 

Martinique, also called Madiana or Mantinino, was dis- 
covered by Columbus 15th June, 1502. It was at that time 
inhabited by Caribs (Galibis) who had expelled or incorpo- 
rated an older stock, In 1635 a Norman captain, D’Enam- 
bue, from St. Christopher's, took possession of the island, 
and in 1637 his nephew Duparquet became captain-general 
of the colony, now numbering seven hundred men. In 
1654 welcome was given to three hundred Jews expelled 
from Brazil, and by 1658 there were at least five thousand 


people exclusive of the Cazibs, who were soon after extermi- | 


nated. Purchased by the French Government from Du- 
parquet’s children for 120,000 livres, Martinique was 
assigned to the West India Company, but in 1674 it became 

rt of the royal domain. The habitants (French land- 

Iders) at first devoted themselves to the cultivation of 
cotton and tobacco; but in 1650 sugar plantations were 
commenced, and in 1726 the coffee plant was introduced by 

esclieux, who, when water ran short during his voyage 

the island, shared his scanty allowance with his seed- 
lings. Slave labor having been introduced, there were 
72,000 blacks in the island by 1736. Martinique has 
several times been occupied by the English. Captured by 
Rodney in 1762, it was next year restored to the French; 
buta er the conquest by Sir John Jervis and Sir Charles 
Grey in 1794 it was retained for eight years; and, seized 
again in 1809, if was not surrendered till 1814. 

See Renouard, Stat. de la petetoce 1822: Sidney Daney, Hist. 
de la Martinique, 1346; E, Rutz, kludes hist. et stat. sur la population 
dela Martinique; Pardon, La Martinique, 1377; H. Rey, Etude sur la 
col, de la Martinique, 1451. 

MARTINSBURG, a town of the United States, 
the capital of Berkeley county, West Virginia, lies on 
a plateau above the Tuscarora Creek, in the Shenan- 
doah valley, 80 miles west of Washington. A station 
on the Baltimore and Ohio Railroad, and a terminus 


of the Cumberland Valley Railway, Martinsburg is the | 


seat of extensive machine-shops belonging to the for- 
mer company, which were sacked by the Confederates 
in 1861. The population, 4863 in 1870, was 6335 in 


1880. 

MARTIUS, Caru Frrepricn Purrpp von (1794- | 
Ea a well-known German botanist and traveller in | 
She 


He studied in the university of Erlangen, and 
uating M.D. in 1814 published as his thesis a 
critical catalogue of plants in the botanic garden of the 
university. He afterwards devoted himself to botani- 
cal study, and in 1817 he and Spix were sent to Brazil 
by the king of Bavaria. They travelled from Rio Ja- 
neiro through several of the southern and eastern pro- 
vinees of Brazil, and ascended the riyer Amazon to 
Tabatinga, as well as some of its larger affuents. In 
1820 they returned to Europe with rich collections of 
plants and animals, as also with stores of information 
on the geography, ethnology, and products of Brazil. 

1820 he was appointed conservator of the botanic 

arden at Munich, and in 1826 professor of botany in 

€ university there, and held both offices till 1854, 
when he resigned them. 

While a student Martius had published papers in various 
scien periodicals, and he continued to do so during his 
whole life. After his return from Brazil he devoted his 
chief attention to the flora of that country, and in addition 
to numerous short papers he published the Nova Genera et 


Species Plantarum Brasiliensivm (1823-32, 3 vols.) and Icones 


Plantarum Cryptogamicarum Brasiliensivm (1827), both 
s being finely illustrated. An account of his travels 
azil : red in 3 vols. 4to, 1823-31, with an atlas of 
and is regarded as one of the most valuable worksof 


he is best known is his Historia Palmarwm (1823-50) in 3 
large folio volumes, of which one describes the palms dis- 
covered by himself in Brazil. 
Bri sis with the assistance of the most distinguished 
n botanists, who undertook monographs of the va- 
ers. Latterly Dr. Eichler was associated with him 
editorship of this work, which is still going on, 
over panes parts have appeared. He also edited 
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‘several works on the zoological collections wade in Brazil 
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rel of the present century. Probably the work by which | 


In 1840 he began the Flora 
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| by Spix, after the death of the latter in 1926. On the ont- 
break of the potato disease in Europe, he investigated the 
state of the diseased plants, and in 1#42 published lis obser- 
vations. He also published independent works and short 
papers on the aborigines of Brazil, on their civil and social 
condition, on their past and probable future, on their dis- 
eases and medicines, and on the languages of the various 
tribes, especially the Tupi. 


MARTOS, a town of Spain, in the province of Jaen, 
is situated on the slope of a steep hill, which is sur- 
mounted by a ruined castle, 16 miles west-southwest of 
| Jaen. The streets are steep, narrow, crooked, and ill- 
| paved; the public buildings are of the usual order, and 
| present no feature calling for special remark. The 
| surrounding district is specially productive of oil, and 
in the neighborhood of the town are two sulphnurous 
springs much resorted to in cases of cutaneous disease. 
) opulation in 1877, 14,654. 
| Martos perhaps stands on or near the site of the Tucci of 
Ptolemy. By Ferdinand III. it was taken from the Moors 
in 1225, and given to the knights of Calatrava; it was there 
that the brothers Carvajal, commanders of the order, were 
in 1410 executed by command of Ferdinand JY. after he 
had been “summoned” by them to ameeting at the Divine 
judgment seat. O'Donnell here gained a victory over the 
royalist troops in 1554, 


MARTYN, Henry (1781-1812), a celebrated mis- 
sionary, was born on February 1%, 1781, at ‘Truro, 
| Cornwall. He came of a mining family, and his father 
John Martyn was a “captain” or mine-agent at 
|Gwennap. He received his education at the grammar 
| school of his native town under the famons Dr. Car- 
dew, entered St. John’s College, Cambridge, in the 
autumn of 1797, and in 1401, a month before he was 
twenty years old, was declared senior wrangler, ob- 
taining soon after the first Smith’s prize. In the fol- 
lowing year he was chosen a fellow of his college. In 
lthe autumn of 1801 he was introduced to Charles 
Simeon, whose ardent disciple he soon became. It 
| was his intention to devote himself to the bar. but in 
the October term of 1802 he chanced to hear Simeon 
|speaking of the vast amount of good done in India 
| by a single missionary, William Carey; some time 
afterwards he read the life of the devoted David 
Brainerd; the enthusiastic apostle of the Indians of 
| North America, and, ‘‘filled with a holy emulation,” 

resolved to devote his energies to the work of a Chris- 

tian missionary. On October 22, 1303, he was ordained 
deacon at Ely, and afterwards priest, and served as 
| Simeon’s curate at the church of Holy Trinity, taking 
charge of the neighboring parish of Lolworth. Still 
full of the thought of working in heathen lands, he 
designed to volunteer for the Church Missionary So- 
ciety, but a sudden disaster in Cornwall deprived him 
and his unmarried sister of all the provision. their 
father had made for them, and rendered it necessary 
that he should obtain a salary that would support her 
as well as himself. He accordingly applied for, and 
obtained, achaplaincy under the Kast lade Company. 
He left for India on July 5, 1805. 

For some months he was chiefly located at Aldeen, 
near Serampore; in October, 1406, he proceeded to 
Dinapore, where he labored for a time amongst the 
Europeans, and soon found himself able to conduct 
divine worship among the natives in their own ver- 
nacular language, and to establish schools for their 
instruction. At the end of April, 1809, he was ordered 
| up to Cawnpore, where he made his first attempt to 
preach to the heathen in his own compound, and had 
to endure frequent interruptions “amidst groans, his- 
sings, curses, blasphemies, and threatenings’’; never- 
theless he pursued his work among the hundreds who 
crowded round him, consoling himself that, if he should 
never see a native convert, God ‘ might design by his 
patience and continuance in the work to encourage 
| other missionaries.’ Meanwhile the great business of 
| his life was being diligently carried on. Day after day 
‘he occupied himself with learning new Jangnages, and 
had already, during his residence at Dinapore, been 
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engaged in revising the sheets of his Hindustani version 
of the New Testament. He now translated the whole 
of the New Testament into Hindi also, and into Persian 
twice over. He translated the Psalms into Persian, 
the Gospels into Judzeo-Persic, and the prayer book 
into Hindustani, in spite of the constant imterruptions 
caused by excessive weakness of body, and *‘the pride, 
pedantry, and fury of his chief moonshee Sabat.”’ 
Ordered by the doctors to take a sea voyage for his 
health, he got leave to go to Persia and correct his 
Persian New Testament, whence he made up his miml 
to go on to Arabia, and there compose an Arabic version. 
Accordingly, on October 1, 1810, having seen his work 
at Cawnpore crowned, on the previous day, by the 
opening of a church, he left for Calcutta, whence he 
departed on January 7, 1811, for Bombay, which he 
reached on his thirtieth birthday. From Bombay he 
set out for Bushire, bearing letters from Malcolm to 
men of position there, as also at Shiraz and Ispahan. 
After a killing journey from the coast he reached Shi- 
raz, and was soon plunged into discussion with the 
disputants of all classes, ‘Sufi, Mohammedan, Jew, 
and Jewish-Mohammedan, even Armenian, all anxious 
to test their powers of argument with the first English 
priest who had visited them.’’? Having made an un- 
successful journey to Tebriz to present the shah with 
his translation of the New Testament, he was seized 
with a fever, which so thoroughly prostrated his ener- 
gies that, after a temporary recovery, he found it neces- 
sary to seek a change of climate. On September 12, 
1812, he started with two Armenian servants, crossed 
the Araxes, rode from T'ebriz to Erivan, from Hrivan 
to Kars, from Kars to Erzeroum, from Erzeroum to 
Chiflik, urged on from place to place by his cruel Tartar 
guide, and, though the plague was raging at Tokat, he 
was compelled to stop there from utter prostration 
caused by fever. On the 6th of October he died, either 
from the plague or from the weakness of the disorders 
which harassed him from day to day. 

By his valuable labors as a translator Martyn had placed 
portions of the Scriptures within the reach of all who could 
read over one-fourth of the habitable globe, and during his 
brief life he earned for himself a foremost place among 
modern missionaries. Macaulay’s lines, written in 1818, 
testify to the impression made by his enthusiastic career 
of self-devotion. 

See Sargent, Memoir of the Rev. Henry Martyn, B.D., 1819; 
Wilberforce, Journals and Letters of the Rev. Henry Martyn, 
1837; Kaye, Christianity in India, 1859; Yonge, Pioneers and 
Founders, 1874; and The Church Quarterly for October, 1881. 

MARTYROLOGY, a catalogue or list of martyrs, 
arranged according to the succession of their anniver- 
saries, and sometimes including an account of their 
lives and sufferings. The corresponding word in the 
Greek Church is Menologion or Ancalogion ; from the 
Menologia the Synaxaria are compiled. The custom 
of paying honor to the memory of those who had 
‘‘ witnessed the good confession’’ in perilous times es- 
tablished itself very early in the Christian church, and 
one particular manner of commemoration was formally 
recognized by at least one ecclesiastical synod before 
the end of the 4th century; in the 47th canon of the 
third synod of Carthage (397 A.D.) itis decreed “‘liceat 
legi Passiones Martyrum quum anniversarii eorum dies 
celebrantur.’”’ Apart from the still extant Depositio 
Martyrum contained in the work of the chronographer 
of 354, edited in 1850 by Mommsen, the oldest ‘‘ mar- 
tyrologies”’ of which anything is known are the dpyalov 
paptrpiov cvvaywyh, or collection of records of past per- 
secutions, to which Eusebius more than once alludes 
as having been made by himself, and the treatise On 
the Martyrs of Palestine, by the same author, the full 
text of which has been preserved in an ancient Syriac 
version edited by Cureton. Next to the general mar- 
tyrology of Eusebius, in chronological order, it has 
been usual to place the calendar of saints’ days referred 
to in a letter, attributed to Jerome, which purports to 
be written in answer to bishops Chromatius and Helio- 
dorus, who had asked him to search the archives of 
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Eusebius with the view of enabling them to observe 
the saints’ days with more regularity. This epistle is 
now admitted to be spurious; ultimately, however, a 
so-called Martyrologium LHieronymianum came into 
existence, but it is not so much a single martyrology as 
arude patchwork derived from many ancient church 
calendars. In its present form it is a meagre list of 
names and places, but may be said to hie at the founda- 
tion of all subsequent Western ‘calendars. Almost 
contemporary with its last recension is what is known 
as the Purvim Martyrologium Romanum, found by 
Ado of Vienne about 850; in it many of the dates are 
changed, and for the first time days are assigned to the 
chief characters of Scripture. To nearly the same 
date must be assigned the independent compilation of 
Bede, which has reached us, however, only as enlarged 
by subsequent editors, The 9th century was very fertile 
in martyrologies, among which may be mentioned that 
of Florus, subdeacon of Lyons (ec. 830), who was the 
first editor of Bede, that of Hrabanus Maurus, an at- 
tempted further improvement on Bede and Florus, 
that of Ado, an enlargement of Florus, but based 
on the Parvum Martyrologium Romanum, that of 
Usuard of Paris, the epitomizer of Ado, and that of 
Notker of St. Gall, based on Ado and Hrabanus. The 
Martyrologium Romanum was published by Baronius 
at the command of Pope Gregory XIII. m 1586; the 
enlarged edition by Rosweyd appeared at Antwerp in 
1613. The Cistercian Martyrology appeared at Rome 
in 1733 and 1748. ‘The best-known Greek Menologion 
is that prepared in the 9th century by command of the 
emperor Basilius Macedo; it was edited in 1727 by 
Cardinal Hannibal Urbini. An ancient Syriac mar- 
tyrology, entitled ‘‘the names of our lords the martyrs 
and victors, with their days on which they won crowns,”’ 
written in 412, has been edited, with an English trans- 
lation, by Professor W. Wright, in the Jowrnal o 
Sacred Literature (1866). See’ Cutal. Syr. MSS. 
Br. Mus., ii. 632. 

MARULLUS, Micrarr TarcHanrora, (ob. 1500) 
one of the most brilliant scholars of the golden age of 
Florentine learning, was born at Constantinople, and 
at an early age, on the fall of his native city, was 
brought to Ancona in Italy, where he became the 
friend and pupil of Pontanus, with whom his name is 
associated by Ariosto ( Orl. Mur., xxxvii. 8). He was 
a soldier and a poet, and in the latter capacity pub- 
lished epigrams and hymni naturales.1 Marullus took 
no part in the work of translation, then so favorite an 
exercise of scholars, but he was understood to be plan- 
ning some great work when he perished, 10th April, 
1500, in the river Cecina near Volterra. Of other in- 
cidents in his life his feud with Politian and his mar- 
riage to the beautiful and learned Alexandra Scala, 
whom he praises in his poems, may be noticed. The 
name of Marullus is now perhaps most familiar from 
the brilliant emendations on Lucretius which he left 
unpublished, and which were used for the Juntine 
edition. See especially Munro’s Lweretius, 2d ed., p. 


6 sq. 

MARUM (in Dutch Marwm), Marri VAN (1750- 
1837), a distinguished Dutch man of science, born at 
Delft. Though his fame rests chiefly on his electrical 
researches, he took a prominent position in many de- 
partments of natural science. e graduated at Gro- 
ningen in medicine and philosophy, and his numerous 
papers take up subjects connected with botany, chem- 
istry, hygiene, natural history, and tethnology, as well 
as with his more special department, natural philo- 
sophy. In early life his father, who was a skilled 
mathematician, gave him a thorough training in the 
one really indispensable science. After his doctorate 
he for some time attached himself to the celebrated 
botanist Camper. He then commenced medical prac- 
tice in Haarlem, but seems to have been too busy with 


1 Two books of epigrams appeared first without date; an en- 
larged edition, with two additional books, published in 1497, 
contains also the so-called hymns, 
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original work to pay proper attention to his numerous 
patients. He deyoted himself mainly to lecturing on 
physical subjects; and, after a brief interval, his ex- 
tensive knowledge and methodical habits led to his 
being made secretary of the scientific society of his 
adopted city. For this post he was specially fitted ; 
and, under his active guidance, the society was ad- 
vanced to the position of one of the most noted in 
Europe. He soon became professor of physics, and 
was intrusted with the care of the celebrated ‘leyler 
collection (now the Musée 'Teyler). He caused to be 
constructed for this, by Cuthbertson, the gigantic elec- 
trical machine which, for a long period, was the most 
powerful in the world. He also effected great im- 
provements in air-pumps and other pneumatic ma- 
chines. Though his name is not associated with any 
discovery of the very first order, the number and 
variety of his researches (especially in connection with 
electricity) are remarkable. So also is the practical 
mode in which he regarded his results, always when 
at all possible from the technological point of view. 
The work by which he is best known is his Treatise on 


Electricity (Groningen, 1776), in which all that had | 


then been discovered in that science was carefully 
methodized. Van Marum was a man of quiet but 
active disposition, and of simple habits and_ tastes, 
which probably conduced in no small measure to the 
extreme length and usefulness of his life. 


MARUTSE-MABUNDA, a kingdom in South 


Africa, stretching from 18° to 14° 257 8. lat. and from | 


about 22° to 28° 25’ Ki. long., with an area estimated 
at 123,590 square miles. Tt all belongs to the basin 
of the Zambesi, and by far the greater proportion lies 
to the north of that river, which forms its southeastern 
boundary from the mouth of the Linyanti to the mouth 
of the Kafue, a distance of about 350 miles. The 
kingdom thus includes the main part of the territory 
formerly subject to the Makololo empire, which broke 
up on the death of Sekeletu in 1864. Of country and 
at oa Dr. Holub gives a very favorable report. Abun- 
ance of water, a fertile soil, and a genial climate ren- 
der easy the work both of husbandry and _ cattle- 
breeding. The chief crop is Kaffre corn, red and 
white ; the hemp-like kleen-korn or rosa, maize, water- 
melons, sugar-cane, ground-nuts, two kinds of beans, 
and manza are also cultivated. ‘‘September and 
October are the usual months for sowing; but gourds, 
leguminous plants, and tobacco are sown any time up 
to December, the growth of the two latter crops being 
go rapid that they often ripen by January, whilst 
Kaffre corn and maize are ready by February.’’ Up- 
wards of fifty kinds of wild fruit are used by the people 
as food. Salt has to be imported, and is consequently 
within the reach only of the wealthier classes. Besides 
the two great tribes which give their name to the king- 
dom, there are a large number of vassal tribes of 
numerical importance—Masupias, Matongas, Maka- 
lakas—all considered in the light of slaves by the rulers. 
The prevailing language is the Sesuto of the nearly 
extirpated Makololos. See Holub, Seven Years in 
South Africa, 1881. 
MARVELL, ANDREW (1621-1678), was born on 
March 31, 1621, at the parsonage of Winestead in 


Holderness. He was educated at Hull grammar school 
by his father, who had obtained high position in that 


Yr 
town, until his admission to Trinity College, Cam- 
bridge, on December 14, 1633. There he became en- 
snared by the Jesuits, who at that time were keen to 
secure youths of promise at the universities, and by 
them, probably in the beginning of 1638, was taken to 
London; but he was recaptured by his father, and 
again received into Trinity on April 13 of the same 
year. He appears to have contributed to the Musa 
Oantabrigiensis is 1637; and beyond this nothing is 
known or even conjectured as to his college career. In 
1640 his father was drowned under remarkable circum- 
stances, an event which appears to have entirely un- 
settled him, for by an entry in the College Conclusion 
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book, dated September 24, 1641, we find that he was 
adjudged by the seniority to have forfeited the benefits 
of the college. He used his liberty during the next 
four years to travel through the Continent, remaining 
abroad until 1646. It has been assumed that during 
this journey Marvell became acquainted with Milton, 
but a comparison of dates shows that this is an error. 
His first employment was in 1650, as tutor to Lord 
Pairfax’s daughter. During his stay at Nunappleton 
were written the Poems of the Country and some of 
the Poems of Imagination and Love. In 1652 he was 
in communication with Milton, to whom he had pro- 
bably been introduced by Fairfax, and was by him sent 
on February 21 to President Bradshaw with a letter 
urging his appointment as assistant Latin secretary to 
himself. The post was, however, otherwise filled wp, 
and he was provided instead with another tutorship, 
that of Cromwell's nephew, Mr. Dutton. This has 
been wrongly stated by several writers as not occurring 
until six years later. In 1657 the secretaryship again 
fell vacant, and was then conferred upon him, but he 


| held office for a year only, and no record of his work 


appears in the calendar of state papers. Marvell ac- 
cepted the Commonwealth as a practical fact, and the 
rule of Cromwell as the only guarantee for government 
at once tolerant andstrong. But he never lost his belief 
in the monarchical theory. His line ‘‘’Tis godlike good 
to save a falling king’’ is well known ; and throughout 
his most vehement invective against corruption there 
is a great tenderness and desire to spare the king. 
The assistant secretaryship opened the way to public 
life, and in 1658 Marvell was elected member for 
Kingston-upon-Hull in Richard Cromwell's parliament. 
From 1663 to 1665 he acted as secretary to Lord Car- 
lisle’s embassy to Muscovy, Sweden, and Denmark ; 
and this is the only official post he ever filled during 
the reign of Charles. With the exception of this and 
of shorter unexplained intervals of travel, Marvell was 
constant in his parliamentary attendance to the day of 
his death. He seldom spoke in the house, some five 
or six times in all, but his parliamentary influence is 
amply established by other evidence; and his corre- 
spondence with his constituents, from 1660 to 1678, 
forms a source of information all the more valuable be- 
cause by a resolution passed at the Restoration the pub- 
lication of the proceedings of the House without leave 
was forbidden. He made it a point of duty to write at 
each post—that is, every two or three days—-both on 
local interests and on all matters of public interest. 
The discreet reserve of these letters, natural at a time 
when the post-office was a favorite source of informa- 
tion to the Government, contrasts curiously with the 
freedom of the few private letters which state opinions, 
as well as facts. Marvell’s constituents, in their turn, 
were not unmindful of their member. He makes fre- 
quent references to their presents, usually of Hullale and 
of salmon, and he regularly drew from them the wages 
of a member, six and eightpence a day during session. 

During these years Marvell wrote a good deal of 
verse, chiefly satire, often very coarse, but always 
vigorous and full of an honest hatred at corruption. 
He chose verse merely as being the usual vehicle of 
satire, and cared little about form. ‘‘He plucked a 
cudgell from the nearest hedgerow, careless if it became 
fuel after it had served his tum.’ It was very dif- 
ferent with his prose satires. His peculiar talent was 
first displayed in the mock King’s Speech, issued in 
1675. This was written in a vein of genial banter, per- 
haps the greatest tribute to the influence which the 
bonhomie of Charles exercised even over such men as 
Marvell. But his tone soon changed, and The Growth 
of Popery and Arbitrary Power, published in the year 
of his death, is a grave indictment of the conduct of 
ministers of the crown, and, by implication, of Charles 
himself, since the Restoration. So shrewdly did this 
strike the conscience of the king that a proclamation, 
of which Marvell takes laughing notice, offered a large 
reward for the discovery of the author. 
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Asa political pamphleteer Marvell holds a high place; 
as a satirist he stands still higher, ‘Tolerance in relig- 
ion was his ereed, and this creed had been lately attack- 
ed by aclergyman seeking promotion, Dr. Parker, after- 
wards bishop of Oxford, who asserted in their most ex- 
travagant form the claims of the civil magistrate over 
the consciences of subjects in matters of external re- 
ligion. Marvell’s reply, The Rehearsal Transprosed, 
is a masterpiece of prolonged banter. It contains pas- 
sages of lofty indignation, hearty laughter, coarse vi- 
tuperation ; but the prevailing tone 1s that of grave 
and ironical banter. The effect as witnessed to by 
Anthony Wood, Burnet, and other contemporary 
writers, was to set the whole public ‘*‘ from the king to 
the tradesman”’ in a laugh against Parker. his stung 
him to an ill-tempered rejoinder, affording Marvell a 
second opportunity, of which he availed himself so 
well that no more was heard from his opponent; and 
Swift was shortly afterwards able to say that people 
remembered Parker's book only by Marvell’s answer. 
Marvell’s second controversial work, Ar. Smirke, or 
the Divine in Mode, was written in the same strain and 
under similar circumstances, and obtained a success 
fully equal to that of the Rehearsal Transprosed. It 
was a defence of Croft, bishop of Hereford, against a 
violent attack by Dr. Turner, the High Church master 
of St. John’s, Cambridge. Prefixed to it was a “‘ short 
historical essay concerning general councils,’’ intended 
to show the folly of religious impositions. Several 
other writings, often ascribed to him, more especially 
the Parliamenti Angliee Declaratio, A Sensible Ques- 
tion and an Usefull Answer, and the Flagellum Par- 
liamentarium, were certainly not his. 

As a humorist, then, and as a great ‘‘ parliament 
man,’’ no name is of more interest to a student of the 
reign of Charles II. than that of Marvell. But other 
qualities entitle him to still higher respect. ‘To a 
personal charm so great, to wit so brilliant, to learning 
so extensive, and to/sympathies so wide that he was at 
the same time dear to John Milton and courted by 
Charles II., he joined the rarest quality of that evil 
time, a robust and intrepid rectitude. In the very 
heyday of political infamy, at a time when he says 
passionately ‘‘we are all venal cowards except some 
few,’’ and when opposition to the court was likely to 
be resented by personal violence of the brutalest kind, 
he, a needy man, obliged to accept wages from his 
constituents, tempted in winning phrases from royal 
lips by his old schoolfellow Danby, and with nothing 
to gain from the court by purity, kept his political 
virtue unspotted and unsuspected. The meaning of 
this fact can barely be felt by any one who has not 
read with minute care the annals of that time. When 
the grossest forms of self-indulgence were the ordinary 
habits of town life, Marvell was a temperate man, in 
spite of Aubrey’s witness that he ‘‘kept bottles of 
wine at his lodgings and would drink liberally by him- 
self to refresh his spirits and exalt his muse.’’ Lastly, 
in the worst times of parliamentary violence, he stood 
forward throughout his career as the champion of 
moderate and tolerant measures. His person corre- 
sponded singularly with his mind, so far as can be 
judged from the portrait by Hannemann and from 
the few words of John Aubrey—‘‘ He was of a mid- 
dling stature, pretty strong set, roundish faced, cherry 
cheeked, hazel eyed, brown haired. In his conversa- 
tion he was modest and of very few words.” 

He died suddenly in 1678 on his return from Hull to 
take his seat in August. That he was poisoned, and 
at the instigation of the court, has been roundly 
asserted, naturally enough, though without the slight- 
est foundation. The matter has been finally set at 
rest by a very interesting letter by Dr. Samuel Gee in 
the Athenceum for March 7, 1874. 


The following works may be consulted on Marvell :— 
Life and Works—(1) by Thomas Cooke, 2 vols., 1726 (there 
is a reprint by Thomas Davies in 1772); (2) by Captain 
Thomson, 3 vols, 4to, 1776; (3) by John Dove, 1832; (4) by 


MARWAR—MARY. 


“Sion. 


[THE VIRGIN. 


Edwin Paxton Hood, 1853; and essays by Hartley Cole- 
ridge in Lives of the Northern Worthies, Henry Rogers in his 
collected Hssays, and’an anonymous author in the Cornhill 
Magazine for July, 1869, and in the Saturday Review for 
April 26, 1873. All these authorities are mentioned, col- 
lated, and corrected in the very important and laborious 
work of Mr. Grosart, whose book, in spite of its excessive 
mannerism and one or two curious inaccuracies, is indis- 
pensable to the student of Maryell’s correspondence and 
career. (O, A.) 

MARWAR. See Jopupur. ~ 

MARY! (Mapia, Mapiaz), the mother of Jesus, at 
the time when, the gospel history begins, had her 
home in Galilee, at the village of Nazareth. Of her 
parentage nothing is recorded in any extant historical 
document of the Ist century, for the genealogy in Luke 
iil. (cf i. 27) is manifestly that of Joseph. In early life 
she became the wife of JosnpH (q. v.) and also the 
mother of our Lord (see JEsus?) ; that she afterwards 
had other children is a natural inference from Matt. i. 
25, which the evangelists, who frequently allude to *‘ the 
brethren of the Lord,’’ are at no pains to obviate. 
The few incidents mentioned in Seripture regarding her 
show that she followed our Lord to the very close of 
His earthly career with unfailing motherliness, but 
the ‘‘ Magnificat’? assigned to her in Luke i. is the 
only passage which would distinetly imply on her 
part a high prophetic appreciation of His divine mis- 
i She was present at the crucifixion, where she 
was commended by Jesus to the care of the apostle 
John (John xix. 26, 27), Joseph haying apparently 
died before this time. (It foul be idle to inquire why 
‘*the brethren of the Lord,’’ who, whatever their re- 
lationship to Mary, must at least have been nearer 
than John, were ignored in this arrangement). Mary 
is mentioned in Acts i. 14 as having been among 
those who continued in prayer along with the apos- 
tles at Jerusalem during the interval between the 
ascension and pentecost. There is no allusion in 
oe ey ew Testament to the time or place of her 

eath. 

The subsequent growth of ecclesiastical tradition and 
belief regarding Mary will be traced most conveniently 
under the separate heads of (1) her perpetual virginity, 
(2) her absolute sinlessness, (3) her peculiar relation to 
the Godhead, which specially fits her for successful in- 
tercession on behalf of mankind. 

Her Perpetual Virginity.—This doctrine, as has al- 
ready been pointed out, was, to say the least, of no 
importance in the eyes of the evangelists, and so far as 
extant writings go there is no evidence of its having 
been anywhere taught within the pale of the catholic 
church of the first three centuries. On the contrary, 
to Tertullian the fact of Mary’s marriage after the 
birth of Christ is a useful argument for the reality of 
the Incarnation against Gnostic notions, and Origen re- 
lies upon the references to the Lord’s brethren as dis- 
proving the Docetism with which he had to contend. 
The aecrapbevia, though very ancient, is in reality a 
doctrine of non-catholie origin, and first occurs in a 
work proscribed by the earliest papal Index Iibrorum 
Prohibitorwm (attributed to Gelasius) as heretieal,— 
the so-called Protevangelium Jacobi, written, it is gen- 
erally admitted, within the 2d century. According to 


1 The name (Heb. Dy»), that of the sister of Moses and Aaron, 


is of uncertain etymology ; many interpretations have been sug- 
gested, including “stella maris,’ which, though it has attained 
considerable currency through Jerome (the Onomasticon), may be 
at once dismissed. It seems to have been very common among 
the Jews in New Testament times; besides the subject of the 
present notice there are mentioned (1) ‘‘Mary (the wife) of Clo- 
pas” who was perhaps the mother of James “the little’? (6 urxpds) 
and of Joses (see vol. xiii. pp. 562, 563); (2) Mary Magdalene, 7. e., 
of Magdala ; (3) Mary of Bethany, sister of Martha and Lazarus; 
(4) Mary the mother of Mark (see Mark); and (5) Mary, an other- 
wise unknown benefactress of the apostle Paul (Rom. xvi. 6). 

2 Vol. xiii. 667 sg., where (p. 669) sufficient reference is made to 
the coarse view of this event taken by the later hostile Judaism 
(a view supposed by some to be alluded to even in John viii. 41). 
We learn from Origen that the story about the soldier Panthera 
(Ilav@jp2) was already upheld by Celsus. The Ebionites and 
orney a ae sects, as is well known, maintained the paternity 
of Joseph. 
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this very early source, which seems to have formed 
the basis of the later Liber de Infantia Maric et 
Christi Salvatoris and Evangelium de Nativitate 
Maric, the name of Mary’s father was Joachim (in 
the Liber de Infantiaa shepherd of the tribe of Judah, 
living in Jerusalem); he had lone been married to 
Anna her mother, whose continued childlessness had 
become a cause of much humiliation and sorrow to 
them both. The birth of a daughter was at last an- 
gelically predicted to each parent separately. From 
her third to her twelfth year ‘‘ Mary was in the temple 
as if she were a dove that dwelt there, and she received 
food from the hand of an angel.’’ When she became 
of nubile age a guardian was sought for her by the 
priests among the widowers of ae. ‘lest she 
should defile the sanctuary of the Lord’; and 
Joseph, an elderly man with a family, was indicated 
for this charge by a miraculous token. Some time 
afterwards the annunciation took place; when the 
Virgin’s pregnancy was discovered, Joseph and she 
were brought before the high priest, and, though as- 
serting their innocence in all sincerity, were acquitted 
only after they had been tried with ‘‘the water of the 
ordeal of the Lord’’ (Numb. v. 11). Numerous de- 
tails regarding the birth at Bethlehem are then given. 
The perpetual physical virginity of Mary, naively in- 
sisted upon in a. apocryphon, is alluded to only with 
a half belief and a ‘‘ some say’’ by Clement of Alex- 
andria (Strom., vii. 16), but became of much impor- 
tance to the leaders of the church in the 4th century, as 
for example to Ambrose, who sees in Ezek. xliv. 1-3 
a prophetic indication of so great a mystery.' ‘Those 
who continued to believe that Mary, after the miracu- 
lous birth of Jesus, had become the mother of other 
children by Joseph came accordingly to be spoken of 
as her enemies,—Antidicomarianite (Kpiphanius) or 
Antidicomarite: (Anugustine),—and the first-mentioned 
author devotes a whole chapter (chap. 78) of his great 
work upon heresies to their confutation. For holding 
the same view Bonosus of Sardica was condemned by 
the synod of Capua in 391. To Jerome the perpetual 
virginity not only of Mary but even of Joseph appeared 
of so much consequence that while a young man he 
wrote (387) the long and vehement tract Against Hel- 
vidius, in which he was the first to broach the theory 
(which has since gained wide currency) that the 
brethren of our Lord were children neither of Mary by 
her husband, nor of Joseph by a former marriage, but 
of another Mary, sister to the Virgin and wife of Clo- 
pas or Alphzus. At last the epithet of de? mapbévoc 
was authoritatively applied to the Virgin by the coun- 
cil of Chalcedon in 451, and the doctrine implied has 
ever sinee been an undisputed point of orthodoxy both 
in the Eastern and in the Western church, some even 
seeking to hold the Anglican Church committed to it 
or account of the general declaration (in the Homilies) 
of concurrence in the decisions of the first four general 
councils. 

Her Absolute Siilessness.—W hile much of the apoc- 
ryphal literature of the early sects in which she is re- 
peatedly spoken of as ‘‘ undefiled before God”’ would 
seem to encourage some such doctrine as this, many 
passages from the acknowledged fathers of the church 
could be cited to show that it was originally quite un- 
known to catholicism. Hyen Augustine repeatedly as- 
serts that she was born in original sin (De Gen. ad lit., 
and the locus classicus regarding her possible 
immunity from actual transgression, on which the sub- 
sequent doctrine of Lombardus and his commentators 
was based, is simply an extremely guarded passage 
(De Nat. e¢ Grat., chap. 36) in which, while contra- 
dicting the assertion of Pelagius that many had lived 
free from sin, he wishes exception to be made in favor 
of ‘‘the holy Virgin Mary, of whom out of honor to 
the Lord I wish no question to be made where sins are 


1 De Inst. Virg., “ quee est heec porta nisi Maria? .. . per quam 
Christus intravit in hune mundum, quando virginali fusus est 
partu et genitalia virginitatis claustra non solvit.’ 
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treated of,—for how do we know what mode of grace 
wholly to conquer sin may have been bestowed upon 
her who was found meet to conceive and bear Him of 
whom it is certain that He had no sin.’’ A writer so 
late as Anselm (Cur Deus Homo, ii. 16) declares that 
‘the Virgin herself whence He (Christ) was assumed 
was conceived in iniquity, and in sin did her mother 
conceive her, and with original sin was she born, be- 
cause she too sinned in Adam in whom all sinned,” 
aud the same view was expressed by Damian. The 
growth of the modern Roman doctrine of the immacu- 
late conception from the time in the 12th century when 
the canons of Lyons sought to institute a festival in 
honor of her ‘‘ holy conception,’’ and were remonstrated 
with by Bernard, has been already sketched elsewhere 
(see ImmaAcuULATE Conception). ‘The epithets ap- 
plied to her in the Greek Church are such as ay6/vvroc, 
mavayvoc, ayia; but in the Hast generally no clear dis- 
tinction is drawn between immunity from actual sin 
and original sinlessness. 

Her Peculiar Relation to the Godhead, which 
specially fits her for Successful Intercession on Behalf 
of Mankeind.—lt seems probable that the epithet 
Geordxoc (‘* Mother of God’’) was first applied to Mary 
by theologians of Alexandria towards the close of the 
3d century; but it does not occur in any genuine ex- 
tant writing of that period, unless we are to assign an 
early date to the apocryphal Vransitus Maric, in 
which the word is of frequent occurrence. In the 4th 
century it is met with frequently, being used by Huse 
bius, Athanasius, Didymus, and Gregory of Nazi- 
anzus,—the latter declaring that the man who believes 
not Mary to have been @eoréxoc has no part in God 
( Orat., li. p. 738)? If, as is not unlikely, its use was 
first recommended by a desire to bring into prominence 
the divinity of the Incarnate Word, there can be no 
doubt that latterly the expression came to be valued as 
directly honorable to Mary herself and as correspond- 
ing to the greatly increased esteem in which she per- 
sonally was held throughout the catholic world, so 
that, when Nestorius and others began to dispute its 
propriety in the following century, their temerity was 
resented, not as an attack upon the established ortho- 
dox doctrine of the Nicene creed, but as threatening a 
more vulnerable and more tender part of the popular 
faith. It is sufficient in illustration of the drift of 
theological opinion to refer to the first sermon of Pro- 
clus, preached on a certain festival of the Virgin 
(xavgyvpic mapfevixy) at Constantinople about the year 
430 or to that of Cyril of Alexandria delivered in the 
church of the Virgin Mary at the opening of the coun- 
cil of Ephesus in 431. In the former the orator speaks 
of “the holy Virgin and Mother of God”’ as ‘‘the 
spotless treasure-house of virginity, the spiritual para- 
dise of the second Adam; the workshop in which the 
two natures were welded together : the one 
bridge between God and men’’;? in the latter she is 
saluted as the ‘‘ mother and virgin,”’ ‘‘ through whom 
(de 7c) the Trinity is glorified and worshipped, the 
cross of the Saviour exalted and honored, through 
whom heayen triumphs, the angels are made glad, 
devils driven forth, the tempter overcome, and the 
fallen creature raised up even to heaven.’’ The re- 
sponse which such language found in the popular 
heart was sufficiently shown by the shouts of joy with 
which the Ephesian mob heard of the deposition of 
Nestorius, escorting his judges with torches and in- 
cense to their homes, and celebrating the occasion by 
a general illumination. The causes which in the 
course of the preceding century had led to to this ex- 
altation of the Mother of Godin the esteem of the 
catholic world are not far to seek. On the one hand 


2 See Gieseler (KG., Bd. i. Abth. 1), who points out instances in 
which anti-Arianizing zeal went so far as to call David Georatwp, 
and James adeApodeos. : 

3 Labbé, Cone,, vol. iii. p. 51, Considerable extracts are given 
by Augusti (Denkw, ili.) ; see also Milman (Lat. Christ, i. 185), who 
characterizes much of it as a “ wild labyrinth of untranslatable 
metaphor.” . 
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the solution of the Arian controversy, however correct | 
it may have been theoretically, undoubtedly had) 
the practical effect of relegating the God-man re- | 


deemer for ordinary minds into a far away region of 
Ree 1 . 1 ” . 
remote and awful Godhead,’’ so that the need for a 
mediator to deal with the very Mediator could not fail 
to be felt. On the other hand, it must be accepted as 
a fact abundantly proved by history that the religious 
instincts of mankind are very ready to pay worship, in 


MARY. 


grosser or more refined forms, to the idea of woman- | 


hood; at all events many of those who became profes- | 


sing Christians at the political fall of paganism entered 
the church with such instinets (derived from the 
nature-religions in which they had been been brought 
up) very fully developed. Probably it ought to be 
added that the comparative colorlessness with which 
the character of Mary is presented not ouly in the cano- 
nical gospels but even in the most copious of the 
apocrypha left greater scope for the untrammelled ex- 
ercise of devout imagination than was possible in the 
ease of Christ, in the circumstances of whose humilia- 
tion and in whose recorded utterances there were 
many things which the religious consciousness found 
difficulty in understanding or in adapting itself to. At 
all events, from the time of the council of Ephesus, to 
exhibit figures of the Virgin and Child became the ap- 
proved expression of orthodoxy, and the relationship 
of mathatiogs in which Mary had been formally de- 
clared to stand to God! was instinctively felt to give the 
fullest and freest sanction of the church to that invo- 
cation of her aid which had previously been resorted 
to only hesitatingly and occasionally. Previously to 
the council of Ephesus, indeed, the practice had ob- 
tained complete recognition, so far as we know, in 
those circles only in which one or other of the numer- 
ous redactions of the 7ransitus Marie passed current.? 
There we read of Mary’s prayer to Christ: ‘‘ Do Thou 
bestow Thine aid upon every man ealling upon, or 
praying to, or naming the name of Thine handmaid”’ ; 
to which His answer’ is, ‘‘ Every soul that calls upon 
thy name shall not be ashamed, but shall find merey 
and support and confidence both in the world that now 
is and in that which is to come in the presence of My 
Father in the heavens.” But Gregory of Nazianzus 
also, in his panegyric upon Justina, mentions with in- 
cidental approval that in her hour of peril she ‘‘im- 
plored Mary the Virgin to come to the aid of a virgin 
in her danger.’?* Of the growth of the Marian cultus, 
alike in the Hast and in the West, after the decision 
at Ephesus it would be impossible to trace the his- 
tory, however slightly, within the limits of the present 
article. Justinian in one of his laws bespeaks her ad- 
vocacy for the empire, and he inseribes the high altar 
in the new church of St. Sophia with her name. 
Narses looks to her for directions on the field of battle. 
Heraclius bears her image on his banner. John of 
Damascus speaks of her as the sovereign lady to whom 
the whole creation has been made subject by her son. 
Peter Damian recognizes her as the most exalted of all 
creatures, and apostrophizes her as deified and endowed 
with all power in heaven and in earth, yet not forget- 


1 The term Gcordxos does not actually occur in the canons of 
Ephesus. It is found, however, in the creed of Chalcedon, 

2Tt is true that Irenzeus (/fzr., vy. 19, 1) in the passage in which 
he draws his well-known parallel and contrast between the first 
and second Eve (comp Justin, Dial. ¢. Tryph., 100), to the effect 
that, “as the human race fell into bondage to death by a virgin, 
so is it rescued by a virgin,” takes occasion to speak of Mary as 
the “adyocata” of Eve ; but it seems certain that this word is a 
translation of the Greek ovvjyopos, and implies hostility and re- 
buke rather than advocacy. 

* It is probable that the commemorations and invocations of 
the Virgin which occur in the present texts of the ancient litur- 
sige of “St. James” and ‘‘St. Mark” are due to interpolation. 

n this connection ought also to be noted the chapter in Epiph- 
anius (Jer, 79) against the ‘ Collyridians,” certain women in 
Thrace, Scythia, and Arabia, who were in the habit of wor- 
shipping the Virgin (dei map0évov) as a goddess, the offering of a 
cake (koAdvpida Tuva) being one of the features of their worship. 
He rebukes them for offering the worship which was due to the 
Trinity alone; ‘let Mary be held in honor, but by no means wor- 
shipped.” 
pare Jerem, xliv. 19. 


The cultus was probably a relic of heathenism; com- | 
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ful of our race.* In a word, popular devotion gradu- 
ally developed the entire system of doctrine and prac- 
tice which Protestant controversialists are accustomed 
to call by the name of Mariolatry. With reference 
to this much-disputed phrase it is always to be kept 
in mind that the directly authoritative documents, 
alike of the Greek and of the Roman Church, dis- 
tingnish formally between ‘ latria’’ and ‘‘dulia,” and 
declare that the ‘‘ worship’’ to be paid to the mother 
of God must never exceed that superlative degree of 
‘“dulia’’ which is vaguely described as ‘* hyperdulia.”’ 
On the other hand, it must be remembered that the 
comparative reserve shown by the council of Trent 
in its deerees, and even in its catechism,° on this sub- 


ject has not been observed by individual theologians, 


and in view of the fact of the canonization of some of 
these (such as Liguori),—a fact guaranteeing the ab- 
sence of erroneous teaching from their writings,—it 
does not seem unfair to hold the Roman Church re- 
sponsible for the natural interpretations and just in- 
ferences which may be drawn even from apparently 
exaggerated expressions in such works as the well- 
known Glories of Mary and others frequently quoted 
in controversial literature. A good résumé of recent 
Catholic developments of the cultus of Mary is to be 
found in Pusey's “irenicon. 


The following are the principal feasts of the Virgin in 
the order in which they oceur in the ecclesiastical year. 
(1) That of the Presentation (Presentatio B. V. M., r& 
cicddta ris @sordxov), to commemorate the beginning of her 
stay in the temple, as recorded in the Protevangeliwm Jacobi 
(see above). It is believed to have originated in the East 
sometime in the 8th century, the earliest allusion to it be- 
ing made by George of Nicomedia (9th century); Manuel 
Comnenus made it universal for the Eastern empire, and 
in the modern Greek Church it is one of the five great fes- 
tivals in honor of the Deipara. It was introduced into the 
Western Church late in the 14th century, and, after having 
been withdrawn from the calendar by Pius V., was restored 
by Sixtus V., the day observed both in East and West be- 
ing November 21. It is not mentioned in the English eal- 
endar. (2) The Feast of the Conception ( Conceptio B. V. M., 
Conceptio Immaculata B. V. M., c6\AnWs ris dylas “Avyns), ob- 
served by the Roman Catholic Church on December 8, and 
by all the Eastern churches on December 9, has already 
been explained (see IMMACULATE CONCRPTION); in the 
Greek Church it only ranks as one of the middle festivals 
of Mary. (3) The Feast of the Purification (Occursus, 
Obviatio, Preesentatio, Festum SS. Simeonis et Anne, Purificatio, 
Cundelaria, draravri bravri}) is otherwise known as CANDLE- 
MAS (q.0.). (4) The Feast of the Annunciation of the Vir- 
gin Mary (Annunciatio, Ebayye\opds) ; see ANNUNCIATION. 
It may be mentioned that at the Toledan council in 656 it 
was decreed that this festival should be observed on De- 
cember 18, in order to keep clear of Lent. (5) The Feast © 
of the Visitation (Visitatio B. V. M.) was instituted by 
Urban VI., promulgated in 1389 by Boniface IX., and re- 
appointed by the council of Basel in 1441 in commemora- 
tion of the visit paid by Mary to Elizabeth. It is observed 
on July 2, and has been retained in the English calendar, 
(6) The Feast of the Assumption (Dormitio, Pausatio, Tran- 
situs, Depositio, Migratio, Assumptio, koipnots, psrdoracts, dvd~ 
A\nWis) has reference to the apocryphal story related in sey- 
eral forms in various documents of the 4th century con- 
demned by Pope Gelasius. Their general purport is that 
as the time drew nigh for “the most blessed Virgin ” (who 
is also spoken of as “ Holy Mary,” “the queen of all the 
saints,’ “the holy spotless Mother of God”) to leave the 
world, the apostles were miraculously assembled round her 


4“Numquid quia ita deificata, ideo nostroe humanitatis oblita 
es? Nequaquam, Domina. . . . Data est tibi_ omnis potestas 
in ecelo et in terra, Nil tibiimpossibile.” Serm. de Natiy. Maric, 
ap. Gieseler, KG., Bd. ii. Abth. 1. 

’ The points taught in the catechism are—that she is truly the 
Mother of God, and the second Eye, by whose means we have re- 
ceived blessing and life; that she is the Mother of Pity, and ve 
specially our advocate; that her merits are highly exalted, ani 
that her dispositions towards us are extremely pragioue that her 
images are of the utmost utility. In the Missal her intercessions 
(though alluded to in the canon and elsewhere) are seldom 
directi y appealed to exceptin the Litany and in some of the later 
offices such as those for September 8, and for the Festival of the 
Seven Sorrows (deereed by Benedict XIII. in 1727). Noteworthy 


/ are the versicles in the office for December 8 (The Feast of the 


Immaculate Conception), ‘Tota pulchra es, Maria, et macula 
originalis non est in te,” and “ Gloriosa dicta sunt de te, Maria, 
quia fecit tibi magna qui potens est.” : : 
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deathbed at Bethlehem on the Lord’s day, whereupon 
Christ descended with a multitude of angels and received 
her soul. After “ the spotless and precious body ” had been 
laid in the tomb, “suddenly there shone round them (the 
apostles) a miraculous light,” and it was taken up into 
heaven. The first Catholic writer who relates this story is 
Gregory of Tours (¢, 590) ; Epiphanius two centuries earlier 
had declared that nothing was known as to the circum- 
stances of Mary’s death and burial; and one of the docu- 
ments of the council of Ephesus implies the belief that she 
was buried in that city. The Sleep of the Theotokos is 
observed in the Greek Church as a great festival on Au- 
gust 15; the Armenian Church also commemorates it, but 
the Lthiopic Church celebrates her death and burial on 
two separate days. The earliest allusion to the existence 
of such a festival in the Western Church seems to be that 
found in the proceedings of the synod of Salzburg in 800; 
it is also spoken of in the thirty-sixth canon of the reform- 
ing synod of Mainz, held in 813. It was not, however, at 
that time universal, being mentioned as doubtful in the 
capitularies of Charlemagne. It ought to be observed 
that the doctrine of the bodily assumption of the Virgin 
into heaven, although extensively believed, and indeed 
flowing as natural theological consequence from that of 
her sinlessness, has never been declared to be “de fide” by 
the Church of Rome, and is still merely a ‘“ pia sententia.”’ 
(7) The Nativity of Mary (Nativitas, yevi@doy ris Oc0r6xo»), 
observed on September 8, is first mentioned in one of the 
homilies of Andrew of Crete (c¢. 750), and along with the 
feasts of the Purification, the Annunciation, and the As- 
sumption, it was appointed to be observed by the synod of 
Salzburg in 800, but seems to have been quite unknown at 
that time in the Gallican Church, and even two centuries 
later if was by no means general in Italy. In the Roman 
Church a large number of minor festivals in honor of the 
Virgin are locally celebrated; and all the Saturdays of the 
year as well as the entire month of May are also regarded 
as sacred to her. (J S. BL.) 
MARY L., queen of England (1516-1558),.unpleas- 
antly remembered as ‘‘ the Bloody Mary’’ on account 
of the religious persecutions sanctioned under her 
reign, was a woman whose private history demands 
no less compassion than her policy as queen (if indeed 
it was her own) merits the condemnation of a more 
humane and tolerant age. She was the daughter of 
Henry VILL. and Catherine of Aragon, born in the 
earlier years of their married life, when as yet no cloud 
had darkened the prospect of Henry’s reign. Her 
birth occurred at Greenwich on Monday the 18th Feb- 
ruary, 1516, and she was baptized on the following 
Wednesday, Cardinal Wolsey standing as her god- 
father. She seems to have been a singularly preco- 
cious child, and is reported in July, 1520, when she 
was little more than four years of age, as entertaining 
some visitors by a performance on the virginals. 
When she was little over nine she was addressed in 
a complimentary Latin oration by commissioners sent 
over from Flanders on commercial matters, and replied 
to them in the same language ‘‘ with as much assur- 
ance and facility as if she had been twelve years old”’ 
(Gayangos, iii. pt. 1, 82). Her father, against whom 
it cannot be said that he depreciated learning, had 
taken eare to give her an excellent education, and was 
proud of her achievements. About the same time 
that she replied to the commissioners in Latin he was 
arranging that she should learn Spanish, Italian, and 
French. A great part, however, of the credit of her 
early education was undoubtedly due to her mother, 
who not only consulted the Spanish scholar Vives 
upon the subject, but was herself Mary’s first teacher 
in Latin. She was also well instructed in music, and 
among her principal recreations as she grew up was 
that of playing on the virginals and lute. 
It was a misfortune that she shared with many 
other high-born ladies in those days that her pros- 
ects of life were made a matter of sordid bargaining 
rom the first. Political alliances to be cemented by 
marriages between persons who were at the time mere 
infants—or perhaps, moreshameful still, between a child 
and a superannuated debauchee—are among the most 
repulsive features of the times. Mary was little more 
than two years old when she was proposed in marriage 
to the dauphin, son of Francis I. Three years after- 
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wards the French alliance was broken off, and she was 
affanced to her cousin the young emperor Charles 
VY. by the treaty of Windsor. 0 one, perhaps, 
seriously expected either of these arrangements to 
endure; and, though we read in grave state pa- 
pers of some curious compliments and love tokens 
(really the mere counters of diplomacy) professedly 
sent by the girl of nine to the powerful cousin 
whom she had never seen, not many years passed 
away before Charles released himself from this engage- 
ment and made a more convenient match. Jn 1526 a 
rearrangement was made of the royal household, and it 
was thought right to give Mary an establishment of 
her own along with a council on the borders of Wales, 
for the better government of the Marches. Jor some 
years she accordingly kept her court at Ludlow, while 
new arrangements were made for the disposal of her 
hand in connection with the latest turn in the tortuous 
game of diplomacy. She was now proposed as a wife, 
not for the dauphin as before, but for his father Fran- 
cis I., who had just been redeemed from captivity at 
Madrid, and who was only too glad of an alliance with 
England to mitigate the severe conditions imposed on 
him by the emperor. Wolsey, however, on this occa- 
sion, only made use of the princess as a bait to enhance 
the terms of the compact, and left Francis free in the 
end to marry the emperor's sister. 

It was during this negotiation, as Henry afterwards 
yretended, that the question was first raised whether 
acts own marriage with Catherine was a lawful one. 
The bishop of 'arbes, who was one of the ambassa- 
dors sent over by Francis to ask the princess in marriage, 
had, it was said, started an objection that she might 
possibly be considered illegitimate on account of her 
mother having been once the wife of her father’s bro- 
ther. The statement was a mere pretence to shield 
the king when the unpopularity of the divorcee became 
apparent. It is not only extremely improbable in it- 
self, but is proved to be untrue by the strongest. evi- 
dence, for we have pretty full contemporary records of 
the whole negotiation. On the contrary, it is quite 
clear that Henry, who had already for some time con- 
ceived the project of a divorce, kept the matter a dead 
secret, and was particularly anxious that the French 
ambassadors should not know it, while he used his 
daughter’s hand as a bait for a new alliance. The al- 
liance itself, however, was actually concluded by a 
treaty dated Westminster, the 30th April, 1527, in 
which it was provided, as regards the Princess Mary, 
that she should be married either to Francis himself 
or to his second son Henry, duke of Orleans. But the 
real object was only to lay the foundation of a perfect 
mutual understanding between the two kings, which 
Wolsey soon after went into France to confirm. 

During the next nine years the life of Mary, as well 
as that of her mother, was rendered miserable by the 
conduct of Henry VIII. in seeking a divorce. During 
the most of that period mother and daughter seem to 
have been kept apart, and, though sometimes living 
at no great distance from each other, were strictly for- 
bidden to see each other. Of the two it may be that 
Queen Catherine had the hardest trial; but Mary’s 
was scarcely less severe. Removed from court and 
treated as a bastard, she was, on the birth of Anne 
Boleyn’s daughter, required to give up the dignity of 
princess and acknowledge the illegitimacy of her own 
birth. On her refusal her household was broken up, 
and she was sent to Hatfield to act as lady-in-waiting 
to her own infant sister. Nor was even this the worst 
of her trials; her very life was in danger from the ha- 
tred of Anne Boleyn. Her health, moreover, was in- 
different, and even when she was seriously ill, although 
Henry sent his own physician Dr, Buttes to attend 
her, he declined to let her mother visit her. So also 
at her mother’s death in January, 1536, she was _for- 
bidden to take a last farewell of her. But in May 
following another change occurred which seemed to 
promise some kind of relief. Anne Boleyn, the real 
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cause of all her miseries, fell under the king’s dis- 
pleasure and was put to death. Mary was then urged 
to make a humble submission to her father as the means 
of recovering his favor, and, after a good deal of cor- 
respondence with the king’s secretary Cromwell, she 
actually did so. ‘The terms exacted of her were bitter 
in the extreme, but there was no chance of making 
life tolerable otherwise, if indeed she was permitted to 
live at all; and the poor friendless girl, absolutely at 
the mercy of a father who could brook no contradic- 
tion, at length subscribed an act of submission, ac- 
knowledging the king as supreme, repudiating the 
pope’s authority, and confessing that the marriage be- 
tween her father and mother ‘‘ was by God’s law and 
man’s law incestuous and unlawful.’ 

No act, perhaps, in the whole of Henry’s reign gives 
us a more painful idea of his revolting despotism. 
Mary was a high-spirited girl, and undoubtedly popu- 
lar. All Europe looked upon her at that time as the 
only legitimate child of her father, but her father 
himself compelled her to disown the title and pass an 
unjust stigma on her own birth and her mother’s good 
name. Nevertheless Henry was now reconciled to her, 
and gave her a household in some degree suitable to 
her rank. During the rest of the reign we hear little 
about her except in counection with a number of new 
marriage projects taketl up and abandoned successively, 
one of which, to the count palatine Philip, duke of 
Bavaria, was specially repugnant to her in the matter 
of religion. Her privy purse expenses for nearly the 
whole of this period haye been published, and show 
that Hatfield, Beaulieu or Newhall in Essex, Rich- 
mond, and Hunsdon were among her principal places 
of residence. Although she was still treated as of il- 
legitimate birth, it was believed that the king, having 
obtained from parliament the extraordinary power to 
dispose of the crown by will, would restore her to her 
place in the succession, and three years before his death 
she was so restored by statute, but still under condi- 
tions to be regulated by her father’s will. 

Under the reign of her brother Edward VI. she was 
again subjected to severe trials, which at one time 
made her seriously meditate taking flight and escaping 
abroad. [dward himself indeed seems to have been 
personally not unkind to her, but the religious revolu- 
tion in his reign assumed proportions such as it had 
not done before, and Mary, who had done sufficient 
violence to her own convictions in submitting to a des- 
potic father, was not disposed to yield an equally tame 
obedience to authority exercised by a factious council 
in the name of a younger brother not yet come to 
years of discretion. Besides, the cause of the pope 
was naturally her own. In spite of the forced declara- 
tion formerly wrung from herself, no one really re- 
garded her as a bastard, and the full recognition of her 
rights depended on the recognition of the pope as head 
of the church. Hence, when Edward’s parliament 

assed an Act of Uniformity enjoining services in 
Heit and communion in both kinds, the law ap- 
peared to her totally void of authority, and she insisted 
on haying mass in her own private chapel under the 
old form. When ordered to desist she appealed for 
protection to the emperor Charles V., who, being her 
cousin, intervened for some time not ineffectually, 
threatening war with England if her religious liberty 
was interfered with. But KEdward’s court was com- 
posed of factions of which the most violent eventually 
earried the day. Lord Seymour, the admiral, was at- 
tainted of treason and beheaded in 1549. His brother, 
the Protector Somerset, met with the same fate in 
1552. Dudley, duke of Northumberland, then be- 
came paramount in the privy council, and easily ob- 
tained the sanction of the young king to those schemes 
for altering the succession which led immediately after 
his death to the usurpation of Lady Jane Grey. Dud- 
ley had, in fact, overawed all the rest of the privy 
council, and when the event occurred he took such 
energetic measures to give effect to the scheme that 
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Lady Jane was actually recognized as queen for some 
days, and Mary had even to fly from Hoddesden into 
Norfolk. But the country was really devoted to her 
cause, as indeed her right in law was unquestionable, 
and before many days she was royally received in Lon- 
don, and took up her abode within the Tower. 

Her first acts at the beginning of her reign displayed 
a character very different from that which she still 
holds in popular estimation. Her clemency towards 
those who had taken up arms against her was alto- 
gether remarkable. She released from prison Lady 
Jane’s father, Suffolk, and had difficulty even in sign- 
ing the warrant for the execution of Northumberland. 
Lady Jane herself she fully meant to spare, and did 
spare till after Wyatt's formidable insurrection. Her 
conduct, indeed, was in every respect conciliatory and 
pacific, and so far as they depended on her personal 
character the prospects of the new reign might have 
appeared altogether favorable. But unfortunately her 
position was one of peculiar difficulty, and the policy 
on which she determined was far from judicious. In- 
experienced in the art of governing, she had no trusty 
councillor but Gardiner; every other member of thie 
council had been more or less implicated in the con- 
spiracy against her. And though she valued Gardi- 
ner’s advice she was naturally led to rely even more 
on that of her cousin, the emperor, who had been her 
mother’s friend in adversity, and had done such mate- 
rial service to herself in the preceding reign. Follow- 
ing the emperor’s guidance she determined almost 
from the first to make his son Philip her husband, 
though she was eleven years his senior. She was 
also strongly desirous’ of restoring the old religion and 
wiping out the stigma of illegitimacy passed upon her 
birth, so that she might not seem to reign by virtue 
of a mere parliamentary settlement. 

Kach of these different objects was attended by dif- 
ficulties or objections peculiar to itself; but the mar- 
riage was the most unpopular of all. A restoration 
of the old religion threatened to deprive the new own- 
ers of abbey lands of their easy and comfortable acqui- 
sitions; and it was only with an express reservation: 
of their interests that the thing was actually accom- 
plished. A declaration of her own legitimacy neces- 
sarily cast a slur on that of her sister Klizabeth, and 
cut her off from the succession. But the marriage 
promised to throw England into the arms of Spain 
and place the resources of the kingdom at the com- 
mand of the emperor’s son. ‘The Commons sent her 
a deputation to entreat that she would not marry a 
foreigner, and when her resolution was known, insur- | 
rections broke out in different parts of the country. 
Suffolk, whose first rebellion kad been pardoned, pro- 
claimed Lady Jane Grey again in Leicestershire, while 
young Wyatt raised the county of Kent and actually 
besieged the queen in her own palace at Westminster. 
In the midst of the danger Mary showed great intre- 
pidity, and the rebellion was presently quelled; after 
which, unhappily, she got leave to pursue her own. 
course unchecked. She married Philip, restored the 
old religion, and got Cardinal Pole to come over and 
absolve the kingdom for its past disobedience to the 
Holy See. 

But the misgivings of those who had disliked the 
Spanish match were more than sufficiently justified by 
the course of events. Mary yielded a loyal and wo- 
manly devotion to a husband who did not too great] 
esteem the treasure of her person. Her health, whic 
was feeble before, was bad for the remainder of her 
days, and she fell under a delusion at first that it was 
owing to an approaching confinement. Disappoint- 
ment and vexation probably added to her helplessness. 
The resources of the kingdom were at Philip’s com- 
mand, and he even took ships of the English fleet to 
escort his father the emperor, on his abdication, to 
Spain. More extraordinary still, he ultimately suc- 
ceeded in committing England to a war against France, 
when France had made an alliance with the pope 
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ee him as king of Spain; so the very marriage 
which was to confirm England in the old religion led 
to a war against the occupant of the see of Rome. 
And it was this war with Beate which produced the 
final calamity of the loss of Calais which sank so deeply 
into Mary’s heart some months before she died. 

The cruel persecution of the Protestants, which has 
cast so much infamy upon her reign, began about six 
months after her marriage; and it is not difficult to 
see that it was greatly due to the triumph of ideas 
imported from the land of the Inquisition. Rogers, 
the first of the martyrs, was burnt on the 4th February, 
1555. Hooper, bishop of Gloucester, had been con- 
demned six days before, and suffered the same fate 
upon the 9th. From this time the persecution went 
on uninterrupted for more than three years, number- 
ing among its vietims Ridley, Latimer, and Cranmer. 
It seems to have been most severe in the eastern and 
southern parts of England, and the largest number of 
sufferers was naturally in the diocese of Bonner, bishop 
of London. [rom first to last nearly three hundred 
Victims are computed to have perished at the stake; 
and their fate certainly created a revulsion against 
Rome that nothing else was likely to have effected. 
How far Mary herself—who during the most part of 
this time, if not the whole time, was living in the 
strictest seclusion, sick in body and mind, hysterical 
and helpless —was personally answerable for these 
things, it is difficult to say. To her, no doubt, the 
propagators of heresy were the enemies of mankind, 
and she had little cause to love them from her own 
experience. Yet perhaps she hardly realized the full 
horror of what was done under her sanction. But 
there can be little doubt what effect it had upon the 
peek: and when Mary breathed her last, on the 17th 

ovember, 1558, the event was hailed with joy as a 
national deliverance. (J. GA.) 

MARY II. (1662-1694), queen of England, was the 
eldest daughter of James, duke of York (afterwards 
James ILI. of England), by his first wife Anne Hyde, 
and was born in London on April 30, 1662. Having 
been educated in the Protestant faith she was married 
to William, prince of Orange, on November 4, 1677. 
After the events of 1688, she followed her husband to 
England, and was proclaimed by the convention joint 
sovereign with him on Tebruary 13, 1689. She died 
of small-pox on December 28, 1694 (0.s.). See Bur- 
net's Wssay upon the Life of Queen Mary, and the 
article WinuiAM ITI. 

MARY (1542-1587), queen of Scots, daughter of 
King James V. and his wife Mary of Lorraine, was 
born in December, 1542, a few days before the death 
of her father, heart-broken by the disgrace of his arms 
at Solway Moss, where the disaffected nobles had de- 
clined to encounter an enemy of inferior force in the 
cause of a king whose systematic policy had been di- 
rected against the privileges of their order, and whose 
representative on the occasion was an unpopular favor- 
ite appointed general in defiance of their ill-will. On 
the 9th of September following the ceremony of corona- 
tion was duly performed upon the infant. A scheme for 
her betrothal to Hdward, prince of Wales, was defeated 
by the grasping greed of his father, whose obvious 
ambition to annex the crown of Scotland at once to 
that of England aroused instantly the general suspicion 
and indignation of Scottish patriotism. In 1548 the 

ueen of six years old was betrothed to the dauphin 

‘rancis, and set sail for France, where she arrived on 
the 15th of August. The society in which the child 
was thenceforward reared is known to readers of Bran- 
tome as well as that of imperial Rome at its worst is 
known to readers of Suetonius or Petronius,—as well 
as that of papal Rome at its worst is known to readers 
of the diary kept by the domestic chaplain of Pope 
Alexander VI. Only in their pages can a parallel 
be found. to the gay and easy record which reveals 
without sign of shame or suspicion of offence the 
daily life of a court compared to which the court 
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of King Charles II. is as the court of Queen Victoria 
to the society described by Grammont. Debauchery 
of all kinds, and murder in all forms, were the daily 
matter of excitement or of jest to the brilliant circle 
which revolved around Queen Catherine de’ Medici. 
After ten years’ training under the tutelage of the 
woman whose main instrument of policy was the 
corruption of her own children, the Queen of Scots, 
aged fifteen years and five months, was married to the 
eldest and feeblest of the brood on April 24, 1558. On 
the 17th of November Klizabeth became queen of 
England, and the princes of Lorraine—Francis the 
great duke of Guise, and his brother the cardinal—in- 
duced their niece and her husband to assume, in addi- 
tion to the arms of France and Scotland, the arms of 
a country over which they asserted the right of Mary 
Stuart to reign as legitimate heiress of Mary Tudor. 
Civil strife broke out in Scotland between John Knox 
and the queen-dowager,—between the self-styled ‘‘ con- 
gregation of the Lord”’ and the adherents of the re- 
gent, whose French troops repelled the combined 
forees of the Scotch and their Hnglish allies from the 
beleagured walls of Leith, little more than a month 
before the death of their mistress in the castle of Kdin- 
burgh, on the 10th of June, 1560. On the 25th of 
August Protestantism was proclaimed and Catholicism 
suppressed in Scotland by a convention of states as- 
sembled without the assent of the absent queen. On 
the 5th of December Francis II. died; in August, 
1561, his widow left France for Scotland, having been 
refused a safe-conduct by Elizabeth on the ground of 
her own previous refusal to ratify the treaty made with 
Kngland by her commissioners in the same month of 
the preceding year. She arrived nevertheless in safety 
at Leith, escorted by three of her uncles of the house 
of Lorraine, and bringing in her train her future biog- 
rapher, Brant6me, and Chastelard, the first of all her 
vali victims. On the 2Ist of August she first 
met the only man able to withstand her; and their 
first passage of arms left, as he has recorded, upon the 
mind of John Knox an ineffaceable impression of her 
‘* proud mind, crafty wit, and indurate heart against 
God and His truth.’’ And yet her acts of concession 
and conciliation were such as no fanatie on the oppo- 
site side could have approved. She assented, not only 
to the undisturbed maintenance of the new creed, but 
even to a scheme for the endowment of the Protestant 
ministry out of the confiscated lands of the Church. 
Her half-brother, Lord James Stuart, shared the 
duties of her chief counsellor with William Maitland of 
Lethington, the keenest and most liberal thinker inthe 
country. By the influence of Lord James, in spite of 
the earnest opposition of Knox, permission was ob- 
tained for her to hear mass celebrated in her private 
chapel,—a license to which, said the Reformer, he 
would have preferred the invasion of ten thousand 
Frenchmen. Through all the first troubles of her 
reign the young queen steered her skilful and daunt- 
less way with the tact of a woman and the courage 
of a man. An insurrection in the north, headed by 
the earl of Huntly under pretext of rescuing from jus- 
tice the life which his son had forfeited by his share in 
a homicidal brawl, was crushed at a blow by the Lord 
James against whose life, as well as against his sister’s 
liberty, the conspiracy of the Gordons had been aimed, 
and on whom, after the father had fallen in fight and 
the son had expiated his double offence on the scaffold, 
the leading rebel’s earldom of Murray was conferred 
by the gratitude of the queen. Exactly four months 
after the battle of Corrichie, and the subsequent exe- 
cution of a criminal whom she is said to have “‘loved 
entirely,’ had put an end to the first insurrection 
raised against her, Pierre de Boscosel de Chastelard, 
who had returned to France with the other companions 
of her arrival, and in November, 1562, had revisited 
Scotland, expiated with his head the offence or the 
misfortune of a second detection at night in her bed- 
chamber. In the same month, twenty-five years after- 


602 


wards, the execution of his mistress, according to the 
verdict of her contemporaries in France, avenged the 
blood of a lover who had died without uttering a word 
to realize the apprehension which (according to Knox) 
had before his trial impelled her to desire her brother 
‘*that, as he loved her, he would slay Chastelard, and 
let him never speak word.’’ And in the same month, 
two years from the date of Chastelard’s execution, her 
first step was unconsciously taken on the road to 
Fotheringay, when she gave her heart at first sight to 
her kinsman Henry, Lord Darnley, son of Matthew 
Stuart, earl of Lennox, who had suffered an exile of 
twenty years in expiation of his intrigues with England, 
and had married the niece of King Henry VIIL, 
daughter of his sister Margaret, the widow of James 

V., by her second husband, the earl of Angus. 
Queen Hlizabeth, with the almost incredible want of 
tact or instinctive delicacy which distinguished and dis- 
figured her vigorous intelligence, had recently pro- 

osed as a suitor to the queen of Scots her own low- 

orn favorite, Lord Robert Dudley, the widower if not 
the murderer of Amy Robsart ; and she now protested 
against the project of marriage between Mary and 
Darnley. Mary, who had already married her kins- 
man in secret at Stirling Castle with Catholic rites 
celebrated in the apartment of David Rizzio, her 
secretary for correspondence with France, assured the 
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Knuglish ambassador, in reply to the protest of his | 
mistress, that the marriage would not take place for, 


three months, when a dispensation from the pope 
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would allow the cousins to be publicly united without | 


offence to the church. On the 29th of July, 1565, they 
were accordingly remarried at Holyrood. 
and worthless bridegroom had already incurred the 


The hapless | 


hatred of two powerful enemies, the earls of Morton | 


and Gleneairn ; but the former of these took part with 
the queen against the forces raised by Murray, Glen- 
cairn, and others, under the nominal leadership of 
Hamilton, duke of Chatelherault, on the double plea 
of danger to the new religion of the country, and of 
the illegal proceeding by which Darnley had been 
proclaimed king of Seots without the needful con- 
stitutional assent of the estates of the realm. Murray 
was cited to attend the ‘‘raid’’ or array levied by 
the king and queen, and was duly denounced by 
public blast of trumpet for his non-appearance. He 
entered Kdinburgh with his forces, but failed to hold 
the town against the guns of the castle, and fell 
back upon Dumfries before the advance of the royal 
army, which was now joined by James Hepburn, earl 
of Bothwell, on his return from a three years’ out- 
lawed exile in France. He had been accused in 1562 
of a plot to seize the queen and put her into the 
keeping of the earl of Arran, whose pretensions to 
her hand ended only when his insanity could no longer 
be concealed. Another new adherent was the son of 


the late earl of Huntly, to whom the forfeited honors | 


of his house were restored a few months before the 
marriage of his sister to Bothwell. The queen now 
appealed to France for aid; but Castelnau, the French 
ambassador, replied to her passionate pleading by 
sober and earnest advice to make peace with the 
malcontents. ‘This counsel was rejected, and in Octo- 
ber, 1565, the queen marched an army of 18,000 men 
against them from Kdinburgh; their forces dispersed 
in face of superior numbers, and Murray, on secking 
shelter in England, was received with contumely by 
Elizabeth, whose half-hearted help had failed to 
support his enterprise, and whose intercession for 
his retwmn found at first no favor with the queen 
of Scots. But the conduct of the besotted boy on 
whom at their marriage she had bestowed the 
title of king began at once to justify the enter- 
prise and to play into the hands of all his enemies 
alike. His father set him on to demand the crown 
matrimonial, which would at least have assured to him 
the rank and station of independent royalty for life. 
Rizzio, hitherto his friend and advocate, induced the 
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queen to reply by a reasonable refusal to this hazard- 
ous and audacious request. Darnley at once threw 
himself into the arms of the party opposed to the 
policy of the queen and her secretary,—a policy which 
at that moment was doubly and trebly calculated to 
exasperate the fears of the religious and the pride of 
the patriotic. Mary was invited if not induced by the 
king of Spain to join his league for the suppression 
of Protestantism; while the actual or prospective en- 
dowment of Rizzio with Morton’s office of chancellor, 
and the projected attainder of Murray and his allies, 
combined to inflame at once the anger and_ the appre- 
hension of the Protestant nobles. | According to one 
account, Darnley privately assured his uncle George 
Douglas, of his wife’s infidelity; he had himself, if 
he might be believed, discovered the secretary in the 
queen's apartment at midnight, under circumstances 
yet more unequivocally compromising than those 
which had brought Chastelard to the scaffold. 
Another version of the pitiful history represents Doug- 
las as infusing suspicion of Rizzio into the empty mind 
of his nephew, and thus winning his consent to a deed 
already designed by others. A bond was drawn in 
which Darnley pledged himself to support the confed- 
erates who undertook to punish ‘‘ certain pitvy per- 
sons’’ offensive to the state, ‘‘ especially a stranger 
Italian called Davie’’; another was subseribed by 
Darnley and the banished lords, then biding their time 
in Neweastle, which engaged him to procure their par- 
don and restoration, while pledging them to insure to 
him the enjoyment of the title he coveted, with the 
consequent security of an undisputed succession to the 
crown, despite the counterclaims of the house of Ham- 
ilton, in case his wife should die without issue,—a re- 
sult which, intentionally or not, he and his fellow con- 
spirators did all that brutality could have suggested to 
accelerate and secure. On the 9th of March the palace 
of Holyrood was invested by a troop under the command 
of Morton, while Rizzio was dragged by force out of 
the queen’s presence and slain without trial in the heat 
of the moment. The parliament was discharged by 
proclamation issued in the name of Darnley as king; - 
and in the evening of the next day the banished lords, 
whom it was to have condemned to outlawry, returned 
to Edinburgh. On the day following they were gra- 
ciously received by the queen, who undertook to sign 
a bond for their security, but delayed the subscription 
During the 
night she escaped with Darnley, whom she had already 
seduced from the party of his accomplices, and arrived 
at Dunbar on the third morning after the slaughter of 
her favorite. From thence they returned to Kdin- 
burgh on the 28th of March, guarded by two thousand 
horsemen under the command of Bothwell, who had 
escaped from Holyrood on the night of the murder, to 
raise a force on the queen’s behalf with his usual sol- 
dierly promptitude. The slayers of Rizzio fled to 
England, and were outlawed; Darnley was permitted 
to protest his innocence and denounce his accomplices ; 
after which he became the scorn of all parties alike, 
and few men dared or cared to be seen in his company. 
On the 19th of June a son was born to his wife, and 
in the face of his previous protestations he was induced 
to acknowledge himself the father. But, as Murray 
and his partisans returned to favor and influence no 
longer incompatible with that of Bothwell and Huntly, 
he grew desperate enough with terror to dream of es- 
cape to France. This design was at once frustrated by 
the queen’s resolution. She summoned him to declare 
his reasons for it in presence of the French ambassador 
and an assembly of the nobles; she besought him for 
God’s sake to speak out, and not to spare her; and at 
last he left her presence with an ayowal that he had 
nothing to allege. Ke favor shown to Bothwell had 
not yet given. occasion for scandal, though his charac- 
ter as an adventurous libertine was as notable as his 
reputation for military hardihood; but as the summer 
advanced his insolence increased with his influence at 
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court and the general aversion of his rivals. He was 
richly endowed by Mary from the greater and lesser 
spoils of the church; and the three wardenships of the 
border, united for the first time in his person, gave the 
lord high admiral of Scotland a position of unequalled 
power. In the gallant discharge of its duties he was 
dangerously wounded by a leading outlaw, whom he 


slew in single combat; and while yet confined to! 


Hermitage Castle he received a visit of two hours from 
the queen, who rode thither from Jedburgh and back 
through twenty miles of the wild borderland, where her 
person was in perpetual danger from the freebooters 
whom her father’s policy had striven and had failed 
to extirpate. The result of this daring ride was a ten 
days’ fever, after which she removed by short stages 
to Craigmillar, where a proposal for her divoree from 
Darnley was laid before her by Bothwell, Murray, 
Huntly, Argyle, and Lethington, who was chosen 
spokesman for the rest. She assented on condition 
that the diyorce could be lawfully effected without im- 
peachment of her son's legitimacy; whereupon Leth- 
ington undertook in the name of all present that she 
should be rid of her husband without any prejudice to 
the child,—at whose baptism a few days afterwards 
Bothwell took the place of the putative father, though 
Darnley was actually residing under the same roof, 
and it was not till after the ceremony that he was sud- 
deuly struck down by a sickness so violent as to excite 
suspicions of poison. He was removed to Glasgow, 
and left for the time in charge of his father; but on 
the news of his progress towards recovery a bond was 
drawn up for execution of the sentence of death which 
had seeretly been pronounced against the twice-turned 
traitor who had earned his doom at all hands alike. 
On the 22d of the next month (January, 1567) the 
queen visited her husband at Glasgow and proposed to 
remove him to Craigmillar Castle, where he would 
have the benefit of medicinal baths; but instead of 
this resort he was conveyed on the last day of the 
month to the lonely and squalid shelter of the residence 
which was soon to be dod memorable by his murder. 
Between the ruins of two sacred buildings, with the 
town-wall to the south and a suburban hamlet known 
to ill fame as the Thieves’ Row to the north of it, a 
lodging was prepared for the titular king of Scotland, 
and fitted up with tapestries taken from the Gordons 
after the battle of Corrichie. On the evening of 
Sunday, February 9, Mary took her last leave of the 
miserable boy who had so often and so mortally out- 
raged her as consort and as queen. ‘That night the 
whole city was shaken out of sleep by an explosion of 

unpowder which shattered to fragments the building 
in which he should have slept and perished ; and next 
morning the bodies of Darnley and a page were found 
strangled in a garden adjoining it, whither they had 
apparently escaped over a wall, to be dispatched by 
the hands of Bothwell’s attendant confederates. 

Upon the view which may be taken of Mary’s con- 
duct during the next three months depends the whole 
debatable question of her character. According to the 
professed champions of that character, this conduct was 
a tissue of such dastardly imbecility, such heartless ir- 
resolution and such brainless inconsistency as for ever 
to dispose of her time-honored claim to the credit of 
intelligence and courage. It is certain that just three 
months and six days after the murder of her hus- 
band she became the wife of her husband’s murderer, 
On the 11th of February she wrote to the bishop of 
Glasgow, her ambassador in France, a brief’ letter of 
simple eloquence, announcing her providential escape 
from a design upon her own as well as her husband’s 
life. A reward of two thousand pounds was offered by 
proclamation for discovery of the murderer. Both- 
well and others, his satellites or the queen’s, were 
instantly placarded by name as the criminals. Voices 
were heard by night in the streets of Edinburgh call- 
ing down judgment on the assassins. Four days after 
the discovery of the bodies, Darnley was buried in the 
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chapel of Holyrood with secrecy as remarkable as the 
solemnity with which Rizzio had been interred there 
less than a year before. On the Sunday following, 
Mary left Edinburgh for Seton Palace, twelve miles 
from the capital, where scandal asserted that she passed 
the time merrily in shooting-matches with Bothwell 
for her partner against Lords Seton and Huntly ; other 
accounts represent Huntly and Bothwell as left at 
Holyrood in charge of the infant prince. Gracefully 
and respectfully, with statesmanlike yet feminine dex- 
terity, the demands of Darnley’s father for justice on 
the murderers of his son were accepted and eluded by 
his daughter-in-law. Bothwell, with a troop of fifty 
men, rode through Kdinburgh defiantly denouncing 
vengeance on his concealed accusers. As weeks 
elapsed without action on the part of the royal widow, 
while the cry of blood was up throughout the country, 
raising echoes from Hngland and abroad, the murmur 
of accusation began to rise against her also. Murray, 
with his sister’s ready permission, withdrew to France. 
Already the report was abroad that the queen was bent 
on marriage with Bothwell, whose last year’s marriage 
with the sister of Huntly would be dissolved, and the 
assent of his wife’s brother purchased by the restitu- 
tion of his forfeited estates. According to the Mem- 
oirs of Sir James Melville, both Lord Herries and 
himself resolved to appeal to the queen in terms of 
bold and earnest remonstrance against so desperate 
and scandalous a design; Herries, haying been met 
with assurances of its unreality and professions of as- 
tonishment at the suggestion, instantly fled from 
court; Melville, evading the danger of a merely per- 
sonal protest without backers to support him, laid 
before Mary a letter from a loyal Scot long resident in 
Kngland, which urged upon her consideration and her 
conscience the danger and disgrace of such a project 
yet more freely than Herries had ventured to do by 
word of mouth ; but the sole result was that it needed 
all the queen’s courage and resolution to rescue him 
from the violence of the man for whom, she was 
reported to have said, she cared notif she lost France, 
England, and her own country, and would go with 
him to the world’s end in a white petticoat before she 
would leave him. On the 28th of March the privy 
council, in which Bothwell himself sat, appointed the 
12th of April as the day of his trial, Lennox, instead 
of the crown, being named as the accuser, and cited by 
royal letters to appear at ‘‘ the humble request and 
petition of the said Marl Bothwell,”’ who, on the day 
of the trial, had four thousand armed men behind him 
in the streets, while the castle was also at his com- 
mand. Under these arrangements it was not thought 
wonderful that Lennox discreetly declined the danger 
of attendance, even with three thousand men ready to 
follow him, at the risk of desperate street fighting. 
He pleaded sickness, asked for more time, and de- 
manded that the accused, instead of enjoying special 
favor, should share the treatment of other suspected 
criminals. But, as no particle of evidence on his side 
was adyanced, the protest of his representative was 
rejected, and Bothwell, acquitted in default of wit- 
nesses against him, was free to challenge any persist- 
ent accuser to the ancient ordeal of battle. His wealth 
and power were enlarged by gift of the parliament 
which met on the 14th and rose on the 19th of April, 
—a date made notable by the subsequent supper at 
Ainslie’s tavern, where Bothwell obtained the signa- 
tures of its leading members to a document affirming 
his innocence, and pledging the subscribers to main- 
tain it against all challengers, to stand by him in all 
his quarrels, and finally to promote by all means in 
their power the marriage by which they recommended 
the queen to reward his services and benefit the coun- 
try. On the second day following, Mary went to visit 
her child at Stirling, where his guardian, the earl of 
Mar, refused to admit more than two women in her 
train. It was well known in Edinburgh that Bothwell 
had a body of men ready to intercept her on the way 
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back, and carry her to Dunbar,—-not, as was naturally 
inferred, without good assurance of her consent. On 
the 24th of April, as she approached Edinburgh, 
Bothwell accordingly met her at the head of eight 
hundred spearmen, assured her (as she afterwards 
averred) that she was in the utmost peril, and escorted 
her, together with Huntly, Lethington, and Melville, 
who were then in attendance, to Dunbar Castle. On 
the 3d of May Lady Jane Gordon, who had become 
countess of Bothwell on February 22d of the year pre- 
ceding, obtained, on the ground of her husband’s infi- 
delities, a separation which, however, would not under 
the old laws of Catholic Scotland have left him free to 
marry again; on the 7th, accordingly, the necessary 
divorce was pronounced, after two days’ session, by a 
clerical tribunal which ten days before had received 
from the queen a special commission to give judgment 
on a plea of somewhat apocryphal consanguinity 
alleged by Bothwell as the ground of action for divorce 
against his wife. ‘he fact was studiously evaded or 
concealed that a dispensation had been granted by the 
archbishop of St. Andrews for this irregularity, which 
could only have arisen through some illicit connection 
of the husband with a relative of the wife between 
whom and himself no affinity by blood or marriage 
could be proved. On the day when the first or Pro- 
testant divorce was pronounced, Mary and Bothwell 
returned to Kdinburgh with every prepared appearance 
of a peaceful triumph. Lest her captivity should 
have been held to invalidate the late legal proceedings 
in her name, proclamation was made of forgiveness 
accorded by the queen to her captor in consideration 
of his past and future services, and her intention was 
announced to reward them by further promotion ; and 
on the same day (May 12th) he was duly created duke 
of Orkney and Shetland. The duke, asa conscientious 
Protestant, refused to marry his mistress according to 
the rites of her church; and she, the chosen cham- 
pion of its cause, agreed to be married to him, not 
merely by a Protestant, but by one who before his con- 
version had been a Catholic bishop, and should there- 
fore have been more hateful and contemptible in her 
eyes than any ordinary heretic, had not religion as well 
as policy, faith as well as reason, been absorbed or 
superseded by some more mastering passion or emo- 
tion. This passion or emotion, according to those 
who deny her attachment to Bothwell, was simply 
terror,—the blind and irrational prostration of an ab- 
ject spirit before the cruel force of circumstances and 
the crafty wickedness of men. Hitherto, according to 
all evidence, she had shown herself on all occasions, as 
on all subsequent occasions she indisputably showed 
herself, the most fearless, the most keen-sighted, the 
most ready-witted, the most high-gifted and high- 
spirited of women; gallant and generous, skilful and 
practical, never to be cowed by fortune, never to be ca- 
joled by craft; neither more unselfish in her ends nor 
more unscrupulous in her practice than might have 
been expected from her training and her creed. But 
at the crowning moment of trial there are those who 
assert their belief that the woman who on her way to 
the field of Corrichie had uttered her wish to be aman, 
that she might know all the hardship and all the enjoy- 
ment of asoldier’s life, riding forth ‘‘ in jack and knap- 
scull’’—the woman who long afterwards was to hold 
her own for two days together without help of counsel 
against all the array of Knglish law and English states- 
manship, armed with irrefragable evidence and sup- 
ported by the resentment of a nation—showed her- 
self equally devoid of moral and of physical regolu- 
tion; too senseless to realize the significance and too 
heartless to face the danger of a situation from which 
the simplest exercise of reason, principle, or courage 
must have rescued the most unsuspicious and inexpe- 
rienced of honest women who was not helplessly defi- 
cient in self-reliance and self-respect. The famous 
correspondence produced next year in evidence against 
her at the conference of York may have been, as her 
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partisans affirm, so craftily garbled and falsified by inter- 
polation, suppression, perversion, or absolute forgery as 
to be all but historically worthless. Its acceptance or 
its rejection does not in any degree whatever affect, for 
better or for worse, the rational estimate of her char- 
acter. ‘The problem presented by the simple existence 
of the facts just sunimed up remains in either case 
absolutely the same. 

That the coarse and imperious nature of the hardy 
and able raffian who had now become openly her mas- 
ter should no less openly have shown itself even in the 
first moments of their inauspicious union is what any 
bystander of common insight must inevitably have 
foreseen. ‘Tears, dejection, and passionate expressions 
of a despair ‘‘ wishing only for death,”’ bore fitful and 
variable witness to her first sense of a heavier yoke 
than yet had galled her spirit and her pride. At other 
times her affectionate gayety would give evidence as 
trustworthy of a fearless and improvident satisfaction. 
They rode out in state together, and if he kept cap in 
hand asa subject she would snatch it from him and 
clap it on his head again; while in graver things she 
took all due or possible care to gratify his a bion, 
by the insertion of a clause in their contract of mar- 
riage which made their joint signature necessary to all 
documents of state issued under the sign-manual. She 
dispatched to France a special enyoy, the bishop of 
Dumblane, with instructions setting forth at length 
the unparalleled and hitherto ill-requited services and 
merits of Bothwell, and the necessity of compliance 
at once with his passion and with the unanimous coun- 
sel of the nation,—a people who would endure the rule 
of no foreign consort, and whom none of their own coun- 
trymen were so competent to control, alike by wisdom 
and by valor, as the incomparable subject of her choice. 
These personal merits and this political necessity were 
the only pleas advanced in a letter to her ambassador 
in England. But that neither plea would avail her 
for a moment in Scotland she had ominous evidence 
on the thirteenth day after her marriage, when no re- 
sponse was made to the usual form of proclamation for 
a raid or levy of forces under pretext of a campaign 
against the rievers of the border. On the 6th ‘or 7th 
of June Mary and Bothwell took refuge in Borthwick 
Castle, twelve miles from the capital, where the fort- 
ress was in the keeping of an adherent whom the 
diplomacy of Sir James Melville had succeeded in 
detaching from his allegiance to Bothwell. The fugi- 
tives were pursued and beleaguered by the earl of 
Morton and Lord Hume, who declared their purpose 
to rescue the queen from the thraldom of her husband. 
He escaped, leaving her free to follow him or to join 
the party of her professed deliverers. But whatever 
cause she might have found since marriage to complain 
of his rigorous custody and domineering brutality was 
insufficient to break the ties by which he held her. 
Alone, in the disguise of a page, she slipped out of 
the castle at midnight, and rode off to meet him at a 
tower two miles distant, whence they fled together to 
Dunbar. The confederate lords on entering Kdinburgh 
were welcomed by the citizens, and after three hours’ 
persuasion Lethington, who had now joined them, 
prevailed on the captain of the castle to deliver it also 
into their hands. Proclamations were issued in which 
the crime of Bothwell was denounced, and the disgrace 
of the country, the thraldom of the queen, and the mor- 
tal peril of her infant son were set forth as reasons for 
summoning all the lieges of the chief cities of Scotland 
to rise in arms on three hours’ notice and join the 
forees assembled against the one common enemy. 
News of his approach reached them on the night of 
June 14, and they marched before dawn with 2200 
men to meet him near Musselburgh. Mary mean- 
while had passed from Dunbar to Haddington, and 
thence to Seton, where 1600 men rallied to herside. On 
the 15th of June, one month from their marriage day, 
the queen and Bothwell, at the head of a force of fairly 
equal numbers but visibly inferior discipline, met the 
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army of the confederates at Carberry Hill, some six 
niles from Edinburgh. Du Croc, the French ambas- 
sador, obtained permission through the influence of 
Maitland to convey to the queen the terms proposed 
by their leaders,—that she and Bothwell should part, 
or that he should meet in single combat a champion 
chosen from among their number. Bothwell offered 
to meet any man of sufficient quality ; Mary would 
not assent. As the afternoon wore on their force began 
to melt away by desertion and to break up for lack of 
discipline. Again the trial by single combat was pro- 
posed, and thrice the proposal fell through, owing to 
objections on this side or on that. At last it was agreed 
that the queen should yield herself prisoner, and Both- 
well be allowed to retire in safety.to Dunbar with the 
few followers who remained to him. Mary took leave 
of her first and last master with passionate anguish 
and many parting kisses; but in face of his ene- 
mies, and in hearing of the cries which burst from the 
ranks, demanding her death by fire as a murderess and 
harlot, the whole heroie and passionate spirit of the 
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woman represented by her admirers as a spiritless im- | 
becile flamed out in responsive threats to have all the | 
men hanged and crucified, in whose power she now | 
stood helpless and alone. She grasped the hand of 

Lord Lindsay as he rode beside her, and swore ‘‘ by 

this hand”’ she would ‘‘ have his head for this.’’ In 

Edinburgh she was received by a yelling mob, which 

flaunted before her at each turn a banner representing 

the corpse of Darnley with her child beside it invoking 

on his knees the retribution of Divine justice. From | 
the violence of a multitude in which women of the 
worst class were more furious than the men she was 
sheltered in the house of the provost, where she re- 
peatedly showed herself at the window, appealing 
aloud with dishevelled hair and dress to the merey 
which no man could look upon her and refuse. At nine 
in the evening she was removed to Holyrood, and thence 
to the port of Leith, where she embarked under guard, 
with her attendants, for the island castle of Lochleven. 
On the 20th a silver casket containing letters and 
French verses, miscalled sonnets, in the handwriting 
of the queen, was taken from the person of a servant 
who had been sent by Bothwell to bring it from Kdin- 
burgh to Dunbar. Even in the existing versions of the 
letters, translated from the lost originals and retrans- 
lated from this translation of a text. which was prob- 
ably destroyed in 1603 by order of King James on his 
accession to the English throne,—even in these possibly 
disfigured versions, the fiery pathos of passion, the 
fierce and piteous fluctuations of spirit between love 
and hate, hope and rage and jealousy, have an elo- 
quence apparently beyond the imitation or invention of 
art. Three days after this discovery Lord Lindsay, Lord 
Ruthven, and Sir Robert Melville were despatched to 
Lochleven, there to obtain the queen’s signature to an 
act of abdication in favor of her son, and another ap- 
pointing Murray regent during his minority. She 
submitted, and a commission of regency was estab- 
lished till the return from France of Murray, who, on 
the 15th of August, arrived at Lochleven with Morton 
and Athole. According to his own account, the expos- 
tulations as to her past conduct which preceded his 
admonitions for the future were received with tears, 
confessions, and attempts at extenuation or excuse ; 
‘but when they parted next day on good terms she had 
regained her usual spirits. Nor from that day forward 
had they reason to sink again, in spite of the close 
keeping in which she was held, with the daughters of 
the house for bedfellows. Their mother and the 
regent’s, her father’s former mistress, was herself’ not 
impervious to her prisoner’s lifelong power of seduc- 
tion and subjugation. Her ‘son George Douglas fell 
inevitably under the charm. <A rumor transmitted to 
England went so far as to assert that she had proposed 
him to their common half-brother Murray as a fourth 
husband for herself; a later tradition represented her 
as the mother of a child by him. A third report, at 
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least as improbable as either, asserted that a daughter 
of Mary and Bothwell, born about this time, lived to 
be a nun in France. It is certain that the necessary 
remoyal of George Douglas from Lochleven enabled 
him to devise a method of escape for the prisoner on 
March 25, 1568, which was frustrated by detection of 
her white hands under the disguise of a laundress. 
But a younger member of the household, Willie 
Douglas, aged eighteen, whose devotion was afterwards 
remembered and his safety cared for by Mary at a 
time of utmost risk and perplexity to herself, suc- 
ceeded on May 2d in assisting her to escape by a 
postern gate to the lake-side, and thence in a boat to 
the mainland, where George Douglas, Lord Seton, and 
others were awaiting her. ‘Thence they rode to Seton’s 
castle of Niddry, and next day to Hamilton Palace, 
round which an army of 6000 men was soon assembled, 
and whither the new French ambassador to Scotland 
hastened to pay his duty. The queen’s abdication w 

revoked, messengers were dispatched to the English 
and French courts, and word was sent to Murray at 
Glasgow that he must resign the regency, and should 
be pardoned in common with all offenders against the 
queen. But on the day when Mary arrived at Ham- 
ilton Murray had summoned to Glasgow the feudatories 
of the crown, to take arms against the insurgent ene- 
mies of the infant king. LKlizabeth sent conditional 
offers of help to her kinswoman, provided she would 
accept of Hnglish intervention ry abstain from seek- 
ing foreign assistance; but the messenger came too 
late. Mary’s followers had failed to retake Dunbar 
Castle from the regent, and made for Dumbarton 
instead, marching two miles south of Glasgow, by the 
village of Langside. Here Murray, with 4500 men, 
under leaders of high distinction, met the 6000 of the 
queen's army, whose ablest man, Herries, was as much 
pion tye by Mary as by every one else, while the 
Hamiltons could only be trusted to think of their own 
interests, and were suspected of treasonable designs on 
all who stood between their house and the monarchy. 
On the 13th of May the battle or skirmish of Langside 
determined the result of the campaign in three quar- 
ters of an hour. MKirkaldy of Grange, who commanded 
the regent’s cavalry, seized and kept the place of van- 
tage from the beginning, and at the first sign of waver- 
ing on the other side shattered at a single charge the 
forces of the queen, with the loss of one man to three 
hundred. Mary fled sixty miles from the field of her last 
battle before she halted at Sanquhar, and for three 
days of flight, according to her own account, had 
to sleep on the hard ground, live on oatmeal and sour 
milk, and fare at night like the owls, in hunger, cold, 
and fear. On the third day from the rout of Langside 
she crossed the Solway, and landed at Workington in 
Cumberland, May 16, 1568. On the 20th Lord Scrope 
and Sir Francis Knollys were sent from court to carry 
messages and letters of comfort from Hlizabeth to 
Mary at Carlisle. On June 11th Knollys wrote to 
Cecil at once the best description and the noblest 
panegyric extant of the queen of Scots,—enlarging, 
with a brave man’s sympathy, on her indifference to 
form and ceremony, her daring grace and openness of 
manner, her frank display of a great desire to be 
avenged of her enemies, her readiness to expose her- 
self to all perils in hope of victory, her delight to hear 
of bhardihood and courage, commending by name all 
her enemies of approved valor, sparing no cowardice 
in her friends, but above all things athirst for victory 
by any means at any price, so that for its sake pain and 
peril seemed pleasant to her, and wealth and all things, 
if compared with it, contemptible and vile, What was 
to be done with such a princess, whether she were to 
be nourished in one’s bosom, above all whether it 
could be advisable or safe to try any diplomatic tricks 
upon such a lady, Knollys left for the minister to 
judge. It is remarkable that he should not have dis- 
covered in her the qualities so obvious to modern 
champions of her character,—easiness, gullibility, in- 
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curable innocence and invincible ignorance of evil, 
incapacity to suspect or resent anything, readiness to 
believe and forgive all things. On the 15th of July, 
after various delays interposed by her reluctance to 
leave the neighborhood of the border, where on her 
arrival she had received the welcome and the homage 
of the leading Catholic houses of Northumberland and 
Cumberland, she was removed to Bolton Castle in 
North Yorkshire. During her residence here a con- 
ference was held at York between her own and Kliza- 
beth’s commissioners and those appointed to represent 
her son as king of Scots. These latter, of whom 
Murray himself was the chief, privately laid before the 
English commissioners the contents of the famous 
casket. On the 24th of October the place of the con- 
ference was shifted from York to London, where the 
inquiry was to be lreld before Queen Elizabeth in 
council. Mary was already aware that the chief of 
the Inglish commissioners, the duke of Norfolk, was 
secretly an aspirant to the peril of her hand; and on 
October 21st she gave the first sign of assent to the 
suggestion of a divorce from Bothwell. On the 26th 
of October the charge of complicity in the murder of 
Darnley was distinetly brought forward against her in 
spite of Norfolk’s reluctance and Murray’s previous 
hesitation. Elizabeth, by the mouth of her chief 
justice, formally rebuked the audacity of the subjects 
who durst bring such a charge against their sovereign, 
and challenged them to advance their proofs. They 
complied by the production of an indictment under five 
heads, supported by the necessary evidence of docu- 
ments. ‘lhe number of English commissioners was 
increased, and they were bound to preserve secrecy as 
to the matters revealed. Further evidence was sup- 
lied by Thomas Crawford, a retainer of the house of 
Deine. tallying so exactly with the text of the casket 
letters as to have been cited in proof that the latter 
must needs be a forgery. Elizabeth, on the close of the 
evidence, invited Mary to reply to the proofs alleged 
before she could be admitted to her presence; but Mary 
simply desired her commissioners to withdraw from the 
conference. She declined with scorn the proposal 
made by Elizabeth through Knollys, that she should 
sign a second abdication in favor of her son. On 
January 10, 1569, the judgment given at the con- 
ference acquitted Murray and his adherents of rebel- 
lion, while affirming that nothing had been proved 
against Mary,—a verdict accepted by Murray as equiy- 
alent to a practical recognition of his office as regent 
fur the infant king. This position he was not long 
to hold; and the fierce exultation of Mary at the 
news of his murder gave to those who believed in her 
complicity with the murderer, on whom a pension was 
bestowed by her unblushing gratitude, fresh reason to 
fear, if her liberty of correspondence and intrigue were 
not restrained, the likelihood of a similar fate for Eliz- 
abeth. On January 26, 1569, she had been removed 
from Bolton Castle to Tutbury in Staffordshire, where 
wroposals were conveyed to her, at the instigation of 
Tisitentan: for a marriage with the duke of Norfolk, to 
which she gave a graciously conditional assent; but the 
discovery of these proposals consigned Norfolk to the 
ower, and on the outbreak of an insurrection in the 
north Mary, by Lord Hunsdon’s advice, was again 
removed to Coventry, when a body of her intending 
deliverers was within a dav’s ride of Tutbury. On the 
23d of January following Murray was assassinated; and 
a second northern insurrection was crushed in a single 
sharp fight by Lord Hunsdon. In October Cecil had 
an interview with Mary at Chatsworth, when the con- 
ditions of her possible restoration to the throne in com- 
pliance with French demands were debated at length. 
‘The queen of Scots, with dauntless dignity, refused to 
yield the castles of Hdinburgh and Dumbarton into 
English keeping, or to deliver up her fugitive English 
partisans then in Scotland; upon other points they 
came to terms, and the articles were signed October 16. 
On the same day Mary wrote to Elizabeth, requesting 
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with graceful earnestness the favor of an interview 
which might reassure her against the suggestion that 
this treaty was a mere pretence. On November 28 she 
was removed to Sheffield Castle, where she remained 
for the next fourteen years in charge of the earl of 
Shrewsbury. The detection of a plot, in which Norfolk 
was implicated, for the invasion of England by Spain 
on behalf of Mary, who was then to take him as the 
fourth and most contemptible of her husbands, made 
necessary the reduction of her household and the 
stricter confinement of her person. On May 28, 1572, 
a demand from both houses of parliament for her exe- 
cution as well as Norfolk’s was generously rejected by 
Elizabeth; but after the punishment of the traitorous 
pretender to her hand, on whom she had lavished many 
eloquent letters of affectionate protestation, she fell into 
‘‘a passion of sickness’’ which convinced her honest 
keeper of her genuine grief for the ducal caitiff. A 
treaty projected on the news of the massacre of St. Bar- 
tholomew, by which Mary should be sent back to Scot- 
land for immediate execution, was broken off by the 
death of the earl of Mar, who had sueceeded Lennox 
as regent; nor was it found possible to come to accept- 
able terms on a like understanding with his successor 
Morton, who in 1577 sent a proposal to Mary for her res- 
toration, which she declined, in suspicion of a plot laid 
to entrap her by the policy of Sir Francis Walsingham, 
the most unscrupulously patriotic of her English ene- 
mies, who four years afterwards sent word to Scotland 
that the execution of Morton, so long the ally of Eng- 
land, would be answered by the execution of Mary. But 
on that occasion Elizabeth again refused her assent either 
to the trial of Mary or to her transference from Shef- 
field to the Tower. In 1581 Mary accepted the advice 
of Catherine de’ Medici and Henry IIT. that she should 
allow her son's title to reign as king of Scotland con- 
jointly with herself when released and restored to a 
share of the throne. This plan was but part of a scheme 
including the invasion of Hngland by her kinsman the 
duke of Guise, who was to land in the north and raise a 
Scottish army to place the released prisoner of Sheffield 
beside her son on the throne of Elizabeth. After the. 
overthrow of the Scottish accomplices in this notable 
project, Mary poured forth upon Klizabeth a torrent of 
yathetic and eloquent reproach for the many wrongs she 
had suffered at the hands of her hostess, and pledged 
her honor to the assurance that she now aspired to no 
kingdom but that of heaven. In the spring of 1583 she 
retained enough of this saintly resignation to ask for 
nothing but liberty, without a share in the government 
of Scotland; but Lord Burghley not unreasonably pre- 
ferred, if feasible, to reconcile the alliance of her son 
with the detention of his mother. In 1584 the long-suf- 
fering earl of Shrewsbury‘was relieved of his fourteen 
years’ charge through the involuntary good offices of 
his wife, whose daughter by her first husband had mar- 
ried a brother of Darnley; and their orphan child Ara- 
bella, born in Kngland, of royal descent on the father’s 
side, was now, in the hopeful view of her grandmother, 
amore plausible claimant than the king or queen of 
Scots to the inheritance of the English throne. In De- 
cember, 1583, Mary had laid before the French ambas- 
sador her first complaint of the slanders spread by Lady 
Shrewsbury and her sons, who were ultimately com- 
pelled to confess the falsehood of their imputations on 
the queen of Scots and her keeper. It was probably at 
the time when a desire for revenge on her ealumniatress 
made her think the opportunity good and safe for dis- 
charge of such a two-edged dart at the countess and the 
queen that Mary wrote, but abstained from despatching, 
the famous and terrible letter in which, with many 
gracious excuses and professions of regret and attach- 
ment, she transmits to Klizabeth a full and vivid report 
of the hideous gossip retailed by Bess of Hardwick 
regarding her character and person at a time when the 
reporter of these abominations was on friendly terms 
with her husband’s royal charge. In the autumn of 
1584 she was removed to Wingfield Manor under charge 
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of Sir Ralph Sadler and John Somers, who accompanied | 


her also on her next removal to Tutbury in January | 
1585. A letter received by her in that cold, dark, and | 
unhealthy castle, of which fifteen years before she had | 
made painful and malodorous experience, assured her 
that her son would acknowledge her only as queen- 
mother, and provoked at once the threat of a parent’s 
curse and an application to Klizabeth for sympathy. 
In April, 1585, Sir Amyas Paulet was appointed to the , 
office of which Sadler, accused of careless indulgence, | 
had requested to be relieved; and on Christmas Eve 
she was removed from the hateful shelter of Tutbury 
to the castle of Chartley in the same county. Her 
correspondence in cipher from thence with her English 
agents abroad, intercepted by Walsingham and deci- 
phered by his secretary, gave eager encouragement to 
the design for a Spanish invasion of England under the 
rince of Parma,—an enterprise in which she would do 
ler utmost to make her son take part, and in case of 
his refusal would induce the Catholic nobles of Scotland 
to betray him into the hands of Philip, from whose tu- 
telage he should be released only on her demand, or if 
after her death he should wish to return, nor then 
unless he had become a Catholic. But even these pa- 
triotie and maternal schemes to consign her child and 
reconsign the kingdom to the keeping of the Inquisi- 
tion, incarnate in the widower of Mary Tudor, were 
superseded by the attraction of a conspiracy against the 
throne and life of Klizabeth. Anthony Babington, in 
his boyhood a ward of Shrewsbury, resident in the 
household at Sheffield Castle, and thus subjected to the 
charm before which so many victims had already fallen, 
was now induced to undertake the deliverance of the | 
queen of Scots by the murder of the queen of Kng- 
Jand. It is maintained by those admirers of Mary 
who assume her to have been an almost absolute 
imbecile, gifted with the power of imposing herself 
on the world as a woman of unsurpassed ability, 
that, while cognizant of the plot for her deliverance by 
English rebels and an invading army of foreign aux- 
iliaries, she might have been innocently unconscious | 
that this conspiracy involved the simultaneous assas- 
sination of Klizabeth. In the conduct and detection 
of her correspondence with Babington, traitor was 
played off against traitor, and spies were utilized against 
assassins, with as little scruple as could be required or 
expected in the diplomacy of the time. Asin the case 
of the casket letters, it is alleged that forgery was em- 
ployed to interpolate sufficient evidence of Mary’s 
complicity in a leit of which it is thought credible 
that she was kept in ignorance by the traitors and 
murderers who had enrolled themselves in her service, 
—that one who pensioned the actual murderer of 
Murray and a would-be murderer of Elizabeth was 
incapable of approving what her keen and practiced 
intelligence was too blunt and torpid to anticipate as 
inevitable and inseparable from the general design. In 
August the conspirators were netted, and Mary was 
‘arrested at the gate of 'Tixall Park, whither Paulet had 
taken her under pretence of a hunting party. At Tix- 
all she was detained till her papers at Chartley had 
undergone thorough research. ‘That she was at length 
taken in her own toils even such a dullard as her ad- 
mirers depict her could not have failed to understand ; 
that she was no such dastard as to desire or deserve 
such defenders the whole brief course of her remaining 
life bore consistent and irrefragable witness. Her first 
thought on her return to Chartley was one of loyal 
gratitude and womanly sympathy. She cheered the 
wife of her Knglish secretary, now under arrest, with 
promises to answer for her husband to all accusations 
broueht against him, took her new-born child from the 
mother’s arms, and in default of clergy baptized it, to 
Paulet’s Puritanic horror, with her own hands by her 
own name. The next or the twin-born impulse of her 
indomitable nature. was, as usual in all times of danger, 
one of passionate and high-spirited defiance, on dis- 
covering the seizure of her papers. A fortnight after- 
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wards her keys and her money were confiscated, while 
she, bedridden and unable to move her hand, could 
only ply the terrible weapon of her bitter and fiery 
tongue. Her secretaries were examined in London, 
and one of them gave evidence that she had first heard 
of the conspiracy by letter from Babington, of whose 
design against the life of Elizabeth she thought it best 
to take no notice in her reply, though she did not hold 
herself bound to reveal it. On the 25th of September 
she was removed to the strong castle of Fotheringay in 
Northamptonshire. On the 6th of October she was 
desired by letter from Elizabeth to answer the charges 
brought against her before certain of the chief English 
nobles appointed to sit in commission on the cause. In 
spite of her first refusal to submit, she was induced by 
the arguments of the vice-chamberlain, Sir Christopher 
Hatton, to appear before this tribunal on condition 
that her protest should be registered against the legality 
of its jurisdiction over a sovereign, the next heir of the 
English crown. 

On the 14th and 15th of October, 1586, the trial was 
held in the hall of Fotheringay Castle. Alone, ‘* with- 
out one counsellor on her side among so many,’’ Mary 
conducted the whole of her own defence with courage 
incomparable and unsurpassable ability. Pathos and 
indignation, subtlety and simplicity, personal appeal 
and political reasoning, were the alternate weapons 
with which she fought against all odds of evidence or 
inference, and disputed step by step every inch of 
debatable ground. She repeatedly insisted on the pro- 
duction of proof in her own handwriting as to her com- 
plicity with the project of the assassins who had expi- 
ated their crime on the 20th and 21st of the month 
preceding. When the charge was shifted to the ques- 
tion of her intrigues with Spain, she took her stand 
resolutely on her right to convey whatever right she 
possessed, though now no kingdom was left her for 
disposal, to whomsoever she might choose. One single 
slip she made in the whole course of her defence ; but 
none could have been more unluckily characteristic and 
significant. When Burghley brought against her the 
unanswerable charge of haying at that moment in her 
service, and in receipt of an annual pension, the insti- 
gator of a previous attempt on the life of Elizabeth, 
she had the unwary audacity to cite in her justification 
the pensions allowed by Elizabeth to her adversaries in 
Scotland, and especially to her son. It is remarkable 
that just two months later, in a conversation with her 
keepers, she again made use of the same extraordinary 
argument in reply to the same inevitable imputation, and 
would not be brought to admit that the two cases were 
other than parallel. But except for this single instance 
of oversight or perversity, her defence was throughout 
a masterpiece of indomitable ingenuity, of delicate and 
steadfast. courage, of womanly dignity and genius. 
Finally she demanded, as she had demanded before, a- 
trial either before the estates of the realm lawfully as- 
sembled, or else before the queen in council. So 
closed the second day of the trial; and before the next 
day’s work could begin a note of two or three lines 
hastily written at midnight informed the commissioners 
that Elizabeth had suddenly determined to adjourn 
the expected judgment and transfer the place of it to 
the star-chamber. Here, on the 25th of October, the 
commissioners again met; and one of them alone, 
Lord Zouch, dissented from the verdict by which Mary 
was found guilty of having, since the Ist of June pre- 
ceding, compassed and imagined divers matters tending 
to the destruction of Hlizabeth. This verdict was con- 
veyed to her, about three weeks later, by Lord Buck- 
hurst and Robert Beale, clerk of the privy council. 
At the intimation that her life was an impediment to 
the security of the received religion, ‘‘ she seemed with 
a certain unwonted alacrity to triumph, giving God 
thanks, and rejoicing in her heart that she was held to 
be an instrument” for the restoration of her own faith. 
This note of exultation as in martyrdom was main- 
tained with unflinching courage to the last. She wrote 
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to Elizabeth and the duke of Guise two letters of 
almost matchless eloquence and pathos, admirable 
especially for their loyal and grateful remembrance of 
all her faithful servants. Between the date of these 
letters and the day of her execution wellnigh three 
months of suspenseelapsed. Elizabeth, fearless almost 
to a fault in face of physical danger, constant in her 
confidence eyen after discovery of her narrow escape 
from the poisoned bullets of household conspirators, 
was cowardly even to a crime in face of subtler and 
more complicated peril. She rejected with resolute 
dignity the intercession of French enyoys for the life 
of the queen-dowager of France; she allowed the sen- 
tence of death to be proclaimed, and welcomed with 
bonfires and bell-ringing throughout the length of 
England; she yielded a respite of twelve days to the 
pleading of the French ambassador, and had a charge 
trumped up against him of participation in a conspiracy 
against her life; at length, on the Ist of February, 


1587, she signed the death-warrant, and then made her: 


secretaries write word to Paulet of her displeasure 
that in all this time he should not of himself have 
found out some way to shorten the life of his prisoner, 
as in duty bound by his oath, and thus relieve her 
singularly tender conscience from the guilt of blood- 
shed. Paulet, with loyal and regretful indignation, 
declined the disgrace proposed to him in a suggestion 
‘*to shed blood without law or warrant’’; and on the 
7th of February the earls of Shrewsbury and Kent 
arrived at lotheringay with the commission of the 
council for execution of the sentence given against his 
prisoner. Mary received the announcement with ma- 
jestic tranquillity, expressing in dignified terms her 
readiness to die, her consciousness that she was a mar- 
tyr for her religion, and her total ignorance of any 
conspiracy against the life of Elizabeth. At night she 
took a graceful and affectionate leave of her attendants, 
distributed among them her money and jewels, wrote 
out in full the various legacies to be conveyed by her 
will, and charged her apothecary Gorion with her last 
messages for the king of Spain. In these messages 
the whole nature of the woman was revealed. Not a 
single friend, not a single enemy, was forgotten; the 
slightest service, the slightest wrong, had its place 
assigned in her faithful and implacable memory for 
retribution or reward. Forgiveness of injuries was as 
alien from her fierce and loyal spirit as forgetfulness of 
benefits; the destruction of England and its liberties 
by Spanish. invasion and conquest was the strongest 
aspiration of her parting soul. At eight next morning 
she entered the hall of execution, having taken leave 
of the weeping envoy from Scotland, to whom she 
gave a brief message for her son; took her seat on the 
scaffold, listened with an air of even cheerful uncon- 
cern to the reading of her sentence, solemnly declared 
her innocence of the charge conveyed in it and her 
consolation in the prospect of ultimate justice, rejected 
the professional services of Richard Fletcher, dean of 
Peterborough, lifted up her voice in Latin against his 
in English prayer, and when he and his fellow-wor- 
shippers had fallen duly silent prayed aloud for the 
prosperity of her own church, for Elizabeth, for her 
son, and for all the enemies whom she had commended 
overnight to the notice of the Spanish invader; then, 
with no less courage than had marked every hour and 
every action of her life, received the stroke of death 
from the wavering hand of the headsman. 

Mary Stuart was in many respects the creature of 
her age, of her creed, and of her station; but the 
noblest and most noteworthy qualities of her nature 
were independent of rank, opinion, or time. Even the 
detractors who defend her conduct on the plea that 
she was a dastard and a dupe are compelled in the 
same breath to retract this implied reproach, and to 
admit, with illogical acclamation and incongruous ap- 
plause, that the world never saw more splendid courage 
at the service of more brilliant jnilesee that a 
braver if not “‘a rarer spirit never did steer humanity.”’ 
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A kinder or more faithful friend, a deadlier or more 
dangerous enemy, it would be impossible to dread or 
to desire. Passion alone could shake the double for- 
tress of her impregnable heart and ever active brain. 
The passion of love, after very sufficient experience, 
she apparently and naturally outlived; the passion of 
hatred and revenge was as inextinguishable in her in- 
most nature as the emotion of loyalty and gratitude. 
Of repentance it would seem that she knew as little as 
of fear, having been trained from her infancy in a reli-. 
gion where the Decalogue was supplanted by the 
reed. Adept as she was in the most exquisite deli- 
cacy of dissimulation, the most salient note of her. 
original disposition was daring rather than subtlety. 
Beside or behind the voluptuous or intellectual attrac- 
tions of beauty and culture, she had about her the 
fresher charm of a fearless and frank simplicity, a 
genuine and enduring pleasure in small and harmless 
things no less than in such as were neither. In 1562 
she amused herself for some days by living ‘‘ with her 
little troop ’’ in the house of a burgess of St. Andrews 
“like a burgess’s wife,’’ assuring the English ambas- 
sador that he should not find the queen there,—‘‘ nor 
I know not myself where she is become.’’? Fyrom Shef- _ 
field Lodge, twelve years later, she applied to the arch- 
bishop of Glasgow and the cardinal of Guise for some 
pretty little dogs, to be sent her in baskets very warmly 
packed,—‘‘ for besides reading and working, I take 
pleasure only in all the little animals that I can get.”’ 
No lapse of reconciling time, no extent of comparative 
indulgence, could break her in to resignation, submis- 
sion, or toleration of even partial restraint. Three 
months after the massacre of St. Bartholomew had 
caused some additional restrictions to be placed upon 
her freedom of’ action, Shrewsbury writes to Burghley 
that ‘‘rather than continue this imprisonment she 
sticks not to say she will give her body, her son, and 
country for liberty’’; nor did she ever show any excess 
of regard for any of the three. For her own freedom 
of will and of way, of passion and of action, she cared 
much; for her creed she cared something; for her 
country she cared less than nothing. She would have 
flung Scotland with England into the hellfire of Span- 
ish Catholicism rather than forego the faintest chance 
of personal revenge. Her profession of a desire to be 
instructed in the doctrines of Anglican Protestantism 
was so transparently a pious fraud as rather to afford 
confirmation than to arouse suspicion of her fidelity to 
the teaching of her church. Elizabeth, so shamefully 
her inferior in personal loyalty, fidelity, and gratitude, 
was as clearly her superior on the one all-important 
point of patriotism. The saving salt ofeHlizabeth’s 
character, with all its wellnigh incredible mixture of 
heroism and egotism, meanness and magnificence, was 
simply this, that, overmuch as she loved herself, she — 
did yet love England better. Her best though not her 
only fine qualities were national and political, the high 
public virtues of a good public servant; in the private 
and personal qualities which attract and attach a friend 
to his friend and a follower to his leader, no man or 
woman was ever more constant aud more eminent than 
Mary Queen of Scots. (AC OlSE) 
MARYBOROUGH, a town of Queensland, Aus- 
tralia, in the county of March, on the left bank of the 
Mary river, 25 miles from its mouth, about 180 miles 
north of Brisbane, in 25° 35’ 8. lat. and 152° 437 
long. It is the principal shipping port for an exten- 
sive district, communicating by steamer and coach with 
Brisbane and (since 1881) by railway with the Gympie 
gold-fields, 54 miles to the south. <A large shen bail - 
ing yard, saw-mills, distilleries, breweries, and soap- 
works are among the industrial establishments of the 
town, and extensive sugar factories exist in the neigh- 
borhood. Besides a handsome court-house and town- 
hall, the public buildings comprise a hospital, a school 
of arts with a considerable library, and immigration 
barracks. Gas-lighting and watér from the Tinana 
ereek were both introduced in 1879. The population 
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of the census district in 1876 was 8608, that of the 
municipal area about 7000. Maryborough had only 
about 600 inhabitants in 1860; the municipality dates 
from 1861, and was reincorporated in 1876. 
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Copyright, 1882, by W. T. Brantly. 
ARYLAND, one of the thirteen original States 


of the American Union, lies between the paral- 

lels of 37° ae 39" ae a ne a rue i kA 

and 79° 33” W. long. It is bounded on the N. 

os gion by Pennsylvania and Delaware; Ki. by Dela- 

ware and the Atlantic Ocean; and 8. and W. by Vir- 

ginia and West Virginia. The total area of the State 

is 12,210 square miles, of which about 2350 square 

miles are covered by the waters of the Chesapeake Bay 
and of the Potomac and other rivers. 

Topography.—TVhe configuration of the State is very 
irregular. Its extreme length east and west is about 
200 miles, and its breadth varies from 4 to 120 miles. 
The coast-line has no harbors, but a narrow beach and 
a shallow lagoon, called Sinepuxent Bay, extend along 
its entire length. The central geographical feature of 
the State is the Chesapeake Bay, the greatest inlet in 
the United States, and one which is navigable through- 
out for the largest vessels. The bay at its ocean mouth, 
between Cape Charles and Cape Henry, is 12 miles 
wide; it extends north and south about 200 miles ; its 
breadth at the widest point is 40 miles, and its average 
breadth is 10 miles. It contains many islands, and its 
shore-line, which is extremely irregular, is deeply in- 
dented with estuaries. That part of the State which lies 
between the bay on the west and the State of Delaware 
and the ocean on the east is locally known as the Hast- 
ern Shore. ‘The surface of this region is for the most 
part level, and but little raised above the sea. ‘The 
peninsula between the Potomac river and the west 
shore of the bay constitutes another geographical divi- 
sion similar in its general features to the Hastern 
Shore. Its surface, however, is more undulating, and 
on the northwest it rises to a ledge of Primitive rocks 
which runs from the Potomac river at a point about 
10 miles above Washington city northeast to the Sus- 
quehanna river, and separates the tide-water portion 
of the State from the third division. ‘This latter region 
gradually rises as it extends westward until it culmi- 
nates in the mountains of the great Appalachian range, 
which are called, in Maryland, the Blue Ridge and the 
Alleghanies. ‘The principal rivers of the astern Shore 
are the Pocomoke, Nanticoke, Choptank, and Elk. 
These are rather estuaries than rivers, and are not 
navigable for any distance from their mouths. The 
Susquehanna flows into the bay at its head, and is 
navigable for a few miles. On the western shore are 
the Potomac, navigable for 125 miles, to Washington 
city, the Patuxent,—the largest river which is alto- 
gether within the State,—navigable for small vessels 
for 40 miles, and the Patapsco, on which Baltimore 
city is situated, navigable for 22 miles. The tide rises 
und falls in all these rivers. With the exception of 
the Youghiogheny, all the Maryland streams flow into 
the Chesapeake Bay. 

Geology and Minerals.—A great diversity of geo- 
logical formation is found in ‘Maryland. The lower 
part of the Hastern Shore is an alluvial plain, and the 
numerous islands in the bay are composed of similar 
alluvial deposits. The northern part of the Kastern 
Shore, beginning at the Choptank river, is a Tertiary 
formation, whose strata of sands and clays overspread 
deposits of marl, which is of great value as a fertilizer. 
The peninsula on the western shore of the bay belongs 
to the same Tertiary formation, which, towards the 
northwest, gives place to a range of metamorphic 
rocks. This belt of rocks, which includes a strip of 
New Red Sandstone, enters the State near the head 
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of the bay, and extends southwest to the Potomac, 
with an average breadth of about 20 miles. The 
principal rocks are gneiss, talc-slates, limestone, 
granite, serpentine, and divers hydrated magnesian 
silicates. ‘lhe limestone supplies a marble highly 
valued as a building material, and the serpentine 
rocks yield the valuable metallic element of chromium, 
which has been extensively and profitably worked. 
Oxides of iron occur in gneiss, and the Jurassic clays 
contain the brown hematite ores from which iron is 
manufactured. These ores were worked even during 
the colonial period, and in 1751 Maryland exported 
2950 tons of pig iron to England. Bog iron ore is also 
found on the Eastern Shore. Beds of different kinds 
of clays which are used in the manufacture of’ bricks, 
porcelain, ete., are abundant, and veins of copper ore 
are also worked. Passing westward of the meta- 
morphie rocks, we meet a wide belt of Silurian and 
Devonian formation, and the first ridge of the Appala- 
chian range, beyond which lies the broad Hagerstown 
valley resting upon Trenton limestone. Numerous 
parallel ridges, enclosing valleys of great fertility, and 
ktenahen to the Middle Silurian, Devonian, and Car- 
boniferous formations, follow. This belt of lines of 
elevation nearly parallel with the ocean, which is a 
characteristic of the Appalachian chain, has, in Mary- 
land, an average breadth of about forty miles, and 
trends to the southwest. The mountainous region, 
which extends to the western extremity of the State, 
but with elevations rarely exceeding 2500 feet, begins 
at Cumberland, and here the Silurian and Devonian 
formations give place to the Carboniferous. This 
yortion of Maryland is one of the most important 
ituminous coal regions in America. ‘There are several 
coal-fields with horizontal seams lying near the surface, 
but the most considerable is that of the George's 
Creek valley between Dan’s Mountain on the east and 
Savage Mountain on the west. This narrow valley. 
about 20 miles long, contains the ‘‘big seam’’ of 
bituminous coal, of the extraordinary thickness of 14 
feet. The Maryland coal is unequalled in the manu- 
facture of iron and the generation of steam. ‘The 
number of tons mined in 1881 was 2,261,918, and it is 
estimated that 550 square miles of Coal-measures 
remain. This Carboniferous formation also contains 
deposits of iron ore which are extensively worked. 

Climate, Soil, etc.—The climate of Maryland is 
equable and salubrious, except in some of the lower 
counties on the bay, which, in summer, are subject to 
malarious exhalations. The mean annual temperature 
in the southern part of the State is 56°, in the middle 
54°, and in the western 50°. The mean temperature 
at Baltimore is in spring 53.8°, in summer 76.2°, in 
autumn 57.1°, in winter 36.2°. The mean annual 
temperature is 55.9°. The mean annual barometer is 
30.064 inches, and the annual rainfall 41.94 inches. 
The death-rate in the State is 1.81 per cent. In Balti- 
more city it was 19.34 per 1000 in 1879, and 24.7 in 
1880. 

The soil of the Eastern Shore, and of the peninsula 
on the western shore of the bay, is composed of sand 
and clay, and when properly cultivated is very produc- 
tive. Much attention is there bestowed upon the 
growth of peaches and other fruits. ‘The land in the 
central part of the State and in the valleys of the 
mountainous part, is of great fertility. The original 
forest still covers a considerable area of the western 
portion. There are about one hundred species of trees 
in the State. The deciduous oaks, hickory, chestnut, 
walnut, cedar, and beech trees are especially abundant. 
The bay and its estuaries contain inexhaustible beds 
of the finest oysters, yielding many thousand bushels 
annually.! There are several kinds of tortoises, the 
most highly esteemed of which are the Malaclemys 
palustris and the Ptychemys rugosa. At least eighty 

1 In 1880 the amount of capital invested in the Maryland oyster 


business was $6,245,876; the number of persons employed, 24,377; 
and the oysters taken, 10,569,012 bushels. ‘ 
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kinds of edible fishes abound in the waters of the 
State, and swimming birds are very numerous. 

Population, Divisions.—The State is divided into 
twenty-three counties and the corporation of Baltimore 
city. The counties are—Alleghany, Anne Arundel, 
Baltimore, Calvert, Caroline, Carroll, Cecil, Charles, 
Dorchester, Frederick, Garrett, Harford, Howard, 
Kent, Montgomery, Prince George’s, Queen Anne, 
St. Mary’s, Somerset, Talbot, Washington, Wicomico, 
and Worcester. There are five cities—Baltimore, the 
metropolis of the State, and the seventh city in the 
United States (population in 1880, 332,313; in 1870, 
267,354), Cumberland (population in 1880, 10,693), 
Frederick (8659), Hagerstown (6627), and Annapolis 
(6498), the capital of the State, and the seat of the 
naval academy of the United States. 

The body of 200 emigrants who colonized Maryland 
in 1634 had increased twenty-five years later to 12,000. 
In 1671 the population was 20,000; in 1715, 30,000; 
in 1748, 130,000, of whom 36,000 were negroes; in 
1761, 164,007 (including 49,675 negroes); in 1775, 
200,000; in 1782, 254,050 (including 83,362 negroes). 
The growth of population as exhibited by the decen- 
nial census returns of the United States is as follows :— 


Years. White. Free Colored.| Slaves. Total, 
1790 208,649 8,043 108,036 319,728 
1800 216,326 19,587 105,635 841,548 
1810 235,117 33,927 111,502 380,546 
1820 260,223 39,730 107,397 407,350 
1830 291,108 52,938 102,994 447,040 
1840 318,204 62,078 89,737 470,019 
1850 417,943 74,723 90,368 583,034 
1860 515,918 83,942 87,189 687,049 
1870 605,497 175,397 mn 780,894 
1880 724,693 210,230 934,923 


In 1880 the native-born were 852,137, and the foreign-born 
82,806. There were 10,569 more females than males. The 
number of males of twenty-one years of age and over was 
232,106, of whom 144,586 were native white, 38,936 foreign 
white, and 48,584 colored. The number of persons over the 
age of ten years who were unable to read and write was 
134,488. The number of families in Maryland was 175,318; 
dwellings, 155,070; persons to a square mile (land surface,) 
94.82; families to asquare mile, 17.78; dwellings to asquare 
mile, 15.73; acres toa person, 6.75; acres to a family, 35.99; 
persons to a dwelling, 6.03; persons to a family, 5.33. 

Agriculture, Manufactures, Commerce.—The following sta- 
tistics relating to agricultural labor in Maryland are those 
of the census of 1880. The number of farms was 40,517 
(the rate of increase since 1870 being 50 per cent.) ; 27,978 
farms were occupied by the owners, 3878 were rented for a 
fixed money rental, and 8661 were rented for shares of pro- 
duce. In 19,920 farms the number of acres under ecultiva- 
tion was less than 100, and only 805 farms were of or above 
500 acres’ extent. The staple crops are tobacco, maize, and 
wheat, and the average cash value per acre of crops was 
$17.82. In the production of tobacco Maryland ranks as 
the seventh State in the Union. The acreage devoted to it 
was 38,174; the production was 26,082,147 tb ; and the value 
of the crop in the farmers’ hands was $1,825,750. The 
cereal production was as follows:—Barley, 226 acres, 6097 
bushels; buckwheat, 10,294 acres, 136,667 bushels; Indian 
corn, 664,928 acres, 15,968,533 bushels; oats, 101,127 acres, 
1,794,872 bushels; rye, 32,405 acres, 288,067 bushels; wheat, 
569,296 acres, 8,004,864 bushels. The live stock on the 
farms, June 1, 1880, was as follows :—horses, 117,796; mules 
and asses, 12,561; working oxen, 22,246; milch cows, 122,- 
907; other cattle, 117,387; sheep, 171,184; swine, 335,408. 

The statistics of the iron and steel industries for 1880 
showed that the number of establishments in Maryland 
was twenty-three; capital, $4,962,125; number of hands, 
2763; wages paid, $905,090; value of materials, $2,888,574 ; 
value of products, $4,470,050. The production of pig iron 
was 59,664 tons The cotton manufactures had 2325 looms, 
125,014 spindles, used 46,947 bales of cotton, and employed 
4159 hands. Baltimore stands eighth in the list of manu- 
facturing cities in the United States. The number of 
establishments in that city is 3596; capital $35,760,108; 
average number of hands employed 55,201; annual product 
$75,621,388. 

The large foreign commerce of the State is conducted 
almost wholly through the port of Baltimore, although 
there are two other portsof entry. In 1881 the number of 
foreign vessels arriving was 1307; in 1880, 1508. The 
number of foreign clearances in 1881 was 1179; in 1880, 
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1633. The number of vessels registered in the State is 
1788. The chief imports are iron, coffee, and salt; the 
chief exports, tobacco, petroleum, and grain. The grain 
elevators at Baltimore have a capacity of 6,150,000 bushels. 
In 1880 the value of the foreign imports was $18,643,245, 
and that of the foreign exports $74,398,971. The aggregate 
exchanges at the Baltimore clearing house in 1881 were 
$732,448,141. There are one hundred and fifty-two fire and 
marine insurance companies doing business in the State. 
In 1881 these received $1,680,109 in premiums, and paid 
losses amounting to $1,015,658. The twenty-nine life in- 
surance companies in the State received in 1881 $1,116,540 
in premiums, and paid losses amounting to $895,092. 

Railways and Canals.—The Baltimore and Ohio Railway, 
incorporated in 1827, is one of the chief lines of communi- 
cation between the seaboard and the Western States. Thé 
number of miles of all railways in operation wholly within 
the State is 1048. The Chesapeake and Ohio Canal, begun 
in 1828, and completed in 1845, at a cost of $11,375,000, 
extends from Cumberland, along the left bank of the Po- 
tomac, to Georgetown, in the District of Columbia, a dis- 
tance of 184 miles. It there crosses the river by an aqueduct 
and continues to Alexandria, Va. Its depth is 6 feet, and 
its width varies from 52 to 70 feet. The Chesapeake and 
Delaware Canal, connecting the Chesapeake and Delaware 
Bays, is 12 miles long, 66 feet wide, 10 feet deep, and cost 
$3,547,561. 

Revenue, Debts, Taxation.—The total amount of the funded 
debt of the State on September 30, 1881, was $11,257,560. 
About one-half of this debt bears interest at 5 per cent., 
and the remainder at 6 per cent. As an offset to this debt 
the State owns interest-paying securities amounting to 
$3,461,085, and non-productive property valued at 25 million 
dollars. The property assessed for purposes of State taxa- 
tion in 1881 was valued at $461,459,939, and the State tax 
was 18? cents on each $100. The total receipts of the State 
from all sources were $1,996,641. The debt of Baltimore 
city, on January 1, 1882, was $36,381,351. The city owns 
productive property worth $15,304,596, and unproductive 
property valued at $5,150,780. The property assessed for 
city taxation was valued at $247,230,189, and the city tax 
was $1.37 on each $100. The debts of the cities and counties, 
exclusive of Baltimore, amount to nearly two million 
dollars. 

Social Statistics—In 1881 the average number of convicts 
in the State penitentiary was 545, nearly one-half of whom 
were sentenced for larceny. The convicts are employed 
upon profitable labor, and the institution is not only self- 
supporting, but is a source of revenue to the State. The 
State house of correction received in 1881 414 prisoners, 
most of whom were sentenced to short terms. Provision. 
is made for juvenile offenders in houses of reformation and 
similar establishments. The number of inmates in the 
almshouses in 1879 was 2384. The M‘Donogh Industrial 
School has an endowment of $861,968, and educates and 
supports about fifty poor boys annually. The State extends 
its aid to a hospital for the insane (with 400 inmates), an 
asylum for the blind, two deaf and dumb asylums, and 
other charitable institutions. In 1880 there were one 
hundred and thirty-eight periodicals published in the 
State. The principal religious denominations are the 
Methodist, Roman Catholic, Episcopalian, Presbyterian, 
and Baptist. 

Education and Libraries.—Maryland has an excellent sys- 
tem of free public schools supported by State, county, and 
municipal taxation. In 1881 the number of schools was 
2039, the number of pupils 158,909, the number of teachers 
3180, and the total expenses $1,604,580. The schools are 
managed by school commissioners who, in the counties, 
are appointed by the judges of the circuit courts, and in 
Baltimore city are elected by the city council. There is 
also a State board of education, invested with comprehen- 
sive visitorial powers. A number of higher educational 
institutions are maintained in part by the State. The 
principal of these are the normal school at Baltimore, St. 
John’s College at Annapolis (founded in 1783), the Western 
Maryland, Maryland Agricultural, Baltimore Female, Wash- 
ington, and Frederick colleges. in 1881 these colleges had 
723 students and 56 instructors, and receiyed from the 
State $40,300. In Baltimore are two medical colleges—the 
college of physicians and surgeons, with 10 professors and 
330 students, and the medical school of the university of 
Maryland, with 10 instructors and 200 students. There are 
also two dental colleges in the State. The law school of the 
university of Maryland has 4 instructors and 60 students. 
The Johns Hopkins University, at Baltimore, which has an 
endowment of more than 3 million dollars, was opened in 
1876. It has 34 professors and associates, 20 fellows, 155 
students, and 12,000 volumes in its library. The buildings 
of the Johns Hopkins Hospital, which has a similar en- 
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dowment of more than 3 million dollars, are now (1882) 
being erected. The Peabody Institute, which has $1,300,000 
in productive funds, the gift of George Peabody, was found- 
ed in 1857. It embraces a lecture department, a conserva- 
tory of music, a gallery of fine arts, and a library. The 
library, containing 75,459 volumes in 1882, is designed to be 
a collection of such books as are not ordinarily accessible to 
scholars. The Pratt Public Library, endowed with one 
million dollars, was founded in 1882. 

Administration.—The chief executive officer of the State 
is the governor, who is elected for the term of four years, and 
receives a salary of $4500 per annum. He is invested with 
power to grant pardons and reprieves except in cases 
of impeachment, and a three-fifths vote of the legislature 
is necessary to overcome his veto of an Act. The legisla- 
ture, called the General Assembly, meets biennially, and 
its sessions are limited by the constitution to‘ninety days. 
It is composed of a senate, elected for four years (one-half 
being chosen every second year), and a house of delegates, 
elected for two years. The present number of senators is 
26, and of delegates 91. The judicial power of the State is 
vested in a court of appeals, consisting of 8 judges, in a 
circuit court, and an orphans’ court for each county, in six 
courts of record for Baltimore city, and in justices of the 
peace, The judges are elected by the people for fifteen 
years, and retire upon attaining the age of seventy years. 
The justices of the peace are appointed by the governor, 
with the consent of the senate. The Jaw officers are an 
attorney-general for the State, and a State’s attorney for 
each county, who is the prosecuting officer in all criminal 
cases. The local affairs of the counties are managed by 
county commissioners elected for two years, and those of 
each city by a mayor and city council, All elections are by 
ballot, and every male citizen of the United States who has 
been a resident of the State for one year and of the district 
in which he offers to vote for six months preceding the 
election is entitled to be registered as a voter. The present 
constitution was adopted in 1867. Maryland is represented 
in the national congress by two senators and six representa- 
tives. The arms of the State are those prescribed by Lord 
Baltimore for the province in 1648, viz:—quarterly—Ist 
and 4th, paly of six, or and sable, a bend counterchanged ; 
2d and 3d, quarterly, argent and gules, a cross botonny, 
counterchanged ; crest (which is placed upon a helmet, 
showing five bars, over a count palatine’s coronet), on a 
ducal coronet proper two pennons, dexter or, the other 
sable, staves gules; motto, Matti maschii parole femine ; sup- 
porters, a ploughman and fisherman, proper. On the great 
seal a mantle doubled with ermine surrounds the arms and 
supporters, as above, and upon a border encircling the seal 
is engraven the legend, scuto bon: voluntatis tue coronasti nos. 


History.—The charter of Maryland, which consti- 
tuted the first proprietary government established in 
America, was obtained from Charles I. by Sir George 
Calvert, the first Lord Baltimore, who had been one 
of the principal secretaries of state to James I. Lord 
Baltimore died before the patent passed the seals, and 
it was issued to his son the second Lord Baltimore on 
June 20, 1632. The name Maryland (Terra Maric) 
was bestowed upon the colony by Charles I. in honor 
of his queen Henrietta Maria. In 1633 Lord Balti- 
more despatched a number of emigrants, under the 
command of his brother Leonard Calvert, to colonize 
the territory. ‘They settled at St. Mary’s on the 27th 
March, 1634, and the first legislative assembly, which 
was composed of all the freemen of the province, met 
in February, 1635. Before the grant of the charter a 
trading station had been established, by William Clay- 
borne of Virginia, upon Kent Island, in Chesapeake 
Bay, and the early years of the colony were greatly 
disturbed by contests with him, in which, however, 
Lord Baltimore was finally successful. The Balti- 
mores were Catholics, and Maryland was designed to 
be.a place of refuge for English Catholics, but, from 
the earliest period, religious toleration for all Christ- 
jans was proclaimed and practised. Maryland has 
always claimed the honor of having been the first gov- 
ernment in which liberty in matters of faith was 
established by law. Under the charter by which 
Maryland was made a province of the empire Balti- 
more was the owner of the soil, and enjoyed all the 
rights that had ever been exercised by a count pala- 
tine. he laws of the provincial assemblies which 
received his assent were not subject to the revision of 
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the crown. In 1652 the parliamentary commissioners 
deposed Lord Baltimore’s officers, and appointed a 
Puritan council to govern the province. After several 
years of contest between the proprietary and Puritan 
parties, the power of the former was finally re-estab- 
lished. At the time of the Revolution of 1688 the 
failure of Lord Baltimore’s deputies to proclaim Wil- 
liam and Mary gave an opportunity to the disaffected 
Protestants in the province to incite a revolt, which re- 
sulted in the overthrow of their feudal lord. The king 
and queen approved of this colonial Protestant revolu- 
tion, and Maryland was taken directly under the govern- 
ment of the crown. The Church of England was then 
established, and disabilities imposed upon Catholics 
and dissenters. Maryland remained a royal colony 
until 1714, when, upon the death of the third Lord 
Baltimore, his son, who was a Protestant, was recog- 
nized as the proprietary. ‘The province was governed 
by the Baltimores until the revolution of 1776. The 
original charter limits included all the present State of 
Delaware and a large part of Pennsylvania. The grant 
to William Penn conflicted with that of Maryland, and 
a controversy between the two colonies began in 1682, 
and was not concluded until 1760, when the Penns, 
armed with a decision of the privy council and a 
decree in chancery, were successful. ‘‘ Mason and 
Dixon’s line’’—famous in American polities—was 
established between the provinces in 1763-67. During 
the war for independence Maryland furnished her full 
quota of troops, but refused to ratify the articles of 
confederation until those colonies which had claims to 
western lands surrendered them to the general Gov- 
ernment. Washington resigned his commission as 
commander-in-chief to the colonial congress at An- 
napolis in December, 1783. Maryland ratified the 
constitution of the United States on the 28th April, 
1788, and in 1790 ceded to the United States 60 
square miles of territory, where the national capital is 
situated. At the outbreak of the civil war Maryland 
was a slave-holding State, and popular sentiment was 
divided between the North and the South, but the de- 
cisive measures adopted by the Federal Government 
made it impossible for the State to leave the Union. 
The history of the State has been written by M‘Mahon 
(1831), Bozman (1837), M‘Sherry (1849), and Scharf 
(1879). The Maryland Historical Society at Balti- 
more has a large collection of colonial and reyolution- 
ary MSS., newspapers, and historical works, and has 
published numerous essays upon questions of local 
history. (W. T. B.) 

MARYPORT, a market and seaport town of Cum- 
berland, England, is situated on the Irish Sea, 29 
miles southwest from Carlisle. It is irregularly built, 
partly on a cliffand partly on the sea-shore. The 
streets are spacious, but there are no public buildings 
of importance. The town until 1750 consisted of a 
few huts called Ellenfoot, when a harbor was con- 
structed by Humphrey Senhouse, which gave. a great 
impulse to its prosperity. The principal exports are 
coal to Ireland and pig-iron to the Continent, the 
principal imports timber and general merchandise. 
Shipbuilding is carried on to a small extent. In 1881] 
the number of vessels that entered from foreign and 
colonial ports was 72, of 35,241 tons burden; the 
number that cleared 120, of 60,840 tons burden. The 
coasting trade is much more important, the number of 
vessels that entered being 1805, of 215,332 tons burden, 
and the number that cleared 1753, of 187,200 tons. 
There are rope and sail-cloth works, iron foundries, 
and saw-mills, also brewing and tanning. The popu- 
lation of the urban sanitary district in 1871 was 7443, 
and in 1881 it was 8177. There was a Roman camp 
in the neighborhood of Maryport, and the district is 
rich in Roman antiquities. 

MASACCIO (1402-1429). Tommaso Guidi, son 
of a notary, Ser Giovanni di Simone Guidi, of the: 
family of the Scheggia, who had property in Castel 8. 
Giovanni di Val a Aino, was ‘born in 1402, and 
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acquired the nickname of Masaccio, which may be 
translated ‘‘ Lubberly Tom,’’ in consequence of his 
slovenly dressing and deportment. He loved to be 
alone and at home, neglected ‘‘appearances”’ of all 
sorts, and was constantly wool-gathering when not 
intently occupied with his work; he had no vices, 
however, and would always do a good turn to an 
acquaintance. From childhood he showed a great in- 
clination for the arts of design, and he is said to have 
studied under his contemporary Masolino da Panicale. 
In 1421, or perhaps 1423, he was enrolled in the guild 
of the speziali (druggists) in Florence, in 1424 in the 
guild of painters. His first attempts at painting were 
made in Florence, and then in Pisa. Next he went to 
Rome, still no doubt very young; although the state- 
ment that he returned from Rome to Florence, in 1420, 
when only eighteen or nineteen, seems incredible, con- 
sidering what were the works which he undertook in 
the papal city. These included a series of frescos still 
extant in a chapel of the church of S. Clemente, 
a Crucifixion, and scenes from the life of St. Catherine 
and St. Clement, or perhaps some other saint. 
Though much inferior to his later productions, these 
paintings are, for naturalism and propriety of represen- 
tation, in advance of their time. Some critics, how- 
ever, consider that the design only, if even that, was 
furnished by Masaccio, and the execution left to an in- 
ferior hand; this appears highly improbable, as Ma- 
saccio, at his early age, can scarcely have held the 
position of a master laying out work for subordinates ; 
indeed Vasari says that Lubberly Tom was held in 
small esteem at all times of his brief life. In the 
crucifixion subject the group of the Maries is remarka- 
ble; the picture most generally admired is that of 
Catherine, in the presence of Maxentius, arguing 
against and converting eight learned doctors. After 
returning to Florence, Masaccio was chiefly occupied in 
painting in the church of the Carmine, and especially 
in that ‘‘ Braneacci chapel’’ which he has rendered 
famous almost beyond rivalry in the annals of paint- 
ing. 


The chapel had been built early in the 15th century by 
Felice Michele di Piuvichese Brancacci, a noble Florentine. 
Masaccio’s work in it began probably in 1423, and contin- 
ued at intervals until he finally quitted Florence in 1428. 
There is a whole library-shelf of discussion as to what par- 
ticular things were done by Masaccio and what by Maso- 
lino, and long afterwards by Filippino Lippi, in the Bran- 
cacci chapel, and also as to certain other paintings by 
Masaccio in the Carmine. He began with a trial piece, a 
majestic figure of St. Paul, not in the chapel; this has per- 
ished. A monochrome of the Procession for the Consecra- 
tion of the Chapel, regarded as a wonderful example, for 
that early period, of perspective and of grouping, has also 
disappeared, though there is some suspicion that it might 
yet, with due pains and research, be recovered; it con- 
tained portraits of Brunelleschi, Donatello, and many 
others. In the cloister of the Carmine was discovered in 
recent years a portion of a fresco by Masaccio representing 
a procession; but this, being in colors and not in mono- 
chrome, does not appear to be the Brancacci procession. 
As regards the works in the Brancacci chapel itself, the 
prevalent opinion now is that Masolino, who used to be 
credited with a considerable portion of them, did either 
nothing, or at the utmost the solitary compartment which 
represents St. Peter restoring Tabitha to life, and the same 
saint healing a cripple. The share which Filippino Lippi 
bore in the work admits of little doubt; to him are due 
various items on which the fame of Masaccio used princi- 
pally to be based—as for instance the figure of St. Paul ad- 
dressing Peter in prison, which Raphael partly appropriated ; 
and hence it may be observed that an eloquent and oft- 
quoted outpouring of Sir Joshua Reynolds in praise of 
Masaccio ought in great part to be transferred to Filippino. 
What Masaccio really painted in the chapel appears with 
tolerable certainty to be as follows, and is ample enough to 
sustain the high reputation he has always enjoyed — (1) 
The Temptation of Adam and Eve; (2) Peter and the Tri- 
bute-Money; (3) The Expulsion from Eden; (4) Peter 
Preaching; (5) Peter Baptizing; (6) Peter Almsgiving ; 
(7) Peter and John Curing the Sick; (8) Peter Restoring to 
Life the Son of King Theophilus of Antioch was begun by 
Masaccio, including the separate incident of Peter En- 
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throned, but a large proportion is by Filippino; (9) the 
double subject already allotted to Masolino may perhaps be 
by Masaccio, and in that case it must have been one of the 
first in order of execution. A few words may be given to 
these pictures individually. (1) The Temptation shows a 
degree of appreciation of nude form, corresponding to the 
feeling of the antique, such as was at that date unexampled 
in painting. (2) The Tribute-Money, a full, harmonious, 
and expressive composition, contains a head reputed to be 
the portrait of Masaccio himself—one of the apostles, with 
full locks, a solid resolute countenance, and a pointed beard. 
(3) The Expulsion was somuch admired by Raphael that, 
with comparatively slight modifications, he adopted it as his 
own in one of the subjects of the Loggie of the Vatican. (5) 
Peter Baptizing contains some nude figures of strong natu-. 
ralistic design; that of the young man, prepared for the 
baptismal ceremony, who stands half-shivering in the raw 
air, has always been a popular favorite, and an object of 
artistic study. (8) The restoration of the young man to 
life has been open to much discussion as to what precise 
subject was in view, but the most probable opinion is that 
the legend of King Theophilus was intended, ‘ 

In 1427 Masaccio was living in Florence with his 
mother, then for the second time a widow, and with 
his younger brother Giovanni, a painter of no distine- 
tion; he possessed nothing but debts. In 1428 he 
was working, as we have seen, in the Braneacci chapel. 
Before the end of that year he disappeared from Flo- 
rence, going, as it would appear, to Rome, to evade 
the importunities of creditors. Immediately after- 
wards, in 1429, when his age was twenty-seven, he was 
reported dead. Poisoning by jealous rivals in art was 
rumored, but of this nothing is known. The statement 
that several years afterwards, in 1443, he was buried 
in the Florentine church of the Carmine, without any 
monument, seems to be improbable, and to depend 
upon a confused account of the dates, which have now, 
after long causing much bewilderment, been satisfac- 
torily cleared up from extant documents. 

It has been said that Masaccio introduced into 
painting the plastic boldness of Donatello, and carried 
out the linear perspective of Paolo Uccello and Bru- 
nelleschi (who had given him practical instruction), 
and he was also the first painter who made some con- 
siderable advance in atmospheric perspective. He was 
the first to make the architectural framework of his 
pictures correspond in a reasonable way to the propor- * 
tions of his figures. In the Brancacci chapel he 
painted with extraordinary swiftness. The contours 
of the feet and articulations in his pictures are imper- 
fect; and his most prominent device for giving round- 
ness to the figures (a point in which he made a great 
advance upon his predecessors) was a somewhat man- 
nered way of putting the high lights upon the edges. 
His draperies were broad and easy, and his landscape 
details natural, and superior to his age. In fact, he 
led the way in representing the objects of nature cor- 
rectly, with action, liveliness, and relief. Soon after 
his death, his work was recognized at its right value, 
and led to notable advances; and all the greatest artists 
of Italy, through studying the Braneacci chapel, be- 
came his champions and disciples. : 

Of the works attributed to Masaccio in public or private 
galleries hardly any are authentic. The one in the Flo- 
rentine Academy, the Virgin and Childin the Lap of St. 
Anna, is an exception. The so-called portrait of Masaccio 
in the Uffizi Gallery is more probably Filippino Lippi; and 
Filippino, or Boticelli, may be the real author of the head, 
termed a Masaccio, in the London National Gallery. 


MASANITELLO (an abbreviation of Tommaso ANT- 
ELLO or ANELLO) was the leader of the Neapolitan 
reyolt in July, 1647. For many years the Spanish 
Government, in straits for money, had exacted large 
sums from the Two Sicilies, although the privileges 
granted by Ferdinand and Charles V. had exempted 
them both from taxes on the necessaries of life and 
from all external payments whatever. Now, however, 
under Philip IIT. and Philip IV., the exactions, heavy 
in themselves, were made more oppressive by being 
farmed out to contractors, while the sums raised were 
usually conveyed to Spain and spent on purposes often 
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having no connection with Naples. Meantime the in- 
dustrial classes were scourged by the excesses of the 
nobility and the lawlessness of banditti. At length, 
at the end of 1646, the duke of Arcos demanded a 
million ducats in gold; and it was resolved after much 
opposition to raise it from fruit, one of the most im- 
portant articles of food to a southern people. Petitions 
delayed but did not remove the tax; on June 6a toll- 
house was actually blown up, but the viceroy did not 
‘give way. The discontent was fomented by Genovino, 
who had been chosen ‘‘ elect of the people’’ (that is, 
of the district of the city where the common people 
had the right of voting) in 1619 by the duke of Osuna’s 
influence, and had been employed by him as an agita- 
tor. After the duke’s recall he had been long in prison, 
and then returned to Naples and became a priest. He 
selected for his purpose Masaniello, a fisherman of Na- 
ples, then twenty-seven years old, well built, intelli- 
gent, aud very popular in the city. He was so poor, 
we are told, that he was usually obliged to content 
himself with selling paper to wrap up the fish tiat 
others sold. He had special cause too for hatred to 
the taxes: his wife had tried to smuggle a bag of flour 
into the city as an infant; she had been imprisoned, 
and his scanty possessions had barely sufficed to pay 
her fine. The temporary success ofa rising at Palermo 
had stirred the people to a sense of their power, and 
very little was wanting to produce an explosion. On 
July 16, the feast of S. Maria del Carmine, it was cus- 
tomary to make a sort of castle which was defended 
by one body of youths armed with sticks and stormed 
by another. Masaniello had been chosen captain 
of one of these parties, and got together four hun- 
dred young men, with whom he had already raised 
the ery of *‘ Down with the taxes!’’ when the crisis was 
precipitated by a quarrel. On Sunday the 7th a dis- 
ute arose in the market (on which Masaniello’s house 
ooked) whether the gardeners or the buyers of their 
fruit should pay the tax. Finally the owner of the 
fruit (said to have been a kinsman of Masaniello) wpset 
his basket, saying he would sooner let the people have 
it for nothing than pay the tax. Masaniello came up ; 
the tax collectors were pelted with fruit and then with 
‘stones, and the toll-house was burnt with cries of— 
“The king of Spain and plenty; down with misgoy- 
ernment and taxes.’’ The viceroy attempted without 
effect to quiet the people by promises; his carriage 
was surrounded, and he escaped with difficulty to St. 
Hlmo. Meanwhile the populace broke open the 
prisons, and released all charged with offences against 
the customs. In the evening, by advice of Genovino, 
‘a meeting elected officers, and decided on their de- 
-mands. Masaniello was chosen captain, with one 
Perrone, who had been in the service of Maddaloni, 
and at another time a captain of banditti, as his lieu- 
tenant. Next day the people went in search of arms; 
many houses of persons who had made themselves 
obnoxious to the people, and especially of tax farmers, 
were sacked, and théir contents burnt; but most of 
the historians of the time state that there were few 
attémpts to appropriate anything, and those few 
were immediately punished. The duke of Maddaloni, 
a man of lawless life, but a decided opponent of the 
viceroy, was selected as a likely intermediary with the 
people. The latter demanded the original charter 
cue by Charles V., which was said to have wrong- 
ully come into the viceroy’s own hands, the removal 
of all taxes imposed since Charles V.’s death, and 
that the elect of the people should have as many votes 
as the representatives of the nobles. All was granted ; 
but the viceroy made intrenchments to guard the ap- 
roaches to the castle. Next day the sacking of tax 
armers’ houses went on. The viceroy attempted to 
cheat the people by sending documents simply drawn 
up by himself; and then their rage burst out. Mad- 
daloni was seized and given into custody, but escaped 
in the night by Perrone’s connivance. The people 
were summoned to arms. The cardinal archbishop 
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Filomarino, who did his best to mediate between the 
parties all through, came to them from the viceroy, 
and it was arranged that he should bring them the 
document. ‘The seizure of arms went on, and Masga- 
niello marching out of the city disarmed and took 
prisoners four hundred soldiers, while another body of 
people did the same with six hundred German merce- 
naries. On Wednesday Perrone made his appearance 
at the head of three hundred bandits partly mounted, 
and fired upon Masaniello, but without injuring him. 
The people rushed upon them, and they were killed 
almost without exception. Some confessed to having 
been instigated by Maddaloni, and a price was set upon 
his head. His brother Giuseppe Caraffa was found 
in a monastery and killed, and his head and foot were 
set up on pikes. A new elect of the people was chosen, 
Arpaia, who had been a partisan of Genovino’s in the 
duke of Osuna’s time, and had been condemned to the 
galleys. On Thursday Maddaloni’s house was plun- 
dered and his property placed in a heap in the market 
under guard. ‘The castle being short of provisions, 
Masaniello sent some as a present to the viceroy. The 
Neapolitan galleys, under Gianettino Doria, arrived 
the same day, and Masaniello refused permission to 
land or to come nearer than a mile to the shore, but 
sent provisions on board. In fact he was now undis- 
puted master of the city, not only organizing the mili- 
tary force in it with surprising ability, but dispensing 
strict though severe justice. Often he sat inside his 
little house on the market, sword or loaded gun in 
hand, while petitions and complaints were handed to 
him on the end of a pike through the window; yet he 
still went barefoot, dressed as a simple fisherman. The 
people having assembled consulted together on the 
terms of agreement; it was settled by the advice of 
Genovino that Masaniello should show the articles 
agreed on to the duke at the palace (he would not 
risk himself in the castle), and that the viceroy 
should afterwards swear to them in the cathedral. 
Towards evening the procession set out, Masaniello in 
a dress of cloth of silver pressed upon him by the 
archbishop. An immense concourse of armed men, 
estimated at one hundred and forty thousand, lined 
the way or accompanied him. Before them went a 
trumpet proclaiming Viva i172 di Spagna ed il fedelis- 
simo popolo di Napoli. Before entering the palace 
he exhibited the charter brought by the archbishop, 
and charged them not to lay down their arms till they 
had received the confirmation of their rights from the 
king of Spain. ‘If I do not return in an hour,” he 
added, ‘‘ wreck the city.’? He was received by the 
viceroy as an equal. All the conditions were agreed 
to, the chief being—that the elect of the people should 
have as many votes as the nobles; that all taxes should 
be removed except those already existing in Charles 
V.’s time; that the viceroy should get the articles 
ratified by the king within three months; that no 
punishment should be inflicted on those who had taken 
part.in the rising; and that the people should keep 
their arms till the ratification. On the Friday Masa- 
niello dismissed most of his followers to their work, 
keeping a patrol of four men and a corporal in each 
street. Next day the ceremony in the cathedral took. 
place; the duke of Canjano read the articles, Masa- 
niello meanwhile correcting and explaining, and the 
viceroy solemnly swore to observe them. ‘Then Masa- 
niello tore off his rich dress; it was time, he said, to 
return to his fish. And indeed from this time began 
his ruin. For aweek the care of a city, with hundreds 
of thousands of inhabitants, had rested upon him; he 
had been general, judge, legislator, and during the 
whole time he had hardly slept or eaten, the latter 
through dread of poison; no wonder if the fisherman’s 
brain reeled under all this. THis justice had been se- 
vere, but hitherto it had struck men who deserved 
punishment, the oppressor, the robber, the hired cut- 
throat; henceforth every one who ventured to contra- 
dict him risked his life, and the only man who could 
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oe him to mercy was the. good archbishop. Five 
undred in all, it is said, were put to death by his 
order; though it is probable that they were few com- 


pared to the lives taken a short time afterwards by the | 


viceroy in defiance of his plighted word. Next day in 
fact the duke set to work ; Genovino was made presi- 
dent of the chamber in order to detach him from Masa- 
niello, for which he was the more ready as Masaniello 
was no longer the tool he wanted. Genovino had al- 
ready prevented the demand for the surrender of St. 
Elmo, which could easily have been enforced, as the 
fort was not provisioned. Carlo and Salvatore Cata- 
neo with two others offered to the viceroy to murder 
Masaniello, and he welcomed their services. On Sun- 
day Masaniello gave orders for laying down arms and 
submitting to the viceroy, which were obeyed in some 
quarters of the city before they could be recalled. He 
tried in vain to get the viceroy to accompany him to 
Posilippo, where he drank deeply, and in reckless ex- 
travagance threw gold into the water to be dived for. 
Next day his violence continued; he struck his follow- 
ers in the street, and condemned several of his officers 
to death for not immediately executing his orders. He 
cut out the head from a picture of Maddaloni and set 
itonapike. Vitale his secretary, sent on a message 
to the viceroy, talked of his intention to raise a mil- 
lion ducats for the king by means of forced gifts from 
the rich ; Vitale was detained in the castle on some 


pretext, and on leaving next morning was killed by the | 


people of the quarter, who had returned to their alle- 
giance. On ae the 16th, the feast of 8. Maria 
del Carmine, Masaniello went-up into the pulpit, and 
in a wild harangue recapitulated his services. e 
knew, he said, his death was near at hand; then tear- 
ing open his dress he showed his body emaciated by 


fatigue and want of food. After some more wild talk | 


he was disarmed and confined in a cell in the monas- 
tery. There the quiet seems to have restored him; 
but his assassins soon broke in; he turned to meet 
them; five shots were at once fired, and he fell dead. 
His head was cut off and carried through the streets, 
while his body was dragged about for a while and then 
buried outside the city. Next day some boys went 
and dug up the body, washed it, and took the head 
from the guard in charge of it. The Neapolitans for- 
got the excesses of the last few days, and only remem- 
bered the leader who had won them their great vic- 
tory. People plucked out his hairs and preserved 
them as relics, some even prayed to him as a saint. 
All the priests of the city officiated at the funeral, and 
even the viceroy was represented by eight of his 
pages. (G. H. B.) 
MASAYA, a town in Nicaragua, Central America, 
on the east side of the Lake of Masaya, about 55 miles 
southeast of Managua, and 25 miles northwest of 
Granada. ‘The population, mostly of Indian blood, is 
estimated at 15,000 or 18,000; but, as nearly every house 


has its orchard or garden, the buildings are spread over. 


a much larger area than this would suggest. Previous 
to 1871, when asteam-pump was erected, all the water 
required had to be carried from the lake, which lies 
340 feet below the level of the town. The volcano of 
Masaya on the opposite side of the lake was active at 
the time of the conquest of Nicaragua in 1522, and the 
conquerors, thinking the lava they saw was gold, had 
themselves lowered into the crater at the risk of their 
lives; it had a great eruption in 1670, and began to 
smoke again in 1860. : 

MASCARA, a fortified town of Algeria in the pro- 
vince of Oran, 60 miles southeast of Oran, lies at a 
height of 1900 feet above the sea, on the southern 
slope of the first chain of the Atlas mountains, and oc- 
cupies two small hills separated by the Oued Toud- 
man. The walls, upwards of 2 miles in circuit, and 
strengthened by bastions and towers, give the place a 
somewhat imposing appearance; the French part of 
the town is substantial and clean; and among the 
public buildings are three mosques (one used as a 
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| church, another as a granary), a large hospital, a small 


theatre, and the usual establishments attaching to the 
seat of a sub-prefect and the centre of a military sub- 
division. A public garden of 10 acres has been laid 
out in the ravine. The population was 9442 in 1866, 
and 9240 in 1872. 


Mascara (i.e., place of soldiers) was the capital of a beylik 
during the Spanish occupation of Oran from the 16th to 
the close of the 18th century; but for the most of that 
period it occupied a site about 2 miles distant from the’ 
present position. On the removal of the bey to Oran its 
importance rapidly declined ; and it was quite an insignifi- 
cant place when in 1832 Abd-el-Kadir, who had been born 
in the neighborhood, chose it as the seat of his power. It 
was laid in ruins by the French under Marshal Clausel 
and the duke of Orleans in 1835, and, being again occupied 
by Abd-el-Kddir in 1838, was again captured in 1841 by 
Bugeaud and Lamoriciére. 


MASCARENE ISLANDS, or MAscArENnnAS, a 
group in the Indian Ocean to the east of Madagascar, 
consisting of Mauritius (He de France), Réunion 
(Bourbon), and Rodriguez. Mauritius and Rodriguez 
belong to Great Britain, Réunion to France. The 
collective title is derived from the Portuguese naviga- 
tor Garcia Mascarenhas, by whom Bourbon, at first © 
called Mascarenhas, was discovered in 1505. 

MASCARON, JuLEs, was born at Marseilles in 
1634, and died at his diocesan city of Agen in 1703. 
His father was an advocate, and he was himself in- 
tended for the law, but he preferred the church. As 
a member of the Oratorian congregation he preached 
in different provincial towns, beginning with Saumur, 
‘and in all produced a great effect. Then he went to 
Paris and quickly established his reputation at a time 
when the court, dissolute enough in manners, had 
already begun to exercise its connoisseurship in mat- 
ters of sacred eloquence. Several complimentary 
speeches of Louis XLV. to Mascaron are handed down 
by tradition. He was not, however, in the ordinary 
|} sense a courtier; or if'so he wasa very bold and adroit 
one. In Lent 1669 he preached before the king 
against adultery in the strongest terms. Hither from 
respect for him or to get rid of him Louis made him 
bishop of Tulle, but he still continued occasionally to 
preach and to deliver oraisons funébres before the 
court. His reputation for these was so high that the 
king not unfrequently indicated subjects to him himself. 
His crowning success in this way was his funeral ser- 
mon on Tnurenne in 1675. He was afterwards trans- 
lated to Agen, where he died, as has been said; but 
his appointment was not a banishment, and he was 
summoned more than once to preach before the court, 
notably in his sixtieth year, when Louis is said to have 
remarked to him, ‘* Votre eloquence n’a pas vieilli.”’ 
Mascaron, though the contemporary of Bossuet, be- 
longs to an older school of oratory. His style is une- 
qual, and his taste not always sure, but occasionally he 
has much vigor. Besides the Turenne address his 
funeral sermon on the chancellor Séeuier ranks as his 
chief perfurmance. ‘These, with other similar pieces, 
were collected and edited by Father Borde, a member 
of the author’s own congregation, in 1740. 

MASCHERONT, Lorenzo (1750-1800), an Italian 
geometer, was professor of mathematics at the univer- 
sity of Pavia, and published a variety of mathemati- 
cal works, the best-known of which is his Geometria 
del Compasso (Pavia, 1797), a body of constructive 
geometry in which the use of the circle alone is postu- 
lated. Many of the solutions are most ingenious, and 
some of the constructions of considerable practical im- 
portance. 


The English reader will find a copious extract from 
Mascheroni’s work in Leslie’s Geometry, 3d ed., p. 204. 
There is a French translation by Carette (Paris, 1798), who 
also wrote a biography of Mascheroni. 


MASINISSA, a Numidian prince whose history is 
closely intertwined with that of the wars between Rome 
and Carthage. With true barbarian fickleness, and a 
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keen eye to his own interests, he espoused now one 
side now the other, inclining however on the whole 
decidedly in favor of Rome, so much so indeed as to 
be spoken of by Roman orators and historians as ‘‘a 
most faithful ally of the Roman people.” He was 
the son of a Numidian king or chief, Gala, whose do- 
minions coincided with the eastern portions of Nu- 
midia, and thus bordered on Carthaginian territory, or 
what is now Tunis. He was educated, like many of 
the Numidian chiefs, at Carthage, learnt Latin and 
Greek, it is said, and was in short an accomplished as 
well as a naturally clever man. Although his king- 
dom was nominally independent of Carthage, it really 
stood to it in a relation of vassalage; it was directly 
under Carthaginian influences, and was imbued to a 
very considerable extent with Carthaginian civilization. 
It was to this that Masinissa owed his fame and 
suecess; he was a barbarian at heart, but he had a 
varnish of culture, and to this he added the craft and 
cunning in which Carthaginian statesmen were sup- 
posed to excel. While yet a young man, he drove his 
neighbor Syphax, prince of western Numidia, out of 
the country now known as Algiers, and torced him to 
fly to the Moors in the extreme west of Africa. Soon 
afterwards he appears in Spain, fighting for Carthage 
with a large force of Numidian cavalry against the 
Romans under the two Scipios. The defeat of the 
Carthaginian army in 206 B.c., which for a time at least 
ave the Romans complete mastery of the south of 
pain, led him to desert his old allies and to cast in 
his lot with the fortunes of Rome. The famous Scipio 
Africanus is said to haye cultivated his friendship 
and done all he could to secure his services for his 
country. Masinissa now quitted Spain for a while for 
Africa, and was again engaged in a war with Syphax, 
in which he was so decidedly worsted that he found 
himself at last merely the head of a small band of 
marauders, and was obliged to confine his movements 
to the coast. Scipio's arrival in Africa in 204 gave 
him another chance, and no sooner had he joined the 
Roman general than he quite crushed his old enemy, 
Syphax, and captured Cirta (Constantineh), the eapi- 
tal of Syphax. Here occurs the romantic story of 
Sophonisba, daughter of the Carthaginian Hasdrubal, 
who had been promised in marriage to Masinissa, but 
who had subsequently become the wife of Syphax. 
Masinissa, it is said, wedded her immediately after his 
victory, but was required by Scipio to dismiss her as a 
Carthaginian, and consequently an enemy to Rome. 
To save her from such humiliation he sent her a poison, 
with which she destroyed herself. Masinissa was now 
accepted as a thoroughly loyal ally of Rome, and was 
confirmed by Scipio in the possession of his hereditary 
kingdom. In the decisive battle of Zama, 202 B.c., 
which witnessed Hannibal’s downfall, he commanded 
the cavalry on Scipio’s right wing, and materially 
assisted the Roman victory. For his services on that 
great day he had giyen him, under a treaty with Rome, 
the kingdom of Syphax with its capital Cirta, and thus 
under Roman protection he became master of the 
whole of Numidia, and his dominions completely en- 
closed the Cartharginian territories, now straitened 
and reduced at the close of the Second Punic War. 
Masinissa was still far from satisfied, and it would 
seem that he almost had thoughts of annexing Carthage 
- itself with the connivance of Rome. He spared no 
opportunity to harass and annoy the city by pressing 
unfair claims to some of its best and oldest possessions, 
and threatening perpetual encroachments. In a war 
which soon followed he was successful; the remon- 
strances of Carthage with Rome on the behavior of 
their ally were answered by deputing Scipio to arbitrate 
in the quarrel, but, as though intentionally on the part 
of Rome, no definite settlement was arrived at, and 
thus the relations between Masinissa and the Cartha- 
inians were still unfriendly. Rome, it is certain, 
fatbarataly favored her ally’s unjust claims with the 
view of keeping Carthage weak. Masinissa too was 
. 
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cunning enough to retain the friendship and good 
opinion of the Roman people by helping them with 
liberal supplies in their wars in the Hast, with Perseus 
of Macedon and with Antiochus. As soon as Carthage 
seemed to be recovering herself, and some of Masin- 
issa’s partisans were driven from the city into exile, 
his policy was to alarm the fears of Rome, till at last, 
in 149, war was declared, the Third Punie War, which 
ended in the final and utter overthrow of Carthage. 
The king bore some part in the negotiations which 
preceded the war, and died soon after its commence- 
ment in 148 B.c., after a life of ninety and a reign of 
sixty years. : 


Masinissa was an able ruler and a decided benefactor to 
Numidia, the resources of which he developed, while he 
converted a people which had been little better than a 
plundering tribe into a settled and civilized population, . 
and out of robbers and marauders made efficient and dis- 
ciplined soldiers: To his sons he bequeathed a well-stored 
treasury, a formidable army, and even a fleet. Cirta, his 
capital, became a famous centre of Pheenician civilization. 
In fact Masinissa changed for the better the whole aspect 
of a great part of northern Africa. He had much of the 
Arab nature, was singularly temperate, and equal to any 
amount of fatigue. His fidelity to Rome was not the fidel- 
ity of principle, but merely that of temporary expediency ; 
it is in the really good work he did for his country that 
the noblest side of his character comes into display. 

For Masinissa, Livy and Sallust’s Jugurtha must be specially con- 
sulted by scholars. English readers may be referred to a very full 
article in Smith’s Dictionary of Classical Biography ; also to Momm- 
sen's History of Rome and Niebuhr's Lectures. 


MASK, or MASQUE. See Drama, vol. vii. p. 
373 sq. 

MASKELYNE, Nevit (1732-1811), astronomer- 
royal at Greenwich for nearly half a century, was born 
in London, October 6, 1732. The great solar eclipse 
of 1748 seems to have made a deep impression upon 
him; and after studying divinity at Trinity College, 
Cambridge, of which he was elected a fellow in 1756, 
he determined to devote himself wholly to astronomy. 
He early became intimate with Bradley, and in 1761 
was deputed by the Royal Society to make observations 
of the transit of Venus at St. Helena. During the 
voyage he introduced into navigation the determina- 
tion of longitude by lunar distances, a method which 
Mayer’s recently published tables had made practically 
possible. In 1763 he undertook a voyage to Barbados 
to test Harrison’s watches, which, however, he reported 
to be inferior to the method of lunars for determining 
longitude. In 1765 he succeeded Bliss as astronomer- 
royal, and thereafter devoted himself with singular 
energy to the duties of his office, which he held till his 
death, February 9, 1811. 


Maskelyne’s first contribution to astronomical literature 
was “ A Proposal for Discovering the Annual Parallax of 
Sirius,” published in 1760 in the Philosophical Transactions, 
in which also most of his later original memoirs appeared 
—e.g., his observations of the transit of Venus (1761 and 
1769), observations on the tides at St. Helena (1762), astro- 
nomical observations at St. Helena (1764) and at Barbados 
(1764). In 1763 he published a small octavo, The British 
Mariner’s Guide, which contains the valuable suggestion 
that, in order to facilitate the finding of longitude at sea, 
lunar distances should be calculated beforehand for each 
year and published in a form accessible to navigators. This 
suggestion, the germ of the Nautical Almanac, was approved 
of by the Government, and under the care of Maskelyne the 
Nautical Almanac for 1767 was published in 1766. During 
the remainder of his life Maskelyne continued to superin- 
tend the publication of this invaluable annual, the Nautical 
Almanac for 1815 being the last which he prepared. An- 
other valuable service which he rendered astronomy was 
his inducing the Government to print his observations an- 
nually. Flamsteed’s and Bradley’s observations had been 
private property, and were published as such. The result 
of Maskelyne’s action was the accumulation and rapid dis- 
semination of a long series of observations which from their 
continuity and accuracy have been of inestimable value to 
astronomers, and form along with the Nautical Almanac his 
most lasting monument. The whole work of the obsery- 
atory was carried on by him and his one assistant in a. 
most methodical manner, Greenwich being in point, of 
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organization second to none amongst the observatories of 
the day. He introduced several improvements in the use 
of the instruments, being, for example, the first astronomer 
who measured to tenths of a second; and he prevailed upon 
the Government to replace Bird’s mural quadrant, which 
had become untrustworthy, by a repeating circle of 6 feet 
in diameter. The new instrument was constructed by 
Troughton; but Maskelyne did not live to see it com- 
pleted. In 1772 he suggested to the Royal Society the 
famous Schehallion experiment for the determination of 
the earth’s density. Forty years previously Bouguer had 
demonstrated by experiment that Chimborazo in South 
America affected the direction of the plumb-line quite 
appreciably ; but his observations were not made with suf- 
ficient care to deduce therefrom any trustworthy result. 
Maskelyne’s experiments were made in 1774 (see Philoso- 
phical Transactions for 1775), the apparent difference of lati- 
tude between two stations on opposite sides of the mountain 
being compared with the real difference of latitude obtained 
by triangulation. From Maskelyne’s observations Hut- 
ton deduced by laborious calculations that the density of 
the earth was 4.5 times that of pure water. Playfair sub- 
sequently estimated with greater accuracy the mass of 
Schehallion, and obtained 4.7 for the earth’s mean density. 
Maskelyne also took a great interest in various geodesical 
operatious, notably the measurement of the length of a 
degree in latitude in Maryland and Pennsylvania (Philoso- 
phical Transactions, 1769), which was carried out by Mason 
and Dixon in 1766-68, and later the determination of the 
relative longitude of Greenwich and Paris (Philosophical 
Transactions, 1787). Cassini, Legendre, and Méchain con- 
ducted the triangulation on the French side; on the Eng- 
lish side the work was carried on under the superinten- 
dence of General Roy. This triangulation was the begin- 
ning of the great trigonometrical survey which has since 
been extended all over the country. A volume of Selections 
(London, 1812) contains several papers that were published 
by Maskelyne as additions to the Nautical Almanac, His 
observations fill three large folio volumes, and many of 
them were reprinted in Vince’s Astronomy. 

MASKINONGE. See Prxrn. 

MASOLINO DA PANICALE — (1383-c.1440). 
The life and art-work of this Florentine painter were 
related by Vasari in a form which is partly demon- 
strated and partly inferred to be highly incorrect. We 
shall follow the account supplied, and in many respects 
carefully vouched, by Messrs. Crowe and Cavaleaselle. 

Masolino (a name which corresponds to ‘Tommy ’’) 
was said to have been born at Panicale di Valdelsa, 
near Hlorence. It is more probable, however, that he 
was born in Florence itself, his father, Cristoforo Fini, 
who was an “‘imbiancatore’’ or whitewasher, having 
been domiciled in the Florentine quarter of 8. Croce. 
There is reason to believe that Tommaso, nicknamed 
Masolino, was a pupil of the painter Starnina, and was 

rincipally influenced in style by Antonio Veneziano ; 
he may probably enough have become in the sequel 
the master of Masaccio. His birth took place in 1383 ; 
his death later than 1429, perhaps aslateas 1440. The 
only works which can with certainty be assigned to 
him are a series of wall paintings executed towards 
1428, commissioned by Cardinal Branda Castiglione, 
in the church of Castiglione d’Olona, not far from 
Milan, and another series in the adjoining baptistery. 
The first set is signed as painted by ‘‘ Masolinus de 
Florentia.”’ It was recovered in 1843 from a coating 
of whitewash, and is not a little damaged ; its subject- 
matter is taken from the lives of the Virgin and of Sts. 
Lawrence and Stephen. The series in the baptistery 
relates to the life and death of John the Baptist. ‘The 
reputation of Magolino had hitherto rested almost. en- 
tirely upon the considerable share which he was sup- 
pe to have had in the celebrated frescos of the 

rancacei chapel, in the church of the Carmine in 
Florence ; he was regarded as the precursor of Masac- 
cio, and by many years the predecessor of Filippino 
Lippi, in the execution of a large proportion of these 
works. Now, however, from a comparison of the 
Castiglione with the Brancacci frescos, and from other 
data, it is greatly doubted whether Masolino had any 
hand at all in the latter series. Possibly he painted in 
Brancacci chapel certain specified subjects which are 
now either destroyed or worked over. Of other and 
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still existing subjects, hitherto assigned to Masolino 
on the authority of Vasari and later writers, the 
authorship is now more reasonably ascribed to Masac- 
cio,—except only that one compartment, that which 
represents in one half Peterreviving Tabitha (or curing 
Petronilla), and in the other half Peter and John 
healing a cripple, remains in suspense between 
Masaccio and Masolino. In the Castiglione frescos 
there is some tenderness of expression, and the nude 
figures are studied with an amount of care superior to 
their epoch; generally the parts are well made out, 
but without unity of composition, or mastery of per- 
spective, or of contrast and chiaroscuro. ‘lhe merit of - 
these works is not to be compared with that of the 
Braneacci frescos, unless in the single instance above 
excepted. 

The now ascertained facts of Masolino’s life are that 
towards 1423 he entered the service of Filippo Scolari, 
the Florentine-born obergespan of ‘Temeswar in Hun- 
gary, that he stayed in consequence some time in that 
country, and that, returning towards 1427 to Italy, he 
painted the works in Castiglione. Thus he resettled 
in Lombardy, not in Florence; nor is there anything 
e show that he returned to his Tuscan home at a later - 

ate. 

MASON, Francis (1799-1874), an American mis- 
sionary, son of ashoemaker in York, Kngland, was born 
April 2, 1799. After emigrating to the United States 
in 1818, he practised there the trade he had learned 
from his father; but, having studied languages with 
his minister at Canton, Massachusetts, he in 1827 
entered the Newton theological institution. Im 1830 
he was sent by the American Missionary Union to 
labor among the Karens in Burmah, where he trans- 
lated the Bible into two dialects of their language, and 
also conducted a training college for native preachers 
and teachers. In 1852 he published a book of great 
value on the fauna and flora of British Burmah, of 
which an improved edition appeared in 1860 under the 
title Burmah, its People and Natural. Products. He 
was also the author of a grammar and vocabulary of 
the Pali language, besides various translations from it 
and other Indian dialects. He died at Rangoon, 
March 3, 1874. See his autobiography, The Story of 
a Working Man's Life, with Sketches of Trawel, 1870. 

MASON, Grorcr Hemmina (1818-1872), A.R.A., 
was born at Whitley, in 1818, the eldest son of a 
Staffordshire county gentleman. Intended for the 
medical profession, he studied for five years under Dr. 
Watt of Birmingham; but he had no taste for sci- 
ence; all his thoughts were given to art. In 1844 he 
abandoned medicine and travelled for a time on the 
Continent, visiting France, Germany, and Switzerland, 
and finally settling in Rome. His pencil was busy with 
the picturesque scenery that surrounded him, and with 
hardly any instruction, except that received from na- 
ture and {rom the Italian pictures that met his eye, he 
evadually acquired the painter’s skill. At least two 
important works are referable to this period, —Plough- 
ing in the Campagna, shown in the Royal Academy 
of 1857, and In the Salt Marshes, Campagna, exhib- 
ited in the following year. After Mason’s return from 
the Continent, in 1858, when he settled at Wetley 
Abbey, he continued to paint Italian subjects from 
studies made during his foreign tour, and then his art 
began to touch, in a wonderfully tender and poetic 
way, the peasant life of his native England, and espe- 
cially of his native Staffordshire, and the homely land- 
scape in the midst of which that life was set. The 
first picture of this class was Wind on the Wolds, and 
it was followed—along with much else—by the 
painter’s three greatest works, the Hvening Hymn, 
1868, a band of Staffordshire mill-girls, seen, their fig- 
ures dark against the sunset, returning from their 
work, singing as they walk; Girls Dancing by the Sea, 
1869; and the Harvest Moon, 1872. Mason had long 
suffered from heart disease, which carried him off on 
the 22d of October, 1872. In his work he laboged 
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under the double disadvantage of feeble and uncertain 
health, and a want of thorough art-training, and con- 
sequently his pictures were never produced easily, or 
without strenuous and lung-continued effort. His art 
is great in virtue of the solemn pathos which pervades 
it, of the dignity and beauty which it reveals in rustic 
life, of its keen perception of noble form and graceful 
motion and of rich effects of color and subdued light. 


_ In motif and treatment it has most in common with 


) 
W. Chambers in 1773, and 


the art of Millet and Jules Breton, and of Frederick 
Walker among Huglishmen. An interesting collection 
of Mason’s pictures was brought together by the Bur- 
lington Club shortly after his death. 

ASON, Wiitam (1725-1797), was about the 
beginning of the last quarter of the 18th century one 
of the most eminent of living poets, but his eminence 
was owing to the lowness of the poetic level at the 
time. He is now held in remembrance, not by his 
poetry, but by his having been the friend, the literary 
executor, and the biographer of Gray. Born in 1725, 
the son of a Yorkshire clergyman, entered of St. 
John’s College, Cambridge, in 1742, he took his 
bachelor’s degree in 1745, and seems to have at once 
decided steadily on a literary career, reading little or 
nothing, Gray says, but writing abundance. Pope died 
in 1744, and the aspiring young poet lamented him 
as ‘‘Museeus”’ in a careful imitation of Milton’s 
Lycidas, showing an ear for the music of verse and 
considerable skill in weaving words together, but not a 
spark of original force. By his Musceus (1747) 

ason attracted the notice of Gray, and through his 
influence was elected a fellow of Pembroke College. 
Mason was Gray's attached friend, admirer, and poeti- 
cal pupil to the end of the greater poet’s life. More 
fancy than judgment, and indolence in reading, were 
the chief faults that Gray found in his young friend. 
With his usual penetration, Gray discerned the defects 
of intellect that lie at the root of the weakness of 
Mason’s poetry. He was painstaking enough and 
more than enough with his verses, his epithets, his 
ete his figures of speech, his rhymes ; but he was 

eficient in energy of thought, his intellectual grasp 
was feeble, and he accepted and polished the easy sug- 
gestions of fancy instead of exerting himself’ to find 
exact expression for his subject. For a modest youth, 
as Gray describes him, he formed a great ambition, 
nothing less than the reconciliation of the modern with 
the ancient drama, to be effected by the strict obser- 
vance of the unities and the restoration of the chorus. 
His “frida, a tragedy published in 1752 in pursuance 
of this ambition, is constructed elaborately upon deeply 
considered principles, but the principles are drawn 
from pedantic books and not from the dramatic 
needs of men, as may be judged from the dramatist’s 
opinion that Shakespeare, ‘‘in compliance merely with 
the taste of the time, showed a disregard of all the 
necessary rules of the drama.’’ d/rida is highly 
‘incorrect ’’ in two respects—one venial in a play, the 
other fatal ; it abounds in anachronistic allusions and 
moral improbabilities. Mason’ssecond attempt, Carac- 
tacus (published in 1759), is much stronger in construc- 


‘tion and situation, but he did not possess the rare art 


of making his characters speak out of their own 
thoughts; they only speak as Mason the poet might 
have done in their circumstances if his fancy had been 
quite cool. Both Lifrida and Caractacus were acted 
in 1776, when Mason had made a considerable reputa- 
tion by his Mnglish Garden (a poem in blank verse, 
first book published in 1772), his Heroic Epistle to Sir 
his Memoirs of Gray in 
1775. The plays were not successful ; Mason did not 
expect success ; his plays were intended to be read as 
poems. The manager perhaps had hopes from the 
novelty of the choruses of Saxon maidens and Druids. 
The second book of the English Garden was issued in 
1777, the third in 1779, the fourth in 1782. Mason 
took orders in 1754, and soon afterwards was presented 
to the vicarage of Ashton in Yorkshire, the canonry of 
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York, the prebend of Driffield, and the precentorship 
of York cathedral. Ashton was his residence till his 
death in 1797. 

MASON AND DIXON’S LINE, a line in the 
United States between Pennsylvania on the north and 
Delaware, Maryland, and West Virginia on the south, 
coinciding with 39° 43’ 26.37 N. lat., and famous for a 
long time as the limit between the ‘‘free’’ and the 
‘slave’ States. It derives its name from Charles 
Mason, F.R.S. (1730-87), and Jeremiah Dixon, two 
English astronomers who, between 1763 and 1767, sur- 
veyed the line tor 244 miles west from the Delaware 
river, leaving only 36 miles of the Pennsylvania boun- 
dary to be fixed in 1782-84. This line must not be 
confounded, as has often been done, with the parallel 
of 36° 807 N. lat., which was assigned by the ‘* Missouri 
compromise’ of 1820 as the limit to the north of 
which slavery could not be introduced. 

MASS. See Eucuarist and Missat. 

MASSA, or, to distinguish it from several places of 
the same name, MAssA CarraRA, a city of Italy, the 
chief town of the province of Massa, lies on the left 
bank of the Frigido, a small stream falling into the 
Gulf of Genoa about 3 miles lower down. It is 784 
miles southeast of Genoa by rail, and 26 miles north 
of Pisa. The ancient part of the city stands on a hill. 
Among the objects of interest it is sufficient to men- 
tion the old ducal palace, the new cathedral (erected 
instead of the building destroyed by Elisa Bacciocchi 
because it interfered with the view from the palace 
windows), the technical school, and the academy of 
science and literature, originally known as Dei Dere- 
litti. Like Carrara, Massa is largely engaged in the 
marble trade ; italso manufactures silk, oil, and paper. 
The population of the city was 4786 in 1871; that of 
the commune was 15,017 in 1861 and 18,031 in 188). 


Massa is first mentioned in the 9th century. About the 
close of the 10th it was bestowed by Otho the Great on the 
bishops of Luni, and in consequence it came to be distin- 
guished for a time as Massa Lunense. From the bishops it 
passed to the marquises of Luni (hence Massa del Marchese), 
and more particularly to a branch of the Malaspina family. 
After a period, in which Lucca, Pisa, the Visconti, the 
Fieschi, and others were successively in possession it re- 
turned, under Florentine protection, to Alberico Malaspina, 
and finally through the marriage of Ricciarda Malaspina 
with Lorenzo Cybo became (1519) Massa Cybea. Raised un- 
der Alberico Cybo from being little better than a feudal 
village to the rank of a fortified town, Massa was in 1568 
made the capital of a principality by Maximilian IL, and 
in 1664 the capital of a duchy by Leopold I. By the mar- 
riage of Maria Teresa dei Cybei with Duke Ercole ITI. of 
Modena it passed to the Este family ; and after the period 
of the French Revolution, during which it formed part ef 
the duchy of Lucca assigned to Napoleon’s sister and 
brother-in-law, it was restored by the congress of Vienna 
to Beatrice, duchess of Modena. Massa was made an epis- 
copal see only in 1828, though the design of giving it this 
dignity had been entertained and almost realized in 1757. 
The total area of the duchy of Massa and Carrara was 62 
square miles, of which 35 belonged to Massa. 

See Repetti, Diz. della Toscana; Viani, Memorie della famiglia 
Cybo; Musellini, Ricciarda Malaspina e Lorenzo Cybo; and Farsetti, 
Ragion. storico int. della cittd di Massa, 


MASSACHUSETTS. 
Copyright, 1882, by Justin Winsor. 


ASSACHUSETTS, an Indian name originally 
applied to a small hillock bordering ete 
on Boston Harbor, and thence to a neigh- Pick 
boring tribe of Indians. It is the chief political divi- 
sion of New England, and one of the original thirteen 
States of the American Union. It lies for the most 
part between 40° and 42° 45’ N, lat., and 70° 30’ and 
73° 30’ W. long. 

Physical Description. —Its area, of about 7800 
square miles, forms in the main a parallelogram, of 
160 miles east and west, 50 miles north and south,— 
with a projection at. the southeast and a lesser one at 
the northeast, which gives a breadth of 90 miles ‘at 
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this part, where it borders upon the ocean, while the 
general irregularity of this coast-line gives a sea front- 
age of about 250 miles. No large navigable river flows 
in any part, though the Connecticut river, bisecting 
the State during 50 miles of its course, and fed within 
it by several lateral streams, has been made navigable 
for small craft. The Housatonic, a lesser stream, flows 
parallel with the Connecticut, farther west. ‘he two 
valleys are separated by the Hoosace range (1200 to 
1600 feet high) of the Berkshire Hills, a part of the 
Appalachian system, and a continuation of the Green 
Mountains of Vermont. These, with the Taconic 
range on the western side of the Housatonic valley, of 
which the highest peak is Greylock, or Saddleback 
(almost 3500 feet), in the extreme northwest corner of 
the State, form the only considerable elevated land. 
Bordering on the Connecticut, Mount Tom (1200 feet) 
and a few other hills form conspicuous landmarks. 
Wachusett (2018 feet), farther east, rises from a level 
country. The Blue Hills in Milton are the nearest 
elevation to the coast, and are conspicuous to naviga- 
tors approaching Boston. 

The Merrimac runs for 35 miles through the north- 
east corner of the State, and affords valuable water 
power at Lowell, Lawrence, and Haverhill. <A few 
small streams, useful for mill purposes and irrigation, 
seek the ocean through Boston, Buzzard’s, and Nar- 
ragansett Bays, running for the most part through a 
rolling country. The southeast parts of the State are 
level,—with a slightly elevated ridge (Manomet) south 
of Plymouth,—sandy in soil, with tracts of forest, 
largely white pine, and well watered by ponds. Be- 
tween Plymouth and Buzzard’s Bay there is the most 
considerable region of untamed soil in the State, where 
deer are occasionally seen. 

South of Cohasset the shore is sandy, with a few iso- 
lated rocky ledges and boulders. About Boston, and 
to the north of it, the shore is rocky and _ picturesque. 
Massachusetts Bay is a name now applied to the gulf 
of which the outer limits are Cape Cod and Cape Ann; 
but in early days it was applied to the inclosed lesser 
bay on its western side, now called Boston Harbor, the 
finest roadstead on the coast. The extreme hook of 
the Cape Cod peninsula forms Provincetown Harbor, 
which is an excellent and capacious port of refuge for 
vessels approaching Boston. Salem Harbor is the 
most considerable other haven on the bay; while on 
Buzzard’s Bay New Bedford has a good harbor. 

The principal islands lie off the southern coast. The 
largest is Martha’s Vineyard, 21 miles long, with an 
average breadth of 5 or 6. It has in Holmes’s Hole a 
spacious harbor, much frequented by wind-bound yes- 
sels seeking a passage round Cape Cod. The island is 
interesting as the scene of Mayhew’s missionary efforts 
among the Indians, and it still harbors a remnant of a 
tribe. It has a population (4300 in 1880) formerly de- 
ay wholly upon the sea; and of late years it has 

ecome a summer resort of much popularity. Farther 
east, Nantucket, an island of triangular shape, 15 
miles long and 11 wide at its eastern end, is likewise 
the home of a seafaring folk (population in 1880, 
3727), who still retain in some degree primitive habits, 
though summer visitors are more and more affecting 
its life. Nantucket shoals, southeast of the island, is 
a large sandbank dangerous to navigation. 

Flora and Fauna.—The original native trees and 

lants did not vary from what is common to New 
ae ee and northern New York. The presence of a 
dense population has driven some out, and brought in 
others, meluding some noxious weeds. The larger 
wild animals have disappeared except an occasional 
deer ; but small game stillruns, and even within the 
municipal limits of Boston wild foxes are occasionally 
killed. No very large birds frequent the State, 
though a stray eagle is sometimes seen. Reptiles of a 
harmless kind are found, and three kinds of venomous 
snakes,—the latter even near Boston, particularly in 
the Blue Hills of Milton. Fish are abundant on the 
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coast, and the cod is sometimes used as an emblem of' 
the State, a figure of one hanging in the Representa: 
tives’ Chamber at the State House. ‘The artificial 

ropagation and preservation of salmon and other edi- 
ble pond and river fish have been of late carried on 
successfully under the supervision of a State commis- 
sion. 

Geology.—Professor N. 8. Shaler, of Harvard Uni- 
versity, says: ‘‘ Geologically as wellas topographically, 
the State is divided into four districts, which extend 
farther than the State limits. In the southeastern 
part the whole of Cape Cod and Plymouth county is 
made up of rearranged glacial drift. Westward, from 
the shore region to the Connecticut, the rocks are of 
the Laurentian, Cambrian, and Carboniferous ages. 
The Connecticut river flows through a basin of Tri- 
assic rocks, abounding in reptilian footprints. West 
of this basin, to the New York line, the surface is 
occupied by an extensive series of highly metamor- 
phosed rocks, the age of which is doubtful; but the 
series is certainly as old as the Silurian. ‘he whole 
surface of the State was greatly affected by the last 
glacial period, as much so as Scotland or Sweden, 

‘*The economic resources are limited. An area of - 
about 250 square miles in the southeastern part of the 
State shows Carboniferous rocks, containing several 
coals. The deep drift coating, the profoundly dislo- 
cated character of the beds, and the graphitie nature 
of the coals have made mining unsucessful. Mines of 
silver-bearing lead have at times been worked in the 
northeastern shore districts, and in the Connecticut 
valley, but without profit. Hmery is now successfully 
worked in the western district. There are also deposits 
of hematite iron ores all along the border of New 
York, which are considerably worked. There are 
numerous quarries of sienite in the eastern parts of the 
State, some of red sandstone in the Connecticut valley, 
and of white marble in the western regions.”’ 

OClimate.—The climate is a trying one, showing great 
extremes (20° Fahr. below and 100° above), with 
about 42 inches of rainfall. The mean average tem- 
perature of Boston is 48° Fahr. In the interior it is a 
trifle lower. Changes are often sudden, and the pas- 
sage from winter to summer is by a rapid spring. The 
ocean tempers the climate considerably on the sea- 
board. Boston harbor has been frozen over in the 
past, but steam-tugs plying constantly prevent now the. 
occurrence of such obstruction. 

Agriculture.—The soil, except in some of the valleys, 
can hardly be called naturally fertile; and sandy bar- 
rens are common in the southeastern parts. High cul- 
tivation, however, has produced valuable market-gar- 
dens about Boston and the larger towns ; and industry 
has made the tilling of the earth sustaining in most 
other parts; while the average sterility of the soil 
has doubtless had a strong influence in developing a 
sturdy yeomanry in the rural regions. 

In 1875 671,131 tons of hay were cut. On the 
seaboard some extensive salt marshes yield a hay 
which is much prized. The corn crop diminished 
one half from 1855 to 1875. The State produced in 
1880 1,797,593 bushels of Indian corn, 15,768 of 
wheat, 645,159 of oats, 80,128 of barley, 213,716 of rye, 
67,117 of buckwheat. In 1879 the average cash value 
per acre of principal farm-crops was $26.71, which 
amount is exceeded only in Rhode Island. In the Cou- 
necticut valley tobacco is grown, 3358 acres being given 
to it in 1880, producing 5,369,436 tb, which gives the . 
State the thirteenth rank in the Union. In forty 
years the sheep have fallen from 384,614 to 65,123 
in 1880; and in the same year there were 139,861 
horses and 174,859 cows. In 1880 there were 38,406 
farms, of which 35,266 were owned by occupants. 
Most of them were between 20 and 500 acres each, 
nearly 12,000 having over 100 acres. 

The Population and its Condition.—The State is divided 
into twelve congressional districts, each entitled to one rep- 
resentative in the Federal Congress, and representing from 
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151,000 to 181,000 inhabitants. It is divided also into 346 
towns, and these are grouped into 14 counties, with an ag- 
gregute in 1880 of 1,783,085 inhabitants, of whom the native- 
born are 1,339,594, and the foreign-born 443,491. This 
population was divided into 379,710 families, living in 281,- 
188 dwellings, with nearly 222 persons to the square mile, 
and less than an average of 3 acres to each person. Nearly 
every fifth person is a voter. The total vote in the presi- 
dential campaign of 1880 was 282,512. The number of per- 
sons born within Massachusetts, and living in 1880 out of 


- the State, but within the limits of the United States, was 


1,356,295. The population at past censuses has been— 


Homers. 878787 | 1840. . 737,699 
1800 . 422,845 | 1850... . 994,514 
iero 8; . . 472040 | 1860 .-. 1,231,066 
1820 523,159 | 1870 1,457,351 
1830 610,408 | 1880 1,783,085 


There were, in 1880, 31 cities and towns of over 10,000 in- 
habitants. 

Births and Deaths.—It is calculated that to every 1000 in- 
habitants the births are more than 23, the marriages about 
8, the deaths 183, the excess of births over deaths being 
nearly 5. In 1880 44,217 were born, and 15,538 couples 
were married, while 35,292 persons died, at an average age 
of thirty-two years. Taking persons over twenty years of 
age, the deaths in 3738; years were 187,264, with an average 
age of 51.42. During sixteen years the average age at death 
of all conditions was 30.18 years. In twenty years the birth- 
rate to 1000 persons was 26.2, the death-rate 19,7. 

Health—A board of health, lunacy, and charity super- 
vises the public hygiene, and the institutions for the insane 
and paupers. By their reports of 1880 it appears that the 
prominent causes of death are for the ages from birth to 
five—diarrhea, diphtheria, pneumonia, scarlet fever, and 
obscure diseases of the brain and intestines; from five to 
ten—infectious diseases and obscure diseases of childhood ; 
from ten to fifteen—diphtheria, consumption, and typhoid 
fever; from fifteen to twenty—consumption and typhoid 
fever; from thirty upward—pneumonia and heart disease, 
with cancer from forty to sixty. Paralysis and apoplexy 
gain after forty, and after seventy the greatest portion die 
of old age. The twelve principal causes of fatality in all 
ages are placed in this order:—consumption, pneumonia, 
diphtheria, heart disease, old age, cholera infantum, pa- 
ralysis, cancer, scarlet fever, cephalitis, bronchitis, and apo- 
plexy; and by these disorders 60 per cent. of all deaths 
occur. Intermittent fever was known in the earlier his- 
tory of the State, but in this century, before 1877, was prac- 
tically unknown, except in the form of an occasional epi- 
demic; but since that date it has made rapid progress in 
the western parts. 

Paupers.—Other tables of the same board show that in 
July, 1889, 19,318 paupers were receiving, wholly or in part, 


‘local or State support; and the same was true of about 3000 


insane persons. The average number of inmates of these 
charitable establishments (State, city, and town) in 1880 
was 7467 persons. At public and private insane asylums 
there were 4398 cases within the year. 

Immigration—The immigrants from Europe during the 
year ending September 30, 1880, were 33,636 in number, of 
whom one-third were Irish, and the males in comparison 
with the females were as 18 to15. A large part of this in- 
flux merely passed through the State to the west. 

Business and Finance ; Commerce and Manufactures.—Up to 


1830 the commerce of the State found various outlets besides 


Boston; but since then this city has more and more ab- 
sorbed the whole foreign trade. The whaling business still 
yemained to other ports, and at one time gave occupation 
toa thousand ships. The introduction of petroleum gradu- 
ally diminished this resource of the lesser port 

The packing of pork and beef was formerly centred in 
Boston; but while now a similar business tenfold as large 
is done, it has been greatly exceeded in the west. For 
many years Massachusetts controlled a vast lumber trade, 


_ drawing upon the forests of Maine, but the growth of the 


west has changed the old channels of trade, and Boston 
carpenters now make large use of western lumber. The 
American trade with China and India was begun in Salem, 
and was next controlled in Boston, till this also was lost 
some years ago to New York. In commercial relations the 
chief port of Massachusetts attained its highest influence 
about forty years ago, when it was selected as the American 
terminus of the first steamship line (Cunard) connecting 
England with the United States, but Boston lost the com- 
mercial prestige, then won, by the failure of the State to 
develop railway communication with the west, so as to equal 
the development effected by other cities. It was between 
1840 and 1850 that the cotton manufactures of Massachu- 
setts began to assume large proportions; and about the same 
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time the manufacture of boots and shoes centred here, and 
has ever since maintained its prominence, much more than 
one-half of all boots and shoes manufactured in the country 
being the product of this State. Again, ice and granite 
became important articles of export; and Quincy granite, 
from 1849, was sent to various southern ports, having an 
importance as a building-stone which it has hardly lost now, 
with the later multiplication of varieties of such stones. 
Medford ships began to be famed shortly after the begin- 
ning of the century, and by 1845 that town employed one 
quarter of all the shipwrights in the State. From 1840 to 
1860 Massachusetts-built ships competed successfully for the 
carrying trade of the world, Before 1840, 500 tous made a 
large ship, but after the discovery of gold in California the 
size of ships increased rapidly, and the lines of their models 
were more and more adapted to speed. The limit of size 
was reached in an immense clipper of 4555 tons, and the 
greatest speed attained in a passage from San Francisco to 
Boston in seventy-five days, and from San Francisco to 
Cork in ninety-three days. The development of steam 
navigation for the carrying of large cargoes has driven this 
fleet from the sea, Hardly 18 per cent. of the exports and 
imports through Massachusetts is now carried in American 
bottoms. The grain elevators, which pour corn in bulk 
into ships at Boston to-day for European markets, are the 
result of the first attempt at such transportation, made in 
1843, when citizens of Massachusetts sent corn to starving 
Ireland. 

Coastwise steam lines, supported by Massachusetts capital, 
had run to Philadelphia and Baltimore for some years be- 
fore the civil war broke up other less successful ones, which 
had connected ports farther south. When the war and 
steam navigation put an end to the supremacy of Massa- 
chusetts wooden ships, much of the capital which had been 
employed in nayigation was turned into developing rail- 
road facilities, and coastwise steam lines. An eflort to 
establish a European steam line failed. In 1872 the great 
fire in Boston, destroying $72,000,000 worth of property, 
made large drains upon the capital of the State, and several 
years of depression in business followed, to be succeeded by 
an era of business prosperity still continuing. The imports 
of Bostou—practically of Massachusetts—for 1880 were 
$68,649,664 ; the exports, $69,178,764. In 1880, 322 steam- 
ships sailed from Boston fur European ports. In 1880, 180 
steam-craft were owned in Massachusetts, with a capacity 
of 48,917 tons. Massachusetts had in 1880 a fleet of 376 sail 
of cod-fishing vessels, manned by 4185 men,—three-quarters 
of all belonging to one port, Gloucester. In mackerel catch- 
ing 239 vessels are employed. In 1882, 20,117 persons were 
actively engaged in the fisheries, and it was estimated that 
100,000 people depended on them for support. The capital 
invested is $14,334,450, and the product is worth $8,141,750. 
The total tonnage of the State in 1881 was 430,182, which 
gave the State rank after New York and Maine. In 1880, 
of 39,921 business houses, 329 failed, with liabilities at $3,- 
336,954, 

A general Act of 1870, with supplements of later years, 
allows of the incorporation of companies under it, and in 
1880 such corporations, so organized, had $30,150,255 capital, 
—and this was insome part money disengaged of late years 
from nayigation and its attendant branches of trade. 

While the capital of the State may not have developed 
even yet, as if might, all that is possible for a system of 
railway communication with the west, it has fostered, and 
made possible, large facilities in the States of the Mississippi 
valley and beyond, which may in time so enlarge the ter- 
minal facilities of the State’s chief port as to make ita 
more important outlet for export of the produce of the west, 
and give it a distinction justly its due from its geographical 
position, 

In the working of ores the State is not prominent. Five 
furnaces in 1880 yielded 19,000 tons of pig iron. In wool, 
the Boston market is the largest in the country. The State 
has far more spindles (4,465,290) in cotton manufacture 
than any other State, and not much short of half the num- 
ber in the whole United States (10,921,147). She employs 
in this business 62,794 hands, or about one-third of the en- 
tire force so employed in the United States. 

Massachusetts is the only State in the east, manufacturing 
textile fabrics, where ten hours is the operative’s day; and 
it is reported by the State bureau of statistics that, equal 
grades being considered, as much is produced under her 
system, per man, loom, or spindle, as in States where eleven 
hours or more is the rule, and that the Massachusetts opera- 
tive earns as much or more per day. Canadian French now 
constitute a considerable proportion of the factory hands, 
In certain departments of labor Chinese are beginning to 
find employment. 

Formerly farmers’ daughters of native stock were much 
employed in factories, Operatives of foreigu birth or pa» 
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rentage have taken in great part their places; and those of 
native stock have sought other occupations,—largely in the 
manufacturing of small wares in the cities, and particularly 
in departments of trade where skilled labor is essential. 
Household service is seldom now done, as it formerly was, 
by women of native stock,—persons of Irish, Swedish, and 
Scottish origin, with many from Nova Scotia and New 
Brunswick, taking their places. 

Railways.—The report of the Railroad Commissioners for 
1880 shows twenty-nine street railways; capital, $6,144,000; 
assets, $10,173,079.84; total income, $3,711,378.18; expenses, 
$3,003,024.87 ; length of roads, 240 miles; miles run, 12,516,- 
363; passengers carried, 68,631,842. 

Of steam railways there were 3044 mes of single track, 
of which 1893 were main lines; and 27,057 Massachusetts 
stockholders held $78,806,559.95 capital stock of the total of 
$118,738,871.58; and 21,615 persons were employed. The 
total income of these roads was $35,140,374.77; and the 
dividends declared were $5,987,718.64. ‘Total passengers 

carried, 45,151,152; freight carried, 17,221,567 tous. There 
were to passengers in 1880 nine fatal and fifteer other acci- 
dents; and one hundred and fifty-seven other persons were 
injured on the roads. 

The Hoosace Tunnel—after that of Mont Cenis the longest 
in the world, 5? miles in length—pierces the Hoosac moun- 
tainin the northwest corner of the State, and opeus a sec- 
ond direct railway communication with western lines, 
that of the Boston and Albany having been long without a 
rival. It cost $9,000,000, the State lending its credit, and 
was built between 1855 and 1874. 

Savings Banks, cte.—In 1880 the number of open accounts 
was 708,395; amount of deposits, $218,047,922.37 (only ex- 
ceeded in New York); amount of earnings, $11,894,710.60 ; 
ordinary dividends, $7,957,887.09; annual expenses, $581,- 
274.35; number of outstanding loans (none exceeding $3000) 
32,32 0, aggregating $34,203,951. 81. The number of banks 
in 1880 was 164, against 22 in 1834. The number of co- 
operative saving fund and loan associations was 16, with 

$372,462.31 assets. 

National Banks.—The report of the comptroller of the cur- 
rency for 1880 says: “ The thirteen States having the larg- 
est capital [in national banks} are Massachusetts, New York, 
Pennsylvania, etc..... in the order named.” In 1879 the 
eapital of national banks in Massachusetts was $94,748,172, 
that of New York being $85,706,942. In 1881 there were 
242 such banks, with $95,605,000 capital, and $525,827 divi- 
dends, and in 1880 they issued $3 {693,885 in circulating g bills, 
Pennsylvania, with $2,036, 890 coming next. 

A report to the commissioner of internal revenue for the 
six months ending May 31st, 1880, shows Massachusetts to 
have 218 banking and trust companies, private bankers, and 
savings banks (not organized under the national law), with 
an aggregate capital of $5,638,099; average deposits to the 
amount of $208,822,039. These banks also held investments 
in United States bonds, amounting to $22,909,377. 

Public Debt, etc.—The public debt of the State, January 1, 
1881, was $32,799,464; the sinking funds $13,050,192.20 ; 
the trust funds $2,890,650.92. The total taxable value was 
$1,927,855,430.09. The taxes produced $4,950,000. The rate 
of State taxation is much smaller than that of any other 
State. The State receipts were, on account of revenue, 
$7,881,198; on account of funds, $5,616,418, or $13,497,616 
in all. 

The Boston stock exchange stands next to New York in 
the extent of the securities in which it deals. 

Citizens of Massachusetts (16,855 in number) hold 45,- 
138,750 of the United States bonds, and the proportion of 
holders (23.04 per cent) to the population of the State is in 
excess of that of all other States ; New York, which is next, 
shows 20.24 per cent. 

In 1881 the State contributed $2,699,681 as internal reve- 
nue to the Federal Treasury, being a twelfth rank among 
the States and Territories. 

Social Statistics.—Intellectual Life-—No statement of the 
influence which Massachusetts has exerted upon the Amer- 
ican people, through intellectual activity and even through 
vagary, is complete without an enumeration of the names 
which, to Americans at least, are the signs of this influence 
and activity. In science, John Winthrop, the most emi- 
nent of colonial scientists; Benjamin Thompson (Count 
Rumford) ; Nathaniel Bowditch, the translator of Laplace ; 
Benjamin Peirce; and Morse the electri ician; not to include 
an adopted citizen in Louis Agassiz. In history, Winthrop 
and Bradford laid the foundations of her story in the very 
beginning; but the best example of the colonial period is 
Thomas Hutchinson, and in our day Bancroft, Sparks, 
Paifrey, Prescott, Motley, and Parkman. In poetry, the 
pioneer of the modern spirit in American verse was Richard 
Henry Dana; and later came Bryant, Longfellow, Whittier, 
Lowell, and Holmes. In philosophy, and the science of 
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living, Jonathan Edwards, Franklin, Channing, Emerson, 
and Theodore Parker. In oratory, James Otis, Fisher Ames, 
Josiah Quincy, jr., Webster, Choate, Everett, Sumner, Win- 
throp, and Wendell Phillips. In fiction, Hawthorne and 
Mrs. Stowe, not to embrace the living and younger names 
of Howells and Aldrich. In law, Story, Parsons, and Shaw. 
In polite scholarship, Ticknor and Hillard. In art, Copley, 
Gilbert Stuart, Washington Allston, William M. Huut, 
Horatio Greenough, W. W. Story, and Thomas Ball. What 
in America was called the “ transcendental movement,”’— 
which sprang out of German afliliations, and swept in its . 
train many scholarly persons, and resulted iu the well- 
known community of Brook Farm, under the leadership of 
the late Dr. George Ripley—was a growth of Massachusetts, 
and in passing away it left, instead of traces of an organiza- - 
tion, a sentiment and an aspiration for what was called a 
higher thinking, which gave Emerson his friendly sympa- 
thizers. It might go without saying that a community 
which fostered such persons and feelings, was not at all 
times free from riotous and unbalanced ideas, which could 
inaugurate too many departures from the common course 
of wisdom. 

Education —Of the 307,321 children between five and fif- 
teen in Massachusetts, 281,757 attend the public schools, in 
addition to 25,020 over fifteen, and 1833 under five; while 
27,370 of all ages attend charitable, reformatory, and private 
schools. The public schools are 5570 in number; the acade- 
mies and private schools, 423. The cost of maintaining the 
public schools is $5,156,731 per annum. This expenditure 
is exceeded only in the States of New York, Illinois, Penn- 
sylvania, and Ohio. It is a little more in lowa. A board 
of education (the governor, lieutenant-governor and eight 
others) have the general charge, and their secretary acts as 
superintendent of the State system in conjunction with 
local superintendents and committees. Women are eligible 
to these positions, and among the teachers of the public 
schools they are largely in excess,—7462 women and 1133 
men; and of the combined number (8595) 2228 had attended 
normal schools. The male teachers on an average receive 
$67.54 per month; the women $30.59. The system includes 
common, high, and normal schools, with one normal art 
school, and various evening, industrial, and truant schools. 
No discrimination is made as to race, color, or religious views. 
The average attendance is 89 per cent. of the membership. 
Two-fifths of one per cent. of the native population are illit- 
erate. The State normal schools, where the teachers are 
trained, are five in number, besides the art school. The at- 
tendance upon them was 841 in 1880. Some of the cities and 
towns maintain their own training schools. Meetings of 
teachers are held once a month or oftener in various parts 
of the State, for comparison of views and experience. 

The high schools are 215 in number, with 18,758 pupils, 
and 494 teachers; and other secondary instruction is given 
in the business colleges, private academie schools, and the 
more distinctive preparatory schools, which send their 
graduates to the colleges. Of these last, the mostimportant 
is Harvard College, the chief department of what is known 
as Harvard University, which includes, in addition, various 
professional schools, and other colleges of special studies.. 
This university in 1882 had 1382 students, with a staff of 
200 ofticers and instructors; and of these students 823 be- 
long to the academic department (Harvard College), where 
they are allowed wide latitude in the choice of the studies 
pursued, The classes of undergraduates are recruited 
largely from the State; but the establishment of exam- 
inations for admission in distant cities, like Philadelphia, 
Cincinnati, St. Louis, and San Francisco, is increasing the 
proportion who come from other parts of the country. 
Harvard University is mainly at Cambridge, 3 miles from 
Boston, bug some of the departments are in the latter 
city. 

In the extreme west of the State is Williams College, 
which in 1880 had 227 students; and in the Connecticut 
valley is Amherst College, with 339 students. Boston Uni- 
versity, in its several departments, had 510 students in 1880 ; 
and Tufts College, a few miles from Boston, an institution 
supported by the Universalist sect, had 63-students. Two 
Roman Catholic colleges are maintained—Boston College 
with 80 students, and College of the Holy Cross, at Worces- 
ter, of about the same size. Of the various institutions for 
the instruction of women, two rank with the colleges for 
men,—Smith College, at Northampton, and Wellesley Col- 
lege, not far from Boston. The income of college funds 
($425,958) is only exceeded in New York ($710,164). 

For agricultural students there are two schools,—one sup- 
ported by the State at Amherst, and the Bussey Institution, 
a department of Harvard University. In technological 
science there is special instruction given in the Massachu- 
setts Institute of Technology (Boston), the Lawrence Scien- 
tific School (of Harvard University), the Free Institute of 
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Industrial Science (Worcester), and the School of all Sci- 
ences (Boston University). In theology, nearly three hun- 
dred students in 1880 were divided among the schools at An- 
dover (Congregational), at Boston (in connection with the 
University, Methodist), at Cambridge (Harvard University, 
non-sectarian, and an independent Episcopal school), at 
Somerville (Tufts College, Universalist), at Newton (Bap- 
tist), and at Waltham (New Church). In law, there are 
schools in connection with both Boston and Harvard uni- 
versities; and the same is true of medicine, that of the for- 
mer being of homeopathic tendency. The State is also 
supplied with special schools of various other sorts, par- 
ticularly those for deaf mutes, the blind, and the feeble- 
minded, in which noteworthy methods have been employed 
with success. 

In 1880 the United States patent office issued letters to an 
average of one inhabitant of the State in every 1333, a de- 
gree of inventive energy only exceeded in Connecticut, 
where the proportion is one to 1020, 

The total receipts of the post office in 1880 were $2,484,692, 
an amount only exceeded by New York, Ohio, Pennsyl- 
vania and Illinois, while the State stands seventh in popu- 
lation. 

The Press.—The earliest printing in the British colonies 
was done at Cambridge in this State, where, in 1640, the 
first book was printed, which is known as the “ Bay Psalm 
Book,” being a version of the Psalms, for singing, made in 
the colony. Cambridge still retains its pre-eminence in the 
University and Riverside presses. A printing-house was 
not set up in Boston till1674. In the early part of this cen- 
tury book printing was done at various country presses; but 
at present it is all done in Boston, which, with New York 
and Philadelphia, is now a principal centre of the American 
book trade. 

A single number of two separate ventures to scatter public 
intelligence had appeared in Boston, in 1689 and 1690; but 
the first regular newspaper was not established till 1704, 
when the Boston Newsletter became the pioneer of the Amer- 
ican newspaper press. There is at present no newspaper 
of much influence printed outside of Boston, except the 
Springfield Republican ; and even the Boston newspapers are 
generally held to be behind those of New York and Chicago 
in enterprise and power. 

In 1880 there were 35 daily newspapers, with 33 others 
(having an annual circulation for dailies of 86,304,851; for 
weeklies, ete., of 10,204,537), and 392 periodicals of all kinds 
issued. 

Libraries.—The State is the most richly provided with 
publie collections of books (apart from school libraries) of 
any inthe Union. In the number of volumes the public 
library of Boston (404,201 in 1882) probably stands at the 
head of all in the country, though the library of Congress 
closely follows. Each of these libraries fills its enumeration, 
however, with large numbers of duplicates; that at Wash- 
ington from those received under the copyright act, and that 
of Boston from the extensive provision of extra copies for its 
ten popular departments, largely counterparts of each other. 
It is accordingly probable that the library of Harvard Uni- 
versity (nearly 300,000 volumes), which has but few dupli- 
cates, outranks all others in the country in the count of 
titles, as it is much the largest of all American academic 
collections. Of the eight largest libraries in the United 
States, three are in Massachusetts, the Boston Atheneum, 
one of the best of the class of proprietary libraries, being 
counted with the two already named. The State led in the 

founding of city and town libraries, supported by public 
taxes, thirty years ago, and has instituted more of them 
than exist in all the other States combined. After the one 
at Boston, that at Worcester is the best-known. Collec- 
tions of fair proportions are attached to the lesser colleges, 
Amherst, Williams, and Wellesley. The special historical 
libraries of the American Antiquarian Society at Worces- 
ter, the Massachusetts Historical Society, the New England 
Historic Genealogical Society, and Congregational Library, 
at Boston, added to the departments of the Harvard and 
and Boston libraries, make Massachusetts exceedingly rich 
‘in books upon American history. No one of her libraries 
has the resources of the rarest of early Americana which 
will be found in the private collection of the late John Car- 
ter-Brown at Providence, and in the Lenox library at New 
York; but, with access to such private collections as that 
of Charles Deane at Cambridge, the student of American 
history is probably at less disadvantage in Massachusetts 
than in any other library centre in the States, though the 
value of the Peter Force collection in the library of Con- 
gress is not to be forgotten. In science, sections of the 
Boston public library and the Harvard library are of the 
most importance, though in physics and natural history 
the collections of the American Academy of Arts and Sci- 
ences (Boston) and of the Boston Society of Natural His- 
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tory may well supplement them. In private libraries the 
State may claim numbers, rather than individual richness, 
and is probably surpassed by New York in signal collec- 
tions. The State itself, in the State House, has a collec- 
tion of considerable yalue, confined for the most part to 
law, public documents, and American history. 

Crime.—A board of prison commissioners (three men and 
two women) report in 1880 3821 persons in confinement, 
2070 in county prisons, and 1751 in other institutions. In 
1879 there were 16,211 sentences for drunkenness; and 
during the last twenty years 60 per cent. of all sentences 
for crime were traceable to liquor, or 340,814, in that time, 
out of 578,458 sentences. Of this aggregate, 332,495 were 
against chastity, morality, and decency; 55,327 against 
property ; and 1656 (felonious) and 81,440 (not felonious) 
against persons. Seventy-five per cent. of criminals are 
between the ages of eighteen and forty-five. 

Fires and Insurance.—The fires in 1880 were 1722 in num- 
ber (of which 596 were total), causing an aggregate loss of 
$4,454,221, of which 71 per cent. was paid by insurance com- 
panies. The causes were in 383 cases reported unknown, 
and in 294 incendiary. 

In life insurance, six Massachusetts companies have gross 
assets of $32,939,505 and gross liabilities of 27,546,554 ; while 
companies organized without the State and doing busi- 
ness within it have $369,996,657 assets and $328,105,152 
liabilities. 

Government, Militia, etc—The State, under the federal 
constitution, sends two senators to the Congress of the 
United States, and the most eminent men who have thus 
represented the commonwealth have been John Quincey 
Adams, Daniel Webster, Rufus Choate, Edward Everett, 
and Charles Sumner. The State is also entitled to twelve 
members of the National House of Representatives. 

The executive department of the State Government is 
confined to a governor, who is aided by a lieutenant-gov- 
ernor, and eight others, representing so many divisions of 
the State, who, with the governor and lieutenant-governor, 
constitute the executive council. They are chosen yearly. 
There are also a secretary of the commonwealth, a treasurer, 
and auditor. An attorney-general is the State’s law ofticer. 
The governor, as comander-in-chief of the State militia, 
has a military staff. 

The judges are all appointed by the governor, with the 
advice and consent of his council, and hold office during 
good behavior. The highest court is the supreme judi- 
cial court which has a chief justice and six associate jus- 
tices. Among the eminent jurists who have been at the 
head of this court.are John Adams, Theophilus Parsons, and 
Lemuel Shaw. A superior court, with a chief justice and 
ten associate justices, was established in 1859. Each county 
has its own courts of probate and insolvency. Various 
larger cities and towns have police and municipal courts ; 
while groups of towns have district courts. 

The legislative departments are the senate, of forty mem- 
bers, chosen by senatorial districts; and a house of repre- 
sentatives, of two hundred and forty members, chosen by 
districts within the counties. These two bodies form the 
general court so-called, which is chosen yearly, and it 
elects its own officers. It meets in the State House, at 
Boston, a structure prominently placed on the highest point 
of land in that city, its dome serving as an apex to the 
elevation of its sky-line. It was built in 1795-97, but has 
been enlarged since. Before it are statutes of Daniel Web- 
ster, by Powers, and Horace Mann, by Miss Stebbins, and 
within are Chantrey’s toga-draped statue of Washington 
(placed there in 1828), and Thomas Ball’s statue of John A, 
Andrew,—the latter the most eminent of the recent goy- 
ernors, Whose term of service covered the period of the 
civil war (1861-65), and who acquired the sobriquet of the 
“great war governor.” 

Of the incumbents of the twelve principal offices of the 
Federal Government, this State has furnished, since the 
organization under the constitution, 34,—a number ex- 
ceeded by Virginia (40), Pennsylvania (36), and New 
York (35), 

The enrolled militia (every able-bodied male between 
eighteen and forty-five years of age in 1880) were 238,762 in 
number,—the active volunteer militia numbering 334 
officers and 4436 enlisted men, organized in two brigades, 
besides two unattached corps of cadets, one the governor’s 
bodyguard. 

History.—It is possible that the coasts of Massachusetts 
were visited by the Northmen, and by the earliest naviga- 
tors who followed Cabot, but the evidence is that of con- 
jecture only. Gosnold left the earliest trace of English 
acquaintance on its shores, when he discovered and named 
Cape Cod in 1602. Pring and Champlain later tracked them, 
but the map of Champlain is hardly recognizable. The first 
| sufficient explorations for cartographical record were made 
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by John Smith in 1614, and his niap was long the basis— 
particularly in its nomenclature—of later maps. Perma- 
nency of occupation, however, dates from the voyage of the 
“Mayflower,” which brought about a hundred men, women, 
and children, who had mostly belonged to an English sect 
of Separatists, originating in Yorkshire, but who had 
passed a period of exile for religion’s sake in Holland, In 
the early winter of 1620 they made the coast of Cape Cod ; 
they had intended to make their landfall farther south, 
within the jurisdiction of the Virginia Company, which 
had granted them a patent; but stress of weather prevented 
their doing so. Finding themselves without warrant in a 
region beyond their patent, they drew up and signed, 
before landing, a compact of government, which is ac- 
counted the earliest written constitution in history. After 
some exploration of the coast they made a permanent 
landing, December 21, 1620 (new style), at Plymouth, a 
harbor which had already been so named on Smith’s map 
in 1616. A subsequent patent from the council for New 
England, upon whose territory they were, confirmed to 
them a tract of land which at present corresponds to the 
southeast section of the State. They maintained their ex- 
istence as a colony, though never having a charter direct 
from the crown, till 1691, when, under what is termed the 
Provincial Charter, Plymouth colony was annexed to 
Massachusetts. 

The Massachusetts Company had been formed in England 
in 1628 for the purpose of promoting settlements in New 
England. There had been various minor expeditions, 
during the few years since Smith was on the coast, before 
this company, in the Puritan interests, had sent over, in 
1628, John Endicott, with a party, to what is now Salem. 
In 1630 the government of the company, with questionable 
right, transferred itself to their territory, and under the 
lead of John Winthrop laid the foundations anew of the 
Massachusetts colony, when they first settled Boston in the 
autumn of that year. Winthrop remained the governor of 
the colony, with some interruptions, till his death in 1649, 
his first rejection coming from a party of theological revolt 
which chose Henry Vane (later Sir Henry Vane) to the 
office. The early history was rendered unquiet at times by 
wars with the Indians, the chief of which were the Pequot 
War in 1637, and Philip’s War in 1675-76; and for better 
combining against these enemies, Massachusetts, with 
Connecticut, New Haven, and New Plymouth, formed a 
confederacy in 1648, considered the prototype of the larger 
union of the colonies which conducted the War of the 
Revolution (1775-82). The struggle with the crowu, which 
ended in independence, began at the foundation of the 
colony, with assumptions of power under the charter,— 
which the colonial government was always trying to main- 
tain, and the crown was as assiduously endeavoring to 
counteract. Theological variances and differences of polit- 
ical views led to some emigration of the early colonists to 
Rhode Island. To secure ‘more room” led others to go to 
Connecticut, where they established a bulwark against the 
Dutch of New York. An inroad of the Quakers disturbed 
their peace for several years, and led to violent laws against 
all such aggressive dissentients. After more than a half 
century of struggle, the crown finally annulled the char- 
ter of the colony in 1685, and after a brief temporary sway 
of Joseph Dudley, a native of the colony, as president of a 
provisional council, Sir Edmund Andros was sent over with 
a commission to unite New York and New England under 
his rule. His government was espoused by a small church 
party, but was intensely unpopular with the bulk of the 
people; and, before news arrived of the landing of 
William of Orange in England, the citizens of Boston 
rose in revolution (1689), deposed Andros, imprisoned him, 
and re-established their old colonial form of government. 
Then came a struggle, carried on in England by Increase 
Mather as agent of the colony, to secure such a form of 
government, under a new charter, as would preserve as 
many as possible of their old liberties. Plymouth colony, 
acting through its agent in London, endeavored to secure 
a separate existence by royal charter, but accepted finally 
union with Massachusetts when association with New 
York became the alternative. The province of Maine was 
also united in the new provincial charter of 1691, and Sir 
William Phips came over with it, commissioned the first 
royal governor. He was a native of Maine, a rough sailor, 
who had got his knighthood because he had raised treasure 
from a Spanish wreck in the West Indies. He was a par- 
ishioner of Mather in Boston, and, it was thought, received 
the appointment through Mather’s influence. 

Throughout the continuance of the government under 
the provincial charter, there was a constant struggle be- 
tween the prerogative party, headed by the royal governor, 
and the popular party, who cherished recollections of their 
practical independence under the colonial charter, and who 
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were nursing the sentiments which finally took the form 
of resistance in 1775. The popular majority kept up the 
feeling of hostility to the royal authority in recurrent com- 
bats in the legislative assembly over the salary to be yoted 
to the governor. These antagonisms were from time to 
time forgotten in the wars with the French and Indians, 
and early in Phips’s administration by the unfortunate 
austerities of the Salem witchcraft delusion. During the 
earl of Bellomont’s administration, New York was again 
united with Massachusetts, under the same executive. The 
scenes of the recurrent wars were mostly distant from 
Massachusetts proper, either in Maine or on Canadian or 
Acadian territory, although some savage inroads of the In- 
dians were now and then made on the exposed frontier 
towns, as, for instance, upon Deerfield in 1704, and upon. 
Haverhill in 1708. Phips, who had succeeded in an attack 
on Port Royal, had ignominiously failed when he led the 
Massachusetts fleet against Quebec in 1690. The later ex- 
pedition of 1711 was no less afailure. The most noteworthy 
administration was that of William Shirley (1741-49 and 
1753-56), who at one time was the commanding officer of 
the British forces in North America. He made a brilliant 
success of the expedition against Louisburg in 1745, William 
Pepperell, a Maine officer, being in immediate command. 
Shirley with Massachusetts troops also took part in the 
Oswego expedition of 1755; and Massachusetts proposed, 
and lent the chief assistance in, the expedition to Nova 
Scotia in 1755, which ended in the removal of the Acadians, - 
Her officers and troops played an important part in the 
Crown Point and second Louisburg expedition (1758). 

The beginning of the active opposition to the crown may 
be placed in the resistance, led by James Otis, to the issuing 
of writs to compel citizens to assist the reyenue officers, 
followed later by the outburst of feeling at the imposition 
of the Stamp Act, when Massachusetts took the lead in 
confronting the royal power. The governors put in office 
at this time by the crown were not of conciliatory tempera- 
ments, and the measures instituted in parliament served to 
increase bitterness of feeling. Royal troops sent to Boston 
irritated the populace, who were highly excited at the time, 
when an outbreak, known as the Boston massacre, occurred 
in 1770, and a file of the garrison troops, in self-defence, 
shot down a few citizens among the crowd which assailed 
them. The merchants combined to prevent the importation 
of goods which by law would yield the crown a revenue; 
and the patriots, as the anti-prerogative party called them- 
selves, opened communication with those of the other 
colonies through “ committees of correspondence,” a method 
of the utmost advantage thereafter in forcing on the revo- 
lution, by intensifying the resistance of the towns in the 
colony, and by inducing the leaguing of the other colonies. 
In 1773 a party of citizens, disguised as Indians, and insti- 
gated by popular meetings, boarded some tea-ships in the 
harbor of Boston, and, to prevent the landing of their 
taxable cargoes, threw them into the sea,—an act known in 
history as the “Boston tea-party.’’? Parliament in retalia- 
tion closed the port of Boston,—a proceeding which only 
aroused more bitter feeling in the country towns, and en- 
listed the sympathy of the other colonies. The governor- 
ship was now given to General Thomas Gage, who com- 
manded the troops which had been sent to Boston. Every- 
thing foreboded an outbreak. Most of the families of the 
highest social position were averse to extreme measures, 
and a large number were not won over and became expatri- 
ated loyalists. The popular agitators, at whose head was 
Samuel Adams,—with whom John Hancock, an opulent 
merchant, and one of the few of the richer people who de- 
serted the crown, leagued himself,—forced on the movement, 
which became war in April, 1775, when Gage sent an ex- 
pedition to Concord and Lexington to destroy military stores 
accumulated by the patriots. This detachment, commanded 
by Lord Percy, was assaulted, and returned with heavy 
loss. The country towns now poured in their militia to 
Cambridge, opposite Boston; troops came from neighbor- 
ing colonies, and a Massachusetts general was placed 
in command of the irregular force which, with superior 
numbers, at once shut the royal army up in Boston. 
An attempt of the provincials to seize a commanding hill 
in Charlestown brought on the battle of Bunker Hill 
(June 17, 1775), in which the provincials were driven from 
the ground, although they lost much less heayily than 
the royal troops. Washington, chosen by the continental 
congress to command the army, arrived in Cambridge in 
July, 1775, and, stretching his lines around Boston, forced 
its evacuation in March, 1776. The State was not again 
the scene of any conflict during the war, Generals Knox 
and Lincoln were the most distinguished officers contri- 
buted by the State to the revolutionary army. Out of an 
assessment at one time upon the States of $5,000,000 for the 
expenses of the war, Massachusetts was charged with 
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$820,000, the next highest being $800,000 for Virginia. Of 
the 231,791 troops sent by all the colonies into the field, 
reckoning by annual terms, Massachusetts sent 67,907, the 
next highest being 31,930 from Connecticut, Virginia only 
furnishing 26,678. 

After the outbreak of the war a provisional government 
was in power till a constitution was adopted in 1780, when 
John Hancock became the first governor. His most emi- 
nent successors have been Samuel Adams (1794-97), El- 
bridge Gerry (1810-12), Edward Everett (1836-40), and 
John A, Andrew (1861-66). Governor Bowdoin in 1786 put 
down an insurrection known as Shay’s Rebellion. The 
Federal Constitution was accepted by Massachusetts by a 
small majority, and its rejection was at one time imminent. 
But Massachusetts became a strong Federal State, and 
suffered heavily under the Embargo Act of 1507, which was 
laid in the interests of the democratic party. The senti- 
ment of the State was also against the war with England 
in 1812-14; but much of the naval success of the war was 
due to Massachusetts sailors. In an apportionment of 
troops at the time, out of 100,000 Massachusetts was to fur- 
nish 10,000,—Pennsylvania with 14,000, New York 13,500, 
and Virginia 12,000, now exceeding her quota, 

During the interval till the outbreak of the civil war of 
1861, Massachusetts was foremost in political change or pro- 
gress. She opposed the policy which led to the Mexican 
War; but the State sent one regiment (1057 men) into the 
field, under the command of Caleb Cushing. The Liberty 
party, forerunner of the Freesoil and Republican parties, 
arose among her people, led on by such men as William 
Lloyd Garrison and Wendell Phillips. The Federal domi- 
nation had been succeeded by the Whig rule in the State, 
and when its greatest exponent, Daniel Webster, died in 
1852, the Freesoil party was gathering force, and after an 
interval became the Republican party, with new aflfilia- 
tions, which drew off a majority of the old Whig party. 
This last political organization expired under the opera- 
tion,—as it lost also its minority by their joining the Demo- 
eratic ranks. Charles Sumner became the most eminent 
exponent of the new party, and he became the State’s Sena- 
tor in the Federal Congress. The feelings which grew up 
and the movements that were fostered, till they rendered 
the civil war inevitable, received something of the same 
impulse from Massachusetts which she had given a century 
before to the feelings and movements forerunning the re- 
volution. When the war broke, it was her troops who first 
received hostile fire in Baltimore, and turning their me- 
chanical training to account, opened the obstructed rail- 
road to Washington. In the war which was thus begun, 
she built, equipped, and manned many vessels for the 
Federal navy, but during the early years of the conflict 
she was not allowed any credit for these sailors on her quota 
of men; and, when allowance was finally made in 1864, she 
showed a record of 22,360 men who had since 1861 enlisted 
in the navy. In 1862, out of 300,000 men called for, Massa- 
chusetts was required to furnish 15,000. During the war 
all but twelye small towns furnished troops in excess of 
what was called for, the excess throughout the State 
amounting in all to over 15,000 men, while the total re- 
eruits to the Federal army were 159,165 men, of which less 
than 1200 were raised by draft. The State, as such, and the 
towns spent $42,605,517.19 in the war; and private contri- 
butions of citizens are reckoned in addition at about 
$9,000,000. This does not include the aid to families of 
soldiers, paid then and later by the State. 

Since the close of the war the State has remained gene- 
rally steadfast in adherence to the principles of the Re- 
publican party, and Has continued to develop its resources. 
Navigation, which was formerly the distinctive feature of 
its business prosperity, has, under the pressure of laws and 
circumstances, given place to manufactures, and the de- 
veloping of carrying facilities on the land rather than on 
the sea, (J. WL.) 


MASSENA, Anpr& (1758-1817), duke of Rivoli, 
prince of Hssling, and marshal of France, the greatest 
soldier and greatest general of all Napoleon’s marshals, 
and the one man who with education and ambition 
might have been Napoleon’s rival, was the son of a 
small wine merchant, it is said of Jewish origin, and 
was born at Nice on May 6, 1758. His parents were 
very poor, and he began life as a cabin boy. He did 
not care much for the sea, and in 1775 enlisted in the 
Regiment Royal Italien, a regiment of Italians in the 
pay of France. He quickly rose to be under-officer- 
adjutant ; but, finding his birth would prevent his ever 
getting a commission, he left the army in 1789, retired 
to his native city, and married. At the sound of war, 
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however, and the word republic, his desire to see service 
increased, and he once more left Italy, and joined the 
3d battalion of the volunteers of the Var in 1792. In 
those days when men elected their officers, and nearly 
all the old commissioned officers were dead or had 
emigrated, promotion to a man with a knowledge of 
his drill was rapid, and by April, 1793, Masséna was 
chef de bataillon, or colonel. His regiment was one 
of those in the army of General Anselme, which was 
ordered to occupy Nice, and his knowledge of the 
country, of the language, and of the people was so 
useful that in December he was already general of 
division. In command of the advanced guard he won 
the battle of Saorgio in August, 1794, capturing ninety 
guns, and after many successes he at last, on November 
23, 1795, with the right wing of the army of Italy, 
won the great victory of Loano, in which four thousand 
Austrians and Sardinians were put hors de combat. 
In Bonaparte’s great campaigns of 1796 and 1797 
Masséna was his most trusted general of division; in 
each battle he won fresh laurels, until the crowning 
victory of Rivoli, from which he afterwards took his 
title. It was during this campaign that Bonaparte 
gave him the title of enfant chéri de la victoire, which 
he was to justify till he met the English in 1810. Mas- 
séna’s next important service was in command of the 
army in Switzerland, which united the army in Ger- 
many under Moreau, and that in Italy under Joubert. 
There he proved himself a great general; the archduke 
Charles and Suwaroff had each been successful in Ger- 
many and in Italy, and now turned upon Masséna in 
Switzerland. That general held his ground well against 
the archduke, and then suddenly, leaving Soult to 
face the Austrians, he transported his army to Ziirich 
where, on September 26, 1799, he entirely defeated 
Suwaroff, taking two hundred guns and five thousand 
prisoners. His campaign and battle placed his repu- 
tation ona level with that of his compatriot Bona- 
parte, and he might have made the revolution of Bru- 
maire, but he was sincerely attached to the republic, 
and had no ambition beyond a desire to live well and 
have plenty of money to spend. Bonaparte, now first 
consul, sent’ him to Genoa to command the débris of 
the army of Italy, and he nobly defended Genoa from 
February to June to the very last extremity, giving 
time for Bonaparte to strike his great blow at Marengo. 
He now went to Paris, where he sat in the Corps Lé- 
Paces in 1803, and defended Moreau, but where 
Napoleon took his measure, and did not interfere with 
him. In 1804 he was made one of the first marshals 
of France of the new régime, and in 1805 was decorated 
with the Grand Eagle of the Legion of Honor. In 
that year Napoleon needed an able general to keep in 
check the archduke Charles in Italy, while he advanced 
through Germany with the grandarmy. Masséna was 
chosen; he kept the archduke occupied till he got 
news of the surrender of Ulm, and heh on October 
30th utterly defeated him in the battle of Caldiero. . 
After the peace of Pressburg had been signed, Mas- 
séna was ordered to take possession of the kingdom of 
Naples, and to place Joseph Bonaparte on the throne. 
This task done, Napoleon summoned Masséna to Po- 
Jand, where he as usual distinguished himself, and 
where he for the time gave up his republican prin- 
ciples, and was made duke of Rivoli. In the campaign 
of 1809 he covered himself with glory at Landshut 
and at Hckmiihl, and finally at the little village of 
Kssling, which he held with such determination that 
Napoleon had some right to call his otherwise complete 
defeat of Aspern a victory. When the retreat to the 
island of Lobau® was ordered, it was Masséna who 
covered the broken regiments, and held the téte du 
pont; and onthe field of Wagram it was Masséna who, 
though too ill to ride, directed from his carriage the 
movements of the right wing, and recovered the honor 
of France. For his great services he was created prince 
of Essling, and given the princely castle of Thouars. 
He was then ordered to Spain to ‘‘drive the English 
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into the sea.’’ The campaigns.of 1810 and 1811, the 
advance to and the retreat from Torres Vedras, are 
well known from Napier’s history, who does full justice 
to Wellington’s great opponent. Masséna himself’ as- 
cribed his failure to the frequent disobedience of his 
three subordinate generals, Ney, Reynier, and Junot, 
and with some justice; but he alone could have stayed 
so long before the lines, and could have made the long 
halt at Santarem, which checked Wellington so thor- 
oughly. ‘he retreat was as finely conducted as the 
advance, and would have been even more triumphant 
had Ney obeyed orders. Hven then he was again ready 
to try his fortune, and nearly defeated Wellington at 
Fuentes d’ Ofioro, though much hampered by Bessiéres. 
Recalled with ignominy, his prestige gone, the old 
marshal felt he had a right to complain of Ney and 
of Napoleon himself, and, it is said, opened communi- 
cations with Mouché, and the remnant of the republi- 
can party. Whether this be true or not, Napoleon 
gave his greatest marshal no more employment in the 
field, but made him merely commandant of the 8th 
military division, with his headquarters at Marseilles. 
his command he still held at the restoration of the 
Bourbons, when Louis XVIII. confirmed him in it, 
and gave him letters of naturalization, as if the great 
leader of the French armies had not ceased to be an 
Italian, When Napoleon returned from Hlba, Masséna, 
probably by the advice of Fouché, kept Marseilles 
quiet to await events, the greatest service he could do 
the royalists, but afterwards imputed to him as a fault. 
After the second restoration Masséna was summoned 
to sit on the court martial which tried Marshal Ney, 
but, though he had been on bad terms with that gen- 
eral, and attributed his own disgrace to him, the old 
soldier would not be his comrade’s judge. ‘This refusal 
was used by the royalists to cruelly attack the marshal, 
against whom they raked up every offence they could 
think of, and whose victories they forgot. This annoy- 
ance shortened his life, and on the 4th April, 1817, the 
old hero died. He ‘was buried in Pére-la-Chaise, with 
only the word ‘‘Masséna’’ upon his tombstone. 


In private life indolent, greedy, rapacious, ill-educated, 
morose, on the field of battle Masséna was a man of genius, 
prompt in resource, indefatigable, perfectly brave, and 
never knowing when he was beaten, Italian he always 
was in his indolence, but in his quickness of resource a real 
compatriot of Napoleon himself, 

See Thiébault’s Lloge funebre, and Koch’s Mémoires de 
Masséna, 4 vols., 1849, a most valuable work, and most care- 
fully compiled, See also the military histories of the 
epoch, but in reading Napier’s pictures of him and Soult it 
is well to remember that author’s personal friendship with 
the latter. 


MASSILLON, a city of the United States, in Stark 
county, Ohio, is situated on the Tuscarawas, a head 
stream of the Muskingum, communicates with Lake 
Hrie by the Ohio canal, and forms an important junc- 
tion for various lines of railway. It is well known for 
its coal-mines and white sandstone quarries; and it 
also contains blast furnaces, rolling mills, foundries, 
machine-shops, grist-mills, and extensive establish- 
ments for the manufacture of agricultural implements, 
glass, and paper. The population, 3819 in 1860, was 
6838 im 1880. 

MASSILLON, Jan Baptiste, was born at Hyéres 
on June 24, 1663, and died at Clermont on September 
28, 1742. He was thus, except Saint-Simon and Fon- 
tenelle, the longest-lived of the men of the Siécle de 
Louis Quatorze. It is noteworthy that, like -the ma- 
jority of the great pulpit orators of his own and the 
preceding generation, he was a goutherner. His 
father, Francois Massillon, was a notary, and he appears 
to have been well educated. In 1681 he joined the 
congregation of the Oratory, which at that time hada 
high reputation. But, although he had thus chosen 
an order where the rules were by no means strict, he 
was not anxious for easy living or secular renown. The 
credit which he received for his first efforts at preach- 
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ing startled him, and he sought a much more severe 
discipline, one indeed which is said to haye been of 
Trappist rigor. Accident, however, made his literary 
and oratorical talents known to the Cardinal de Noailles, 
who determined that the church should not lose so 
well qualified a defender. In obedience to the cardi- 
nal, Massillon left the abbey of Septfonds, rejoined 
the Oratory, and was introduced to the Parisian semi- 
nary of Saint Magloire in 1696. He was soon set to 
work to preach in the Paris churches, and his reputa- . 
tion spread rapidly from city to court. He preached 
before Louis XLV. for the first time in Adyent, 1699. 
He made a profound impression, and it is reported . 
that his generous elder, Bourdaloue, from whom Mas- 
sillon himself had Jearnt much, said of him, “‘ He must 
increase, but I must decrease.’’ His fame, however, 
did not lead to immediate preferment. In the first 
place, the Oratorians were on bad terms with the 
Jesuits, and were considered too liberal to suit the 
reign of gloomy pietism and severe orthodoxy in which 
Louis’s dissolute life closed. In the second, Massillon 
was neither a flatterer, nor did he resort to the abrupt 
denunciation of vice which had succeeded in the case 
of some of his predecessors. Indeed, in the last years 
of the reign there was nothing (so far as the king was 
concerned) to denounce, unless it were an excess of 
orthodoxy. Louis’s famous saying that other preach- 
ers made him pleased with them, but that Massillon 
made. him displeased with himself, may have been 
merely a mot, but it may also have expressed an in- 
voluntary truth. Jowever this may be, Massillon, 
who perhaps desired no office, received none as long 
as the old king lived. 'The regency was much more 
favorable to him, and in 1717 he was nominated to the 
see of Clermont, with the additional honor of being 
commissioned to preach the next year’s Petit Caréme 
or series of short Lent sermons before the young Louis 
XV. Bishop in 1717, Lent preacher in 1718, Mas- 
sillon received in 1719 a yet further honor, though this 
time a secular one, by being elected to the Academy. 
Various causes, however, combined to remove him from 
Paris. His own standard of duty was high, and he 
was not likely in any case to have acquiesced in the 
position of a non-resident bishop; the court grew more 
and more dissolute; and his advance in years must 
have somewhat disqualified him from preaching and 
travelling. He delivered but few sermons in Paris after 
the Petit Caréme, and preached there for the last time 
in 1723, when he pronounced the funeral oration of the 
duchess-dowager of Orleans. The twenty years of life 
which remained to him were spent at Clermont, where 
he was distinguished for all good works, especially for 
exacting the minimum of episcopal dues and expending 
the maximum on charity. 

Massillon’s works are made up for the most part of ser- 
mons, lectures, synodal addresses, and the like. ‘They have 
been repeatedly edited, and are easily accessible in two 
large volumes published by Didot. As a pulpit orator, if 
not as a theologian, Massillon probably deserves the highest 
rank among Frenchmen. His style is very nearly perfect, 
uniting the polish of the later age of Louis XIV. with the 
vigor of the earlier. His thoughts are original and just, 
and the arrangement of his discourses lucid and orderly 
without being unduly scholastic. He has usually been 
contrasted with his predecessor Bourdaloue, the latter 
having the eredit of vigorous denunciation, Massillon of 
gentle persuasiveness. But few preachers can have excelled 
him in vigor when he chose to be stern. Besides the Petit 
Caréme, his sermons on the Prodigal Sov, on Death, for 
Christmas Day, for the Fourth Sunday in Advent, may be 
cited as perhaps his masterpieces. But in truth Massillon 
is singularly free from inequality. His great literary 
power, his reputation for benevolence, and his known 
toleration and dislike of doctrinal disputes caused him to 
be much more favorably regarded than most churchmen by 
the philosophes of the 18th century. He acquired the sur- 
name of the Racine of the pulpit, but extreme purity of 
style is almost the only point of contact between the two 
writers. r 

MASSINGER, Purirp (1584-1640), one of the 
most prolific, scholarly, and powerful dramatists among 
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the immediate successors of Shakespeare. THe was 
born in 1584, went to Oxford (St. Alban’s Hall) in 
1602, and left in 1606. This is all that is known of 
his early life, except that his father, as appears from 
the dedication of one of his plays (The Bondman ; 
was in the service of the Herberts. ‘That his father's 


service was not menial is proved by his having once | 
been the bearer of letters from the earl of Pembroke | 


to the queen. The industry of antiquaries has dis- 
covered only one little fact about Massinger between 
his leaving Oxford in 1606 and his having a comedy 
performed at court in 1621. This fact is that he joined 
with two dramatists, Field and Daborne, in asking an 
adyance of £5 from the theatrical capitalist, Henslowe. 


This painful request, the date of which is conjectured | 
to be about 1614, sets forth that the three petitioners | 


were *‘in unfortunate extremitie.’’ In his part of the 
document Massinger says that he has ‘‘ever found ”’ 
Henslowe ‘‘a true loving friend.’’ The expression 
seems to point to his having been connected with plays 
and players for some considerable time. After 1621 
many of his plays were acted and published; but from 
the tone of his dedications it is to be inferred that he 
was often in straits. The entry in the parish register 
of St. Saviour’s—‘‘ March 20, 1639-40—buried Philip 
Massinger a stranger ’’—may mean only that Massinger 
was not a resident in the parish ; but it is sadly out of 
keeping with the dramatist’s place in the respect of 
posterity. 

In the barrenness of authentic fact, conjecture has 
been busy with Massinger’s life and character. One 
of the questions that have been raised about him,— 
whether or not he was a Roman Catholic,—leads to 
other questions that have more than a personal interest. 
Attempts to fix the political or the ko peat creed ofa 
dramatist are generally fanciful; as a rule, when a 
critic finds an 6 api expressed by one of a dramatist’s 
personages with exceptional and striking force, he 
hepa to the conclusion that the dramatist must have 

eld this opinion himself as a ruling conviction. The 
evidence that Massinger was a Roman Catholic at a 
time when the creed was held under pains and penalties 
is of a more serious kind, though not conclusive. It 
rests upon three of his plays, Vhe Virgin Martyr 
(printed in 1622, acted before 1620), The Renegado 
(acted in 1624), and V'he Maid of Honour (printed in 
1632, but probably acted earlier). In the first of these 
Massinger was assisted by Dekker. Whether or not 
the author was a Roman Catholic, it is certain that 
only a Roman Catholic audience could be expected to 
enter into the spirit of these plays and applaud at the 
end; and they are very remarkable theatrical phe- 
nomena to have appeared in the reign of James. 


The Virgin Murtyr, founded on the martyrdom of Doro- 
thea in the time of Diocletian, is, in effect, an old miracle 
play in five acts. The devil himself appears on the stage, 

,—first in human shape as the servant of a persecutor, hunt- 
ing out victims and instigating the most cruel tortures; 
afterwards in “a fearful shape” with fire flashing round 
him. ‘The page of the martyr Dorothea is an angel in dis- 
guise, who also appears in his own proper shape before the 
end of the play. Dorothea is tortured on the stage in the 
most revolting fashion, dragged about by the hair, kicked, 
beaten with cudgels, but her page Angelo stands by, and 
she is miraculously preserved from hurt. Other miracles 
are performed on the stage. A persecutor falls down ina 
fit when about to proceed to subject the martyr’s constancy 
to the foulest trials. In the last act a basket of fruit from 
paradise is brought on, and the chief persecutor eating of 
it is wholly changed in spirit, and drives away his dia- 
bolic servant by holding up a cross of flowers. At the 
close the martyrs appear in white robes, transfigured. The 
Virgin Martyr further resembles the miracle play in the 
coarseness of the comic scenes intended to illustrate the 
power of the deyil over the most base and groyelling na- 
tures. The tone of the play throughout is serious and lofty ; 
the passions of the persecutors and the heroic devotion of the 
martyrs are given with great dramatic force. This is a very 
remarkable play to have appeared suddenly amidst the run 
of secular pieces. It seems to have been popular, and was 
several times reprinted before the Restoration. That the 
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| Renegado should have found favor is still more remarkable, 
In itself it is a powerfully constructed play, strong in 
character and incident. Massinger’s leaning to Roman 
| doctrine is supposed to he shown by his making one of his 
| heroines—a converted Turk, a sultan’s sister—ex perience 
complete spiritual transformation after receiving the rite 
of baptism. But there is a more suggestive and stranger 
fact than this. The hero of the piece, Francisco, is a 
Jesuit priest, treated with profound respect throughout, a 
man of noble unselfish aims, running all risks to save and 
gain souls, exercising the strongest moral influence for the 
wisest and most benevolent purposes. Francisco's influ- 
ence pervades the play, and is crowned with triumph at 
the end. He sails back to Venice with a noble lady 
rescued from the infidel, her virtue protected by an amulet 
during her captivity, a renegade military hero restored 
to his country and the Church, a noble Venetian rescued 
from spiritual and physical perils, the beautiful sister of 
the sultan converted to Christianity. That a London 
audience should have tolerated this glorification of a 
Jesuit within twenty years of the Gunpowder Plot is an 
extraordinary fact, of which the explanation is still to 
seek. In the Maid of Honour the heroine relieves a highly 
complicated situation at the end by taking the veil, giving 
a third of her property to a nunnery, a third for pious 
uses, and a third to an honest, faithful, but to her unattrac- 
tive lover. For this she is held up as ‘to all posterity a 
fair example for noble maids to imitate.” Only an wudi- 
ence of very pious Catholics could have sympathized with 
such a conclusion, 


Such plays show that Massinger, if not a Roman 
Catholic, was at least not blinded by the popular 
hatred of them, but could dwell in rapt admiration on 
what was noble and lofty in the motives supplied by 
the Roman Church. The strange thing is that he found 
a manager to produce these plays, or an audience to 
tolerate them. It may be pers whether Massinger 
was ever a popular dramatist. Tis poverty is not in- 
deed conclusive on this point, for the vices paid for 
plays were so small that a dramatist ould hardly make 
a livelihood by play writing, unless he was also an actor 
or a theatrical manager. But the best qualities of his 
plays appeal rather to thoughtful politicians, moralists, 
and students of character than to the simple feelings of 
the ordinary playgoer. Only one ofthem, A New Way 
to Pay Old Debts (printed 1633), has kept the stage, 
and that chiefly because the leading character, Sir 
Giles Overreach, a sort of commercial Richard ILL, 
a compound of ‘‘the lion and the fox,’’ provides 
many opportunities for a great actor, Like all Mas- 
singer’s plays, it, is most ingenious and effective in 
construction, but in this as in others he has been more 
intent upon the elaboration of a plot and the exhibi- 
tion of a ruling passion than upon winning the love 
and admiration of his audience for heroes and hero- 
ines. The other personages besides Sir Giles are 
either conventional comic figures, or dim, feebly 
outlined, uninteresting characters. The reformed 
prodigal and the two pairs of lovers who outwit the 
cunning diplomatist by simple means seem poor, joy- 
less, bloodless phantoms when put side by side with 
the rich life of Shakespeare’s youthful lovers and 
reckless scapegraces ; they are mere foils to Overreach ; 
their life is not displayed, it is only indicated in the 
dialogue. With the exception of this play, all Mas- 
singer’s have been relegated to the study since his own 
time. The Fatal Dowry (printed 1632), in which 
Massinger had the assistance of Field, was partially 
resuscitated by Rowe, being made the basis of the 
Fair Penitent. In Massinger’s own judgment, the 
Roman Actor was ‘‘the most perfect birth of his 
Minerva.”’ It is in effect a study of the tyrant Domi- 
tian, and of the results of despotic rule on the despot 
himself and his court; the intrigues and counter 
intrigues, the rise of sycophaney, the fall of honesty, 
the growth of the appetite for blood, the growth and 
final triumph of the spirit of revenge, are exhibited 
with great power, Among the dramatists of that 
great period, Massinger comes next to Shakespeare in 
the art of opening and developing a plot. The Bond- 
man, the Duke of Milan, and the Great Duke of 
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Florence are also favorable specimens of Massinger’s 
power. But what was said by one of his admirers in 
the dedication of the City Madam is perfectly true, 
that, ‘‘though he composed many plays, he wrote 
none amiss.’’ The manners and the characters are 
always clearly conceived, although the dramatist’s 
strength is put forth in the portrayal of some one ruling 
passion. ‘The action always marches forward steadily, 
with as little as possible of irrelevant digression ; so 
steadily in fact is the main purpose pursued as to pro- 
duce a certain air of labor and constraint. The 
language is never mean, and never turgid; in impas- 
sioned situations it wants fire and directness, If the 
stage were ever deliberately employed as an historical 
school, frequented by audiences anxious to get a clear 
and vivid impression of important situations, going to 
the theatre not to be interested against their will but 
willing to be interested, the dramas of Massinger 
would furnish excellent models, 


Several of Massinger’s plays are no longer extant. Light 
of them were among those destroyed by Warburton’s cook. 
The most recent edition of those remaining, nineteen in 
number, is Cunningham’s (1870). Gifford edited Massinger 
with great care. (w. M.) 


MASSORAH (7799), better Massorern (1300), 
a late Hebrew word meaning ‘“‘tradition,’’ is the 
technical term specially applied to the tradition by 
which Jewish scholars (Massorets, 0230 *y3) sought 
to fix the correct writing and reading of the text of the 
Old Testament. An oral tradition on disputed points 
of this sort naturally existed from the early days of the 
Jewish schools, but the use of a written Massorah in 
notes on the margin of Bibles, at the end of Biblical 
codices or of the individual books contained in them, 
or in separate works appears to have followed the in- 
troduction of the vowel points, and to have been 
influenced by similar labors of Syrian scholars. See 
Hrsrew LANGUAGE, vol. xi. p. 536. 

MASSOWAH, or Mesowan, a town on the Abys- 
sinian coast of the Red Sea, on a small coral island 
of the same name, in 15° 30’ N. lat. and 39° 307 I. 
long. ‘The height of the island is from 20 to 25 feet 
above the sea, the length does not exceed 4 mile, and 
the breadth is about } mile. The western half is 
occupied by the town; in the eastern half are Moham- 
medan burying-grounds and dismantled cisterns. Most 
of the dwelling-houses are mere straw huts ; the mosque, 
the Roman Catholic church, the Government buildings 
and custom house, and the residences of the principal 
merchants are of stone. Water was formerly scarce, 
and had for the most part to be carried from the main- 
land; but in 1872 an ancient aqueduct from Mokullu 
was restored, and continued by an embankment to the 
town. Besides the original Ethiopians, who speak a 
Tigré dialect corrupted with Arabic, the population, 
estimated at from 5000 to 6000, comprises Arabs from 
Yemen and Hadramaut, Gallas and Somalis, and 
Hindus from Surat. The trade, which consists 
mainly in exporting hides, butter, Abyssinian coffee, 
and ciyet, and importing Huropean and Indian cotton 
goods and silks, increased in value from about £65,000 
yer annum in 1865 to from £240,000 to £280,000 
Lericen 1879 and 1881. 


The island of Massowah (locally Base) has probably 
been inhabited from a very early date. It was at Masso- 
wah (Matzua, as they called it) that the Portuguese landed 
in 1542 under Christovao da Gama. Captured by the 
Turks in 1557, the island has remained more or less strictly 
a Turkish possession ever since, A military colony of 
Bosnians settled at Arkiko was appointed, not only to 
defend it in case of attack from the mainland, but to keep 
it supplied with water in return for $1400 per month from 
the town’s customs. For some time in the close of last 
century Massowah was held by the sherif of Mecca, and it 
afterwards passed under Mehemet Ali of Egypt. The 
Turks were reinstated about 1850, but in 1865 they handed 
the island back to Egypt for an annual tribute of 2} 
million piastres. 


MASSORAH—MASSYS. 


See Bruce’s Travels, vol. ivy.; Heuglin in Petermann’s 
Mittheilungen, 1860; Rassam, Brit. Mission to Abyssinia, 1869 ; 
Pennazzi in Nuova Antologia, July, 1880. 


MASSYS, or Matsys, Quintin (1466-1530) was 
born at Louyain, where he first learned a mechanical 
art. During the greater part of the 15th century the 
centres in which the painters of the Low Countries 
most congregated were Bruges, Ghent, and Brussels. 
Towards the close of the same period Louvain took a 
prominent part in giving employment to workmen of | 
every craft. It was not till the opening of the 16th 
century that Antwerp usurped the lead which it after- 
wards maintained against Bruges and Ghent, Brussels, 
Mechlin, and Louvain. Quintin Massys was one of 
the first men of any note who gave repute to the guild 
of Antwerp. <A legend still current relates how the 
smith of Louvain was induced by affection for the 
daughter of an artist to change his trade and acquire 
proficiency in painting. A less poetic but perhaps 
more real version of the story tells that Quintin had a 
brother with whom he was brought up by his father 
Josse Massys, a smith, who held the lucrative offices 
of clockmaker and architect to the municipality of 
Louvain. It came to be a question which of the sons 
should follow the paternal business, and which carve 
out a new profession for himself. Josse the son elected 
to succeed his father, and Quintin then gave himself to 
the study of painting. But it is not improbable that 
as he lived in an age when single individuals were cun- 
ning in various branches of design, pig was equally 
familiar with the chisel and file or the brush and pen- 
cil. We are not told expressly from whom Quintin 
learned the profession in which he acquired repute, 
but his style seems necessarily derived from the lessons 
of Dierick Bouts, who took to Louvain the mixed art 
of Memling and Van der Weyden. When he settled 
at Antwerp, at the age of twenty-five, he probably had 
a style with an impress of its own, which certainly eon- 
tributed most importantly to the revival of Flemish 
art on the lines of Van Eyck and Van der Weyden. 
What particularly characterizes Quintin Massys is the 
strong religious feeling which he inherited from earlier 
schools. ut that again was permeated by realism 
which frequently degenerated into the grotesque. Nor 
would it be too much to say that the facial peculiarities 
of the boors of Van Steen or Ostade have their coun- 
terparts in the pictures of Massys, who was not, how- 
ever, trained to use them in the same homely way. 
From Van der Weyden’s example we may trace the 
dryness of outline and shadeless modelling and the 
pitiless finish even of trivial detail, from the Van Hycks 
and Memling through Dierick Bouts the superior glow 
and richness of transparent pigments, which mark the 

ictures of Massys. he date of his retirement from 

ouvain is 1491, when he becamea master inthe guild 
of painters at Antwerp. His most celebrated picture 
is that which he executed in 1508 for the joiners’ com- 
pany in the cathedral of his adopted city. Next in 
importance to that is the Maries of Scripture round 
the Virgin and Child, which was ordered for a chapel 
in the cathedral of Louvain. Both altar-pieces are 
now in public museums, one at Antwerp, the other at 
Brussels. Both challenge attention for the qualities 
which have already been described. They display 
great earnestness in expression, great minuteness of 
finish, and a general absence of effect by light or shade. 
As in early Flemish pictures, soin those of Massys 
superfluous care is lavished on jewellery, edgings, an 
ornament. ‘To the great defect of want of atmosphere 
such faults may be added as affectation, the result of 
excessive straining after tenderness in women, or com- 
mon gesture and grimace suggested by a wish to ren- 
der pictorially the brutality of jailers and executioners. 
Yet in every instance an effort is manifest to develop 
and express individual character. This tendency in 
Massys is chiefly illustrated in his pictures of male and 
female market bankers (Louvre and Windsor), in 
which an attempt is made to display concentrated cu- 
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pidity and avarice. The other tendency to excessive 
emphasis of tenderness may be seen in two replicas of 
the Virgin and Child at Berlin and Amsterdam, where 
the ecstatic kiss of the mother is quite unreal. But 
im these examples there is a remarkable glow of color 
which takes us past many defects. Expression of de- 
spair is strongly exaggerated in a Lucretia at the mu- 
seum of Vienna. On the whole the best pictures of 
Massys are the quietest ; his Virgin and Christ or 
Hece Homo and Mater Dolorosa (London and Ant- 
werp) display as much serenity and dignity as seems 
consistent with the master’s art. <A telling example 
of his partiality for grotesque character in face is an 
Epiphany in the collection of Mr. H. R. Hughes in 
England. His skill as a portrait painter has not been 
sufficiently admired, probably because most of his like- 
nesses have ceased to be identified with his name. 
Kgidius at Longford, which drew from Sir Thomas 
More a eulogy in Latin verse, is but one of a numer- 
ous class, to which we may add the portrait of Maxi- 
milian of Austria in the gallery of Amsterdam, a mas- 
terpiece which at some future period may afford a clue 
to other works of similar treatment in English and 
Continental galleries. Massys in this branch of praec- 
tice was much under the influence of his contempora- 
ries Lucas of Leyden and Mabuse. His tendency to 
polish and smoothness excluded to some extent the 
subtlety of modulation remarkable in Holbein and 
Diirer. There is reason to think that he was well ac- 
quainted with both these German masters. He proba- 
bly met Holbein more than once on his way to Hng- 
land. He saw Diiver at Antwerp in 1520. Quintin 
died at Antwerp in 1530. he puritan feeling which 
slumbered in him was fatal to some of his relatives. 
His sister Catherine and her husband suffered at Lou- 
vain in 1543 for the then capital offence of reading the 
Bible, he being rife fon | she buried alive in the 
square fronting the cathedral. 

Quintin’s son, Jan Massys, inherited the art but not the 
skillof his parent. ‘The earliest of his works, a St. Jerome, 
dated 1537, in the gallery of Vienna, the latest, a Healing 
of Tobias, of 1564, in the museum of Antwerp, are sufficient 
evidence of his tendency to substitute imitation for origi- 
nal thought. 


MASTER AND SERVANT. These are scarcely 
to be considered as technical terms in law. ‘The rela- 
tionship which they imply is created when one man 
hires the labor of another for a term. Thus it is not 
constituted by merely contracting with another for the 
performance of a definite work, or by sending an article 
to an artificer to be repaired, or engaging a builder to 
construct a ‘house. or would the employment of a 
man for one definite act of personal service—e. g., the 
engagement of a messenger for a single occasion—gen- 
erally make the one master and the other servant. It 
was held, however, in relation to the offence of em- 
‘pezzlement, that a drover employed on one occasion to 
drive cattle home from market was a servant within 
the statute. (See article EMBEZZLEMENT for defini- 
tion of ‘‘ clerk’’ or “‘ servant ’’ in that connection.) On 
the other hand, there are many decisions limiting the 
meaning of ‘‘servants’’ under wills giving legacies to 
the class of servants generally. Thus ‘Sa person who 
was not obliged to give his whole time to the master, 
but was yet in some sense a servant,’’ was held not en- 
titled to share in a legacy to the servants.’’ These cases 
are, however, interpretations of wills where the inten- 
tion obviously is to benefit domestic servants only. And 
so in other connections questions may arise as to the 
exact nature of the relations between the parties— 
whether they are master and servant, or principal and 
agent, or landlord and tenant, or partners, etc. 
~ The terms of the contract of service are for the most 
part such as the parties choose to make them, but in 
the absence of express stipulations terms will be implied 
by the law. Thus, ‘‘ where no time is limited either 
expressly or by implication for the duration of a con- 
tract of hiring and service, the hiring is considered as 
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‘a general hiring, and in point of law a hiring for a 
year.”’ But ‘‘in the case of demestic and menial 
servants there is a well-known rule, founded solely on 
custom, that their contract of service may be deter- 
mined at any time by giving a month’s warning or 
paying a month’s wages, but a domestic or other 
yearly servant, wrongfully quitting his master’s ser- 
vice, forfeits all claim to wages for that part of the 
current year during which he has served, and cannot 
claim the sum to which his wages would have amounted 
had he kept his contract, merely deducting therefrom 
one month’s wages. Domestic servants have a right 
by custom to leave their situations at any time on pay- 
ment of a calendar month’s wages in advance, just as 
a master may discharge them in a similar manner’”’ 
(Manley Smith's Law of Master and Servant, chaps. 
ii. and 1ii.). The master’s right to chastise a servant 
for dereliction of duty (which appears to be still recog- 
nized in some American cases) is no longer sustained 
in English law, unless perhaps in the case of servants 
under age, to whom the master stands in loco parentis. 

The following are assigned by Manley Smith as in 
general sufficient grounds for discharging a servant :— 
(1) wilful disobedience of any lawful order; (2) gross 
moral misconduct; (3) habitual negligence; (4) in- 
conipetence or permanent disability caused by illness. 

A master has a right of action against any person 
who deprives him of the services of his servant, by 
enticing him away, harboring or detaining him after 
notice, confining or disabling him, or by seducing his 
female servant. Indeed the ordinary and only avail- 
able action for seduction in English law is in form a 
claim bya parent for the loss of his danghter’s services. 

The death of either master or servant in general 
puts an end to the contract. A servant wrongfully 
discharged may either treat the contract as rescinded 
and sue for services actually rendered, or he may bring 
a special action for damages for the breach. A master 
is bound to provide food (but apparently not medical 
attendance) for a servant living under his roof, and 
wilful breach of duty in that respect is a misdemeanor 
under 24 & 25 Vict. e. 100. 

A servant has no right to demand ‘‘a character”’ 
from an employer, and if a character be given it will 
be deemed a privileged communication, so that the 
master will not be liable thereon to the servant unless 
it be false and malicious. A master by knowingly 
giving a false character of a servant to an intending 
employer may render himself liable—should the ser- 
rant for example rob or injure his new master. 

For penalties incurred by personating masters and giving 
false certificates of character, or by persons offering them- 
selves as servants with false or forged certificates, see 32 
Geo, ILL. ¢. 56. 

Reference may be made to the article on LABOR AND 
LAsBor Laws for the cases in which special terms have 
been introduced into contracts of service by statute (¢.y., 
Truck Act), and for the recent legislation on the subject 
generally, including the Employers’ Liability Act, 1880. 

The master’s liability on the contracts of his servant 
depends on altogether different principles from those on 
which his liability for negligence has been justified. It is 
substantially a case of liability as principal for the acts of 
an agent. ‘The main question im all cases is whether the 
alleged agent had authority to make a contract for his 
principal, and in the relation of master and servant there 
may be any variety of circumstances giving rise to that 
presumption. Here the rights of third persons have to be 
considered, and the master will be held liable to them 
wherever he has “by words, conduct, or demeanor held out 
his servant as a general agent, whether in all kinds of 
business or in transacting business of a particular kind,’— 
even if the servant should act contrary to express orders. 
For example, a horse-dealer sending his servant to market 
with a horse to sell will be liable on the servant’s warranty, 
although he has been positively ordered not to warrant ; 
whereas an owner sending a stranger to sell would not be 
liable on a warranty given contrary to express directions. 


MASTIO, or Masricn, a resinous exudation obtained 
from the lentisk, Pistacia Lentiscus, an evergreen shrub 
of the natural order Anacardiacee, The lentisk or 
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mastic plant is indigenous to the Mediterranean coast 
region from Syria to Spain, but grows also in Portu- 
gal, Morocco, and the Canaries. Although experi- 
ments have proved that excellent mastic might be ob- 
tained in other islands in the archipelago, the produc- 
tion of the drug has been, since the time of Dios- 
corides, almost exclusively confined to the island of Scio. 
The mastic districts of that island are for the most 
part flat and stony, with little hills and few streams. 
The shrubs are about 6 feet high. The resin is con- 
tained in the bark and not in the wood, and in order 
to obtain it numerous vertical incisions are made, dur- 
ing June, July, and August, in the stem and chief 
branches. ‘The resin speedily exudes and hardens into 
roundish or oval tears, which are collected, after about 
fifteen days, by women and children, in little baskets 
lined with white paper or cotton wool. The ground 
around the trees is kept hard and clean, and flat pieces 
of stone are often laid beneath them to prevent any 
droppings of resin from becoming contaminated with 
dirt. ‘The collection is repeated three or four times 
between June and Beptamnber, a fine tree being found 
to yield about 8 or 10 tb of mastic during the season. 
Besides that obtained from the incisions, mastic of 
very fine quality spontaneously exudes from the small 
branches. The harvest is affected by showers of rain 
during the period of collection, and the trees are much 
injured by frost, which is, however, of rare occurrence 
in the districts where they grow. 


Four qualities of mastic are recognized by the dealers in 
Scio. 

1. Cake, consisting of large pieces, sold chiefly for use 
in the seraglios, being chewed by women of all ranks 
throughout the Turkish empire, for the purpose of impart- 
ing an agreeable odor to the breath. This quality is worth 
120 to 130 piastres per oke (of 2.83 Ib) or even more, 

2. Large tears, worth 90 to 100 piastres, 

3. Small tears, valued at 75 to 80 piastres. 

4, Mastic mixed with fragments of leaves and sand, 
chiefly consumed in the manufacture of the Turkish liqueur, 
or mastic brandy, called raki, and other cordials. 

The third sort, in small tears, is that which is chiefly 
exported to England, the first and second qualities being 
sent to Turkey, especially Constantinople, also to Trieste, 
Vienna, and Marseilles. 

These varieties are known to the dealers as «vAtr6, pdto- 
Kdpt, mrra, and ¢dodda respectively. 

Mastic still forms the principal revenue of Scio. In 1871, 
28,000 tb of picked and 42,000 tb of common were exported 
from that island, the former being worth 6s. 10d. and the 
latter 2s. 10d. per tbh. The ayerage price in London varies 
from 2s. 6d. to 4s. 6d. per Ib. 

During the 15th, 16th, and 17th centuries mastic enjoyed 
a high reputation as a medicine, and formed an ingredient 
in a large number of medical compounds, but its use in 
medicine is now almost obsolete. 

Mastic occurs in English commerce in the form of roundish 
tears about the size of peas, some of them, however, being 
oblong or pear-shaped. They are transparent, with a glassy 
fracture, of a pale yellow or faint greenish tinge, which 
darkens slowly by age. When chewed they rapidly soften, 
by which character they are easily distinguished from San- 
darac resin, which while bearing a strong resemblance to 
mastic occurs in tears of a more cylindrical shape. The 
mastic which has been imported of late years presents a 
bright glassy appearance from haying been washed free 
from dust. 

Mastic is soluble in turpentine, chloroform, ether, ace- 
tone, and oil of cloves; but cold alcohol dissolyes only 90 
per cent, of it. The soluble portion is called Alpha resin 
(O°H*?08), and possesses acid properties. The insoluble 
portion, Beta resin or Masticin, is somewhat less rich in 
oxygen, and is a translucent colorless tough substance in- 
soluble in caustic alkali. 

Pistacia Khinjuk, Stocks, and P. cabulica, St., trees grow- 
ing throughout Sindh, Baluchistan, and Cabul, yield a 
kind of mastic which is met with in the Indian bazaars 
under the name of Mustagirémi, i.e., Roman mastic. This 
when met with in the European market is known as Hast 
Indian or Bombay mastic. In Algeria P. atlantica, Desf., 
yields a solid resin, which is collected and used by the 
Arabs as a masticatory. Cape mastic, used by the colonists, 
but not exported to England, is the produce of Huryops 
multifidus, the resin bush, or harpuis bosch, of the Boers,— 
a plant of the composite order growing abundantly in the 
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Clanwilliam district. Dammar resin is sometimes sold un- 
der the name of mastic. The West Indian mastic tree is 
the Bursera gunmifera, and the Peruvian mastic is Schinus 
molle; but neither of these furnishes commercial resins. 


MASTODON (from pacréc, “ nipple,’’ and ddote, 
‘“tooth’’), a name, suggested by the conical or papil- 
lary form of the projections on the molar teeth of some 
of the species, given by Cuvier to a genus of extinct 
elephant-like animals. Their position in the suborder 


Proboscidea of the great order Ungulata has been in- ° 


dicated in the article MAMMALIA (p. 481 of the pres- 
ent volume). 

In size, general form, and principal osteological 
characters the Mastodons resembled the Klephants. 
It is by the teeth alone that the two groups are to be 
distinguished, and, as shown in the article just re- 
ferred to, so numerous are the modifications of these 
organs in each, and so insensibly do they pass by a 
series of gradations into one another, that the distine- 
tion between the two is an arbitrary and artificial one, 
though convenient and even necessary for descriptive 
purposes. 

As in other Proboscideans, the teeth of Mastodons 
consist only of incisors and molars. ‘The incisors or 
tusks are never more than a single pair in each jaw. 
In the upper jaw they are always present and of large 
size, but apparently never so much curved as in some 
species of Hlephant, and they often have longitudinal 
bands of enamel, more or less spirally disposed upon 
their surface, which are not met with in Elephants. 
Lower incisors, never found in true Hlephants, are pres- 
ent throughout life in some species of Mastodon, which 
have the symphysis of the lower jaw greatly elongated 
to support them (asin JZ angustidens, M. pentelie/, and 
M. longirostris (see fig. 1, C). In the common Ameri- 
can species (J/. ohioticus, Bluamenbach) there were two 
tusks in the lower jaw in the young of both sexes; 
these were soon shed in the female, sar one of them 
was retained in the male. In other species no inferior 
tusks have been found, at all events in adult life (see 
figure of J. turicensis). 

The molar teeth are six in number on each side, 
increasing in size from before backwards, and, as in 
the Hlephants, with a horizontal succession, the an- 
terior teeth being lost before the full development of 
the posterior teeth, which gradually move forward, 
taking the place of those that have been destroyed by 
wear. ‘This process is, however, not so complete as in 
the true Elephants, and as many as three teeth may 
be in place in each jaw at one time. ‘There is, more- 
over, In many species a true vertical succession, affect- 
ing either the third, or the third and second, or (in 
one American species, JI, productus) the first, second, 
and third of the six molariform teeth. These three 
are therefore reckoned as milk molars, and their sue- 
cessors as premolars, while the last three, which are 
never changed, correspond to the true molars of those 
animals in which the typical dentition is fully developed. 
The study of the mode of succession of the teeth in the 
different species of Mastodons is particularly interesting, 
as it exhibitsso many stages of the process by which the 
very anomalous dentition of the modern Hlephants may 
have been derived by gradual modification from the typi- 
cal heterodont and diphyodont dentition of the ordinary 
Mammal. It also shows that the anterior molars of 
Hlephants do not correspond to the premolars of other 
Ungulates, but to the milk molars, the early loss of 
which in consequence of the peculiar process of hori- 
zontal forward-moving succession does not require, or 
allow time for, their replacement by premolars. It 
must be noted, however, that, in the Mastodon in 
some respects the least specialized in tooth-structure, 
the J. ohioticus of North America, no vertical suc- 
cession of the molars has yet been observed, although 
vast numbers of specimens have been examined, 

The Mastodons have, generally speaking, fewer ridges 
on their molar teeth than the Elephants; the ridges are 
also less elevated, wider apart, have a thicker enamel 
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covering, and scarcely any cementum filling up thespace | the apices of these are worn by mastication, their 
between them. Sometimes (as in Jf. ohioticus) the | surfaces resemble circles of dentine, surrounded by a 


ridges are simple transverse wedge-shaped elevations, 
ith straight or concave edges. In other species the 
summits of the ridges are more or less subdivided into 
conical cusps, and may have accessory cusps clustering 
around them (as in WM. arvernensis, see fig. 2). When 


Fia. 1.—Mastodon turicensis (Pliocene). 


in both Elephants and Mastodons have the same num- 
ber of principal ridges, aifd those in front of them have 
fewer and those behind a greater number. These teeth 
were distinguished as “‘ intermediate ’’ molars by Dr. 
Falconer, to whose extensive and conscientious re- 
searches we owe much of our knowledge of the struc- 
ture of this group of animals. In the restricted genus 
Elephas there are only two, the last milk molar and 
the first true molar (or the third and fourth of the 
whole series), which are alike in the number of ridges ; 
whereas in the Mastodons there are three such teeth, 


Fria. 2.—Upper Molar of Mastodon arvernensis. From Owen. 


the last milk molar and the first and second true molars 
ek the third, fourth, and fifth of the whole series). 

nthe Klephants the number of ridges on the inter- 
mediate molars always exceeds five, but in the Masto- 
dons it is nearly always three or four, and the tooth in 
front has usually one fewer and that behind one more, 
so that the ridge formula (7.¢., a formula expressing 
the number of ridges on each of the six molar teeth) 
of most Mastodons can be reduced either to 1, 2, 3, 3, 
3, 4, or 2, 3, 4, 4, 4, 5. "he former characterizes the 
section called 7ilophodon, and the latter that called’ 
Tetralophodon by Dr. Falconer. These divisions are 
very useful, as under one or the other all the present 


known species of Mastodon can be ranged, but obser- 


border of enamel, and as the attrition proceeds different 
patterns are duced by the union of the bases of’ the 
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cusps, a iiloen or trefoil form being characteristic of 

some species. : : 
Certain of the molar teeth of the middle of the series 


From Sismonda. A, B, M. ohioticus; C, M. longirostris, 


vations upon a larger number of individuals have 
shown that the number of ridges upon the teeth is by 
no means so constant as implied by the mathematical 
formulee given above. ‘Their exact enumeration is 
even difficult in many cases, as ‘‘talons’’ or small ac- 
cessory ridges at the hinder end of the teeth occur in 
various stages of development, until they take on the 
character of true ridges. ‘Transitional conditions have 
also been shown, at least in some of the teeth, be- 
tween the trilophodont and the tetralophodont forms, 
and again between the latter and what has been ealled 
a ‘‘ pentalophodont’’ type, which leads on towards the 
soittttian of dental structure characteristic of the true 
Elephants. 

The range of the genus Mastodon in time was from the 
middle of the Miocene period to the end of the Pliocene in 
the Old World, when they became extinct ; but in America 
several species—especially the best-known, owing to the 
abundance of its remains, which has been variously called 
M. ohioticus, M. americanus, and M. giganteus—survived quite 
to a late Pleistocene period. 

The range in space will be best indicated by the follow- 
ing list of thé generally recognized species. 1, Trilopho- 
dont series—M. angustidens, borsoni, pentelici, pyrenaicus, tapi- 
roides (ov twricensis), virgatidens, from Europe; M. falconeri 
and pandionis, from India; M. ohioticus, obscurus, and pro- 
ductus, North America; and M. andium and humboldtii, South 
America. 2. Tetralophodont series—M. arvernensis, M. dis- 
similis and longirostris, from Europe; M. latidens, swalensis, 
and peramensis, from India; M. mirificus, from North 
America. The only two of which remains have been found 
in Great Britain are M. arvernensis and M. borsoni, both from 
the crags of Norfolk and Suffolk. 

The range of the genus was thus very extensive, and it 
has even been supposed to reach to Australia, where no 
Ungulate mammal has ever been proved to exist. This 
supposition until very recently has been based upon the 
evidence of a single molar tooth of an animal undoubtedly 
belonging to Mastodon, and alleged to have been brought 
from near Boree Creck, an affluent of the Lachlan river in 
the Ashburnham district, New South Wales, by the late 
Count Strzelecki, and described by Professor Owen in 1844 
under the name of M. australis. Its identity with the South 
American M. andium has, however, been shown by Dr. Fal- 
coner, Whv has thrown grave doubts upon the locality as- 
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signed to the specimen. A fragnient of a tusk, of the Aus- 
tralian origin of which there is less question, and which 
presents the characteristic structure only known at present 
in Elephants and Mastodons, has been lately described by 
Professor Owen (Proc. Roy. Soc., March 30, 1882). It was 
found in a drift-deposit of a ravine in a district of Darling 
Downs, 60 miles to the eastward of Moreton Bay, Queens- 
land. Unfortunately no other portions of the remains of 
the animal to which it belonged have been discovered. 
Bibliography.—Cuvier, Ossemens Fossiles ; Falconer and Cautley, 
Fauna Antiqua Sivalensis, 1846-47; H, Falconer, Palwontological 
Memoirs, edited by C. Murchison, 1868; Warren, Description of the 
Skeleton of Mastodon giganteus, 1852; Owen, British Fossil Mammals ; 
Lartet, “Sur la dentition des Proboscidiens, ete.,” in Bull. dela Soe. 
Géologique de France, ser. 2, Vol. xvi, p. 469, 1859 ; A.Gaudry, Animaue 
Fossiles ét Géologie de U Attique, 1862-67; J..Leidy, Contributions to Bx- 
tinet Vertebrate Fauna of the Western Territories, vol. i., 1878; R. Lydek- 
ker, ““Siwalik and Narbada Proboscidea,” in Memoirs of the Geolog- 
ical Survey of India, 1880. W. H. F.) 


MASSUDY. Abii’l-Hasan ‘Alf ibn Hosein ibn ‘Alf 
el-Mas'tidy,' was born at Baghdad towards the close of 
the 9th Christian century. Great part of his life was 
spent in travel; in 912-13 A.D. he was at Multan in 
the Punjab, and also visited Manstira. Three years 
later he was at Basra and met Abu Zeid, the geog- 
rapher, whose remarks on the extreme Hast are com- 
yrised in Reinaud’s /elution des Voyages (Paris, 1845). 
His writings and those of Mas‘vidy are indebted each 
to the other. In the interval it would seem our travel- 
ler had gained that personal acquaintance with Fars 
and Susiana, and that knowledge of the books of the 
Persians, of which he speaks in his writings. Once 
more turning eastward he was at Cambay in 915-16, 
and soon after at Saimuir. Hence he pushed on to 
Ceylon and sailed to Madagascar, returning to ‘Oman 
in 916-17. In the introduction to the Meadows he 
seems also to say that he had journeyed as far as China, 
A northern journey carried Mas'‘tidy as far as the Cas- 
pian Sea. In 926 he was at Palestine, where his curi- 
osity, not limited by religious prejudice, led him to 
visit the Christian church and describe its relics. In 
943-44 he made a careful study of the ruins of Antioch, 
and subsequently proceeded to Basra. In the same 
year he composed the Meadows of Gold. 'The last ten 
years of his life were passed in Syria and Egypt. His 
ast work, he Indicator and Monitor, was written 
345 A.t., and his death took place in Hgypt the same 
year (956-57 A.D.).? The vast journeys of Mas‘tidy did 
not pass beyond the lines of commercial enterprise 
among the Moslems of those days, when ‘Irak was not 
unjustly held to be the centre of the world, and the 
arms, the trade, and the religion of Islam penetrated 
to the remotest parts of Asia and Africa. But 
Mas‘tidy did not travel for gain. His object was to 
study with his own eyes the peculiarities of every land, 
and to collect. whatever was of interest for archeology, 
history, and manners. Singularly free from bigotry— 
he was himself a Mo'tazilite, one of the heretical sect, 
as they were reckoned, who held the doctrine of man’s 
free will—he was ready to derive information even 
from the writings of infidel Persians or of a Christian 
bishop.* In the range of his observations ‘and the naive 
uncritical honesty with which he records them he has 
naturally suggested comparison with Herodotus, and 
so competent a judge as Ibn Khaldtin gives him the 
title of imam of Hastern historians, an epithet precisely 
parallel to that borne by Herodotus among the his- 
torians of the West. The parallel, however, must be 
taken with great deductions. Of the Meadows, the 
work by which Mas'‘tidy is chiefly known, by far the 
vreater part is an historical compilation, enlivened in- 
deed in some parts by personal recollection of places 
and the like, but mainly drawn from a vast mass of 


1 The surname is derived from an ancestor Mas‘iid, a Meccan, 
whose son ‘Abdalla accompanied Mohammed on his flight to Me- 
dina, and is often mentioned in the history of the prophet. De- 
cok as to the family are given by Reiske, Ann. Mos., vol. i., note 
208. 

2 See De Sacy, Chrest., Ist ed. ii. 490. 

3 In the Meadows, iti. 69, he tells us that at Fostét (Old Cairo), in 
336 a.H., there fell into his hands a chronicle (now lost) by God- 
mer, bishop of Gironne, which he uses for his narrative. 
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earlier books,‘ which are used in the common paste-and- 
scissors fashion of Hastern history. Even in the earlier 
cosmographical chapters the author’s vast and miscel- 
laneous reading, hich included the Arabic transla- 
tions of Ptolemy and other Greek writers, is mingled 
with his original observations in that ill-digested style 
so often characteristic of men of prodigious acquisitive 
power ; and the presentation of facts falls as far short 
of freshness and the artistic charm of the inimitable 
Jrecian raconteur as the shapeless details of universal ° 
history, as it appeared to the Moslem, fall short of the 
epic interest of the great struggle for supremacy be- 
tween Hran and Hellas. 


Mas tidy has himself sketched his literary activity in the 
opening chapter of the Meadows and in his last book The In- 
dicator, In his huge Annals (Akhbar el-Zemén) and in a sec- 
ond work of less extent (Kitdb el-Awsat) which followed it 
he summed up the whole cosmographical and geographical 
science of his age. These works are lost or known only by 
fragments, but we possess an abridgment in the author’s 
third great work The Meadows of Gold and Mines of Precious 
Stones, of which there are many MSS. in European libra- 
ries. It was printed by Barbier de Meynard with a French 
translation, 9 vols. 8vo, Paris, 1861-77, and at Balak in 
1867 (2 vols. folio), The first volume of an English trans- 
lation by Sprenger appeared at London in 1841; but the 
work was not continued. The Kit4b-el-Tanbih (Indicator 
and Monitor) exists in MS. at Paris, and has been fully de- 
scribed by De Sacy in Notices et Lxtraits, vol. viii., 1810 (re- 
printed at the end of the Paris edition of the Meadows, 
where a list of other works of our author is given). See 
also Quatremére in Jour. As. for January, 1839, and the 
article “‘Masoudy,” by Reinaud, in the Now. Biog. Générale. 


MASULIPATAM, the chief town of Kistna dis- 
trict, Madras, India, and a seaport, is situated in 16° 
9’ N. lat., 81° 117 K. long., with a population in 1871 
of 36,316. The export trade is partly to Europe; 
imports are chiefly local. In 1874-75 235 vessels of 
106,000. tons burden visited the port; the exports 
(oil-seeds and cotton) amounted to £171,400, the im- 
ports to £119,600. 'The town contains the usual dis- 
trict offices, a jail, and several schools, the chief being 
the high school. It is a flourishing station of the 
Church Missionary Society. 

Masulipatam was the earliest British settlement on the 
Coromandel coast. An agency was established there in 
1611, and a fortified factory in 1622. During the wars of 
the Carnatic, the English were temporarily expelled the 
town, which was held by the French for some years. In 
1759 the town and fort were carried by storm by Colonel 
Forde,, and it has been held by the British ever since. 
Weavers form a large portion of the inhabitants of the 
town, though their trade has greatly declined since the 
beginning of this century. Their operations, besides weavy-_ 
ing, include printing, bleaching, washing, and dressing. 
In former days the chintzes of Masulipatam had a great 
reputation abroad for the freshness and permanency of their 
dyes, the colors becoming brighter after washing than be- 
fore. There is still a small demand for these articles in 
Burmah, the Straits, and the Persian Gulf; but steam ma- 
chinery has nearly beaten the hand-loom out of the field. 
Another specialty was metapollams or kerchiefs for the head ; 
but this industry was ruined by the refusal of the West 
Indian negroes to wear these kerchiefs after their emanci- 
pation. Tartans, ginghams, towels, and table linen are 
still manufactured to some extent. The importance of the 
place is now declining, and the garrison was withdrawn in 
1865. The heaviest blow to the prosperity of the town was 
given by the great storm-wave of 1864, which swept over 
the entire town, and is said to have destroyed 30,000 lives. 


MATAMOROS, a city of Mexico, in the province 
of Tamaulipas, on the southern bank of the Rio 
Grande, about 35 miles from its mouth, and directly 
opposite Brownsville in Texas. Built in an open 
plain, Matanioros has its streets laid out with great 
regularity ; and the general appearance gives evidence 
at once of its recent rise into importance and of the 
influence of the architectural fashions of the United 
States. The principal building is the large, but heavy- 
An extensive traffic, both legiti- 
mate and contraband, is carried on between Matamoros 

4 Of these the first chapter gives an interesting catalogue. 
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and Brownsville, and in spite of the bar at the mouth 
of the river, which in foul weather prevents the en- 
trance even of small schooners, the place is not with- 
out its value to Mexico asa foreign port. Thé imports 
of American and of Huropean goods are valued each at 
about $1,100,000, with a growing preponderance on 
the side of the American. Cotton, flax, silk, and 
woollen goods are the main items in the Huropean list ; 
cottons, leat tobacco, wheat flour, machinery, and 
preserved meats in the American. Hides and skins, 
live animals, and wool are the principal exports apart 


from coin and bullion, which are largely smuggled to , 


avoid the export duty. The population is about 


20,000. 


Founded in the beginning of the century, and named in 
honor of the Mexican patriot Mariano Matamoros, the city 
has played a part in all the more recent wars. It was cap- 
tured by General Taylor of the United States in 1846, was 
in the hands of the imperialists under Mejia in 1864, and 
was occupied by the French in 1866. 


* 


MATANZAS, or SAN CARLOS DE MATANZAS, a 
city and seaport on the north coast of Cuba, and the 
chief town of a province, lies 52 miles east of Havana, 
with which it is connected by rail. It is a well-built 
place of from 36,000 to 40,000 inhabitants, occupying 
a fine site at the head of the Bay of Matanzas, and 
separated from its suburbs Pueblo Nuevo and Ver- 
sailles by the San Juan on the one hand and the Ya- 
murri on the other. In the centre of the principal 
square is a statue of Ferdinand VII., and along the 
east side runs the residence of the commandant. The 
new theatre is the handsomest building of its kind in 
Cuba, and the Empresa Academy has the repute of 
being one of the best educational institutions in the 
West Indies. As acommercial centre Matanzas ranks 
next to Havana, having risen rapidly after the removal 
of the old trade restrictions in 1809. The exports are 
mainly sugar and molasses. The harbor has been de- 
teriorated by the mud brought down by the San Juan; 
but the bay is well sheltered from all winds except the 
northeast, which brings in a heavy sea. Matanzas was 
founded in 1693 by a number of immigrants from the 
Canary Islands, and in the same year Bishop Com- 
postello laid the first stone of the cathedral. The city 
suffered severely from a conflagration in 1845. About 
2 miles to the east are the beautiful stalactite caves 
of Bellamar, about 3 miles in extent. 

MATARO, a Mediterranean seaport. of Spain, in 
the province of Barcelona, 21 miles to the northeast 
of that city, is beautifully situated on the lower slopes 
and at the foot of the range of hills which skirt the 
coast, and shelter the town from the cold northern 
winds. The streets of the new town, lying next the 
sea, are wide and regularly built; those of the old 
town, farther up the hill, still preserve much of their 
ancient character. ‘The parish church of Santa Maria 
has some good pictures and wood carvings; other 

rominent public buildings are the theatre, the civil 
Roapital. and the establishments of the Padres Kscola- 

ios. There are small schools of navigation and the 

ne arts. ‘The wine of the neighborhood, which some- 
what resembles port, is shipped in large quantities 
from Barcelona; and the district furnishes fine 
roses, strawberries, and similar produce for the Barce- 
lona market. ‘There isa considerable fishery, the pro- 
ducts of which are sent inland to Manresa and other 
places. The leading industries of Mataré are its linen, 
woollen, and cotton manufactures, especially of canvas 
‘and tarpaulin; several hundreds of women are em- 
ployed in the town and neighborhood in lace-making ; 
there are also potteries, machine-making, and chemi- 
cal works, and shipbuilding is carried on to some 
extent. The railway to Barcelona, opened in October, 
1848, was the first to be constructed in Spain. Mataré 
has no artificial harbor, several attempts to make one 
having failed; the trade is carried on chiefly through 
Barcelona. The population in 1877 was 17,405. Out- 
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side the town is the much-frequented carbonated mine- 
ral spring of Argentona. 

MATCHES. — Till the close of the 18th century flint 
and steel with tinder-boxes and sulphur-tipped splints 
of wood—‘‘spunks’’ or matches—were the common 
means of obtaining fire for domestic and other purposes. 
The sparks struck off by the percussion of flint and steel 
were made to fall among the tinder, which consisted of 
carbonized fragments of cotton and linen; the entire 
mass of the tinder was set into a glow, developing 
sufficient heat to ignite the sulphur with which the 
matches were tipped, and thereby the splints them- 
selves were set on fire. Instead of tinder, match-paper 
or touch-paper, a thick bibulous paper impregnated 
with saltpetre (nitrate of potash), and amadou or Ger- 
man tinder, a thick leathery and porous preparation 
ce the fungus Polyporus fomentarius, were often 
used. 

It was not till 1805 that any attempt was made to 
use chemical agency for the ordinary production of fire. 
In that year M. Chancel, assistant to Professor Then- 
ard of Paris, introduced an apparatus consisting of a 
small bottle containing asbestos, saturated with strong 
sulphuric acid, with splints or matches coated with 
sulphur, and tipped with a mixture of chlorate of 
yotash and sugar. The matches so prepared, when 

rought into contact with the sulphurie acid in the 
bottle, ignited, and thus, by chemical action, fire was 
produced. It appears also that in the same year phos- 
phorus matches were known in Paris, and in 1809 
Derepas proposed to lessen the dangerously great in- 
flammability of the phosphorus match by making an 
igniting mixture of that element with magnesia. It 
is also said that M. Derosne made a friction match 
with a phosphorus tip in 1816. Again in 1823:a phos- 
phorus match was proposed, but it came into little 
use. In this case the composition consisted of equal 
parts of phosphorus and sulphur cautiously melted 
together in a glass tube. The tube was then securely 
corked, and, to obtain a light, a splint was introduced 
into the mixture, and a small pellet detached, which 
on withdrawal and exposure almost spontaneously ig- 
nited. In that year (1823), a decided impetus was 
given to the artificial evolution of fire by the introduc- 
tion of the Débereiner lamp, so called after its inventor 
Professor Dobereiner of Jena. The action of this 
elegant invention depends on the remarkable property 
possessed by spongy or highly porous platinum of de- 
termining the combination of hydrogen and oxygen 
and the formation of water at common atmospheric 
temperatures. In the Débereiner lamp hydrogen is 
evolved in a suitable vessel by the action of zine on 
acidulated water. The gas so liberated, when required, 
is passed through a fine orifice by means of a stopcock, 
and impinging on a mass of spongy platinum mounted 
in a frame it combines with oxygen of the air, thereby 
developing an intense heat, which quickly causes the 
platinum to glow, and ultimately is sufficiently intense 
to set the stream of hydrogen itself on fire. The 
Débereiner lamp is still occasionally seen, but it is 
chiefly used in connection with chemical lectures. 

The first really practical friction matches were made 
in England in 1827, by Mr. John Walker, a druggist 
of Stockton-on-Tees. These were known as ‘‘ Con- 
greves,”’ after Sir William Congreve, Bart., the inven- 
tor of the Congreve rocket, and consisted of wooden 
splints or sticks of cardboard coated with sulphur and 
tipped with a mixture of sulphide of antimony, chlo- 
rate of potash, and gum. ith each box of eighty- 
four, which was retailed at a shilling, there was supplied . 
a folded piece of glass paper, the folds of which were 
to be tightly pressed together, while the match was 
drawn inoue between them. In 1830 the so-called 
‘*Prometheans’’ were patented by Mr. S. Jones of 
London. These consisted of a short roll of paper with 
a small quantity of a mixture of chlorate of potash 
and sugar at one end, a thin glass globule of strong 
sulphuric acid being attached at the same point. When 
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the sulphuric acid was liberatedby pinching the glass 
globule, it acted on the mixed chlorate and sugar, pro- 
ducing fire. 

The phosphorus friction match of the present day 
was first introduced on a commercial scale in 1833; and 
it appears to have been made almost simultaneously i in 
several distinct centres. The name most prominently 
connected with the early stages of the invention is that 
of Preschel of Vienna, who in 1833 had a factory in 
operation for making »yhosphorus matches, fusees, 
and amadou slips cpped with igniting composition. 
At the same time also matches were being made by 
Moldenhauer in Darmstadt; and for a long series of 
years Austria and the South-German states were the 
principal centres of the new industry. Jimprovements 
in the manufacture have been numerous; and the 
industry is now carried on with a complete system of 
ingenious labor-saving machinery, ‘The use of phos- 
phorus as a principal ingredient in the igniting mix- 
ture of matches has not been fre .e from very serious 
disadvantages. Lt is a deadly poison, the free dissemi- 
nation of which has led to many accidental deaths, 
and te to numerous cases of wilful poisoning and 
suicides. Workers also who are exposed to phosphoric 
rapors are subject to a peculiarly distressing disease 
which attacks the jaw and ultimately produces necrosis 
of the jawbone; it appears, however, that, with scrup- 
ulous attention to ventilation and cleanliness, almost 
all risk of the disease may be avoided. Strenuous 
efforts have been made by numerous inventors to in- 
troduce matches haying no phosphorus in their ignit- 
ing mixture, but hitherto with indifferent success. The 
most serious objections to the use of phosphorus 
have, however, been overcome by the discovery of the 
modified condition of that body known as red or amor- 
phous phosphorus, made by Professor Anton Von 
Schrétter of Vienna in 1845, and the utilization of that 
substance in the now well-known ‘safety matches’? 
invented by Lundstrém of Sweden in 1855, and first 
manufactured in the United Kingdom by Bryant & 
May of London. Red phosphorus is, in itself, a per- 
fectly innocuous substance, and no evil effects arise 
from freely working the compositions of which it forms 
an ingredient. ‘The fact again that safety matches 
ignite only in exceptional circumstances on any other 
than the prepared surfaces which accompany the box 
—which surfaces and not the matches themselves con- 
tain the phosphorus required for ignition—makes 
them much less liable to cause accidental fires than the 
kinds more commonly in use. 

Manufacture.—The operations carried on in a match fac- 
tory may be grouped under the four heads of preparing the 
splints, dipping the matches, box-making and filling. The 
varieties of wood principally used for matches are poplar, 
aspen, yellow pine, and white pine. Splints are either 
round or quadrangular, the former having been atone time 
exceedingly common, when Austrian manufacturers ruled 
the markets; but now that Sweden is the principal match- 
manufacturing country, matches are nearly all square in 
section. For cutting square splints many ingenious ma- 
chines have been devised, some of which, worked by en- 
gine-power, can turn out from 15,000,000 to 17,000,000 
splints per day. In Sweden the manufacturers use princi- 
pally aspen or clean-grained pine wood, preferring sections 
12 to 20 inches in diameter, newly felled and full of sap. 
If dry, the wood must be soaked before it is fit for the 
operation through which it passes. The timber is cut into 
blocks about 15 inches long—suflicient for seven matches— 
and being freed from bark it is fixed in.a special form of 
turning lathe, and by means of a fixed cutting tool acting 
on its entire length a continuous veneer or band the thick- 
ness of & match is cut off. With each revolution of the 
block the knife advances proportionately to the thickness 
of the band cut off, and thus a uniformly thick slice 
is obtained continuously. At the same time eight small 
knives cut the veneer into seven separate bands each 
the length of a match,and thus in one operation seven 
long ribbons of wood the length and thickness of a 
match are obtained. These ribbons are next broken into 
lengths of from 6 to 7 feet, knotty pieces are removed, 
and to cut them into single matches they are fed into 
a machine which acts somewhat like a straw-chopper. 
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From 120 to 140 bands are acted on in the apparatus, and 
a ratchet arrangement feeds them forward the thickness of 
a match at each stroke of the cutter, which thus cuts off 
120 to 140 matches per stroke. Worked by hand the machine 
delivers about 5,000,000 splints per day, and by power it can 
be run to turn out double that number. The matches are next 
dried in revolving drums in a heated chamber or stove, and 
thereafter they are sifted in a kind of partitioned sieve to 
free them from fragments and splinters. The sifting pro- 
cess also arranges all the splints in parallel order and in 
uniform quantities, whereby they may be conveniently 
bundled and prepared for the dipping which next follows. 
For the dipping process it is necessary to keep each match 
free from contact with its neighbor, and indeed allow it 
such a space that each may be fully coated, and yet there 
be no danger of the igniting composition clotting the heads 
into one mass. ‘To effect this the splints are by an ingeni- 
ous machine separately arranged at uniform intervals be- 
tween the lathes of a dipping frame. The dipping frames 
are made about 18 inches square, and are fitted with 44 
movable lathes. Between each pair of lathes 50 splints are 
inserted by the machine, and when tightened up by screws 
each frame thus contains 44 x 50= 2200 splints placed at 
regular intervals, the heads of which are ull on the same 
level. <A single attendant can place, by aid of the machine, 
about 1,250,000 matches in the dipping frames per day. 
The dipping is done in a stove of masonry which contains 
three square flat-bottomed shallow pans. In the first the 
splints are heated so as to facilitate the absorption of paraf- 
fin; in the second their points are dipped into molten 
paraffin scale; and in the third they receive their heads or 
tips of igniting composition, that mixture being kept in a 
uniform thin stratum in the pan, or in some cases it is sup- 
plied by an endless india-rubber belt which revolves and 
dips into the composition. A skilful workman can dip 
from 3500 to 4000 frames, or about 8,000,000 matches a day. 
The frames so dipped are afterwards arranged in a heated 
apartment till the igniting composition is dried, after 
which the matches are taken out and put up in boxes by 
hand. 

Match splints in the factories of the United Kingdom are 
generally cut in lengths suitable for two matches, and 
dealt with in that form throughout, The splint-ecutting 
machine patented by John Jex Long of Glasgow in 1871 
differs essentially from the Swedish splint-making ma- 
chinery above alluded to; it acts on squared blocks two- 
match length, and is capable of producing up to 17,000,000 
matches per day. 

The object of dipping in melted paraffin is, of course, to 
secure more ready ignition of the wood. Sulphur was for- 
merly employed for that purpose; and enormous quantities 
of the cheaper matches made on the Continent and in 
America continue to be sulphur dipped. The cheaper kinds 
are frequently “ bundle-dipped” in the molten sulphur, 
after which their points are merely pressed against the 
igniting composition. 

The chief element in the igniting mixture of ordinary 
matches is still common phosphorus, combined with one 
or more other bodies which readily part with oxygen under 
the influence of heat. Chief among these latter substances 
is chlorate of potash, the body which causes the sharp ex- 
plosive sound when a common match is struck, and to the 
use of which there is a strong objection on the Continent 
from the fear of explosions in dealing with the substance 
in large quantities. The other oxygen-yielding bodies 
eommonly found in matches are red lead, nitrate of lead, 
bichromate of potash, and peroxide of manganese. The 
proportions in which any of these bodies is present in 
various igniting compositions are kept trade secrets ; they 
vary greatly, as special regard must be given to matches 
for damp climates, or for ocean transport, and to other con- 
siderations. The igniting agents are made into a paste 
with glue or gum as an adhesive agent, a little fine sand or 
powdered glass, and some coloring ingredient such as cinna- 
bar, smalt, magenta, or Prussian blue, Matches in which 
amorphous phosphorus takes the place of the common vari- 
ety, notwithstanding several obvious advantages, have 
never come into general use. They were shown in the 
Great Exhibition of 1851 by Bell & Black of London; and 
Foster & Warwa of Vienna, one of the earliest match- 
making firms, long continued to make them, as did also 
Cogniet Pére et Fils of Paris. As made by these and other 
makers they were difficult to strike, requiring a special 
rough rubbing surface. The head frequently broke away 
in the attempt to light them, and when they did inflame it 
was with explosive violence and a loud spluttering noise. 
Dr. Von Schrotter, the discoverer of amorphous phosphorus, 
claims to have found a means of preparing combinations of 
amorphous phosphorus with chlorate of potash and other 
oxygen-yielding compounds of all degrees of combustibility, 
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and he states that Hochstatter of Frankfort now manufac- 
tures matches with amorphous phosphorus composition 
which may be ignited by rubbing on a cloth surface, which 
inflame quietly, burn without smell or sparking, are not 
influenced by damp, and are cheaper than common phos- 
phorus matches. The use of amorphous phosphorus—but 
on the rubbing surface only and not in the dipping compo- 
sition (safety matches)—was first suggested by Béttger, but 
it was not until a patent was secured by Lundstrém in 1855 
that the matches were brought into the market. Accord- 
ing to J. G. Gentele, the elements of the dipping mixture 

' for the heads are—chlorate of potash, 32 parts; bichromate 
of potash, 12; red lead, 32; sulphide of antimony, 24; and 
the ingredients of a suitable rubbing surface are eight 
parts of amorphous phosphorus to nine of sulphide of anti- 
mony. There is no doubt, however, that here too there is 
considerable diversity in the composition of the mixtures. 
Igniting compositions entirely free from phosphorus de- 
pend for their moderate degree of efficiency on the use of 
such agents as chlorate of potash, sulphide of antimony, 
bichromate of potash, and red lead. 

“Vestas” are matches in which short pieces of “wax 
taper” are used in place of wooden splints. The taper is 
prepared by drawing a series of wicks or strands of twenty 
to thirty fine cotton threads through molten stearin, with 
some proportion of paraffin. The wax quickly hardens on 
the threads, agglutinating them to irregular hard strands, 
which are smoothed and rounded to the required size by be- 
ing drawn through iron plates perforated with holes the size 
of the required taper. The tapers are cut to the match 
lengths, and set in dipping frames by special machines. 
The making of vestas is an industry only second in extent 
to the wooden match manufacture,—its headquarters being 
London, Manchester, Marseilles, and the north of Italy. 
Fusees for the use of smokers are made of strips of thick 
porous paper saturated with saltpetre and bichromate of pot- 
ash, and tipped with ordinary composition. They are now 
almost entirely supplanted by vesuvians, which consist of 
large oval heads on both ends of a round splint. These heads, 
made by repeated dipping, consist of a porous mixture of 
charcoal, saltpetre, cascarilla or other scented bark, glass, 
and gum, and they also are tipped with common igniting 
composition. 

Ordinary match boxes are made of thin veneers or skillets 
of wood the same as used in splint making. The blocks used 
yield skillets the exact size of the box or cover to be made, 
and the machine which shaves skillets off the block also 
scores them along the lines by which they must be bent to 
form the box. The folding, covering with paper, and label- 
ling are operations performed by young girls with remark- 
able rapidity. In dealing with double splints, the matches 
are at the boxing stage cut asunder in small bundles with 
a lever knife by the box filler, who acquires such delicacy 
of perception that at each operation she seizes and divides 
the exact quantity required to fill two boxes. A good hand 
will in this way fill 35 to 40 gross of boxes per day. 

It is calculated that in the principal European countries 
from six to ten matches are used for each inhabitant daily. 
There is no way by which an exact estimate of the extent 
of the trade in the United Kingdom can be obtained; but 
competent authorities believe the yearly value of the 
matches made to be not less than £1,500,000, and that the 
makers turn out about 300,000,000 matches daily. Of all 
the makers Messrs. Bryant & May are by far the most ex- 
tensive; and next comes the Bell and Black company, 

.formed of a combination of makers in London, Glasgow, 
Manchester, and York. In France the right to manufac- 
ture matches is a Government monopoly farmed to the 
Compagnie générale des allumettes chimiques for an annual 
payment of 16,000,000 francs, with 6 centimes extra per 
hundred matches in excess of forty milliards sold yearly. 
The company has concentrated the whole of the manufac- 
ture into twelve establishments, the largest of which are 
at Marseilles. The effect of the monopoly in France is 
that matches are very costly, and the average consumption 
per head throughout the country is considerably less than 
in other countries. Sweden is the country which in recent 
years has been most intimately identified with the growth 
of the industry. In that country, including with it Nor- 
way, there were in 1880 forty-three match factories, many 
of them large, that of Jonképing being among the most 
extensive in the world. The quantity of matches exported 
that year was about 19,000,000 tb (22,900,000 skal-punds), 
probably representing 50,000,000,000 matches. The yearly 
exports have increased fourfold since 1870, and are still 
rapidly extending. In Germany there are two hundred 
and twelve factories, which are estimated to make yearly 
about 60,000,000,000 matches; and Austria-Hungary—the 
original seat and centre of the manufacture—possesses one 
hundred and fifty establishments, whence large quantities 
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of matches are exported to Russia, Turkey, Asia Minor, and 
the neighboriug states of Italy. Throughout Europe about 
1200 tons of phosphorus are annually consumed in the 
manufacture of matches, the greater proportion being pro- 
duced in England. 

In the United States a tax of one cent per box contain- 
ing one hundred is levied on matches manufactured in 
the country, in addition to which there is an ad valorem 
duty of 35 per cent. on all matches imported, The internal 
revenue tax of a cent per box is subject to a reduction of 10 
per cent. to manufacturers, with an additional discount of 
5 per cent. on the purchase of the stamps used for the boxes 
when quantities exceeding in value $50 are purchased at 
one time. The result of these fiscal arrangements has been 
to favor large monopolizing companies. Although there 
are nearly thirty manufactories in the States at present, 
practically the match trade of the country is in the hands 
of, or entirely controlled by the Diamond Match Company 
of New York, consisting of a combination of large manu- 
facturers. During the year 1881 the revenue derived from 
the internal tax amounted to $3,272,258, while the customs 
duty on imported matches yielded no more than $6186, 
these receipts representing probably a cousumption of 
40,000,000,000 matches. (SAS) 

MATH, or Paraauay Tra, consists of the dried 
leaves of Llex paragucyensis, St. Hil.,1 an evergreen 
shrub or small tree belonging to the same natural or- 
der as the common holly, a plant to which it bears 
some resemblance in size and habit. he leaves are 
from 6 to 8 inches long, shortly-stalked, oblong wedge- 
shaped, rounded at the upper end, and finely toothed 
at the margin. ‘The small white flowers grow in forked 
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Maté (Ilex paraguayensis). 


Portion of plant, half natural size. Flower drupe and nuts, 
twice natural size. Part of under side of leaf showing minute 
glands, natural size. 


clusters in the axils of the leaves; the sepals, petals, 
and stamens are four in number; and the berry is 
4-seeded. The plant grows abundantly in Paraguay, 
Corrientes, Chaco, and the south of Brazil, forming 
woods called yerbules. One of the principal centres 
of the maté industry is the Villa Real, a small town 

1 Mr. J. Miers has proved that I. ewritibensis, I. gigantea, I. ovali- 


folia, I. Humboldtiana, and I. nigropunctata, besides several yari- 
eties of these species, are in general use for preparing maté. ~ 
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above Asuncion on the Paraguay river; anotheris the 
Villa de San Xavier, in the district between the riy- 
ers Uruguay and Parana. 

Although maté appears to have been used from 
time immemorial by the Indians, the Jesuits were the 
first to attempt its cultivation. This was commenced 
at their eaten missions in Paraguay and the province 
of Rio Grande de San Pedro, where some plantations 
still exist, and furnish the best teathat is made. From 
this circumstance the name Jesuits’ tea, tea of the 
Missions, St. Bartholomew’s tea, ete., are sometimes 
applied to maté. Under cultivation the quality of the 
tea improves, but the plant remains a small shrub with 
numerous stems, instead of forming, as in the wild 
state, a tree with a rounded head. From cultivated 
plants the leaves are gathered every two or three 
years, that interval being necessary for restoration to 
vigorous growth. ‘The collection of maté is, however, 
chiefly effected by Indians employed for that purpose 
by merchants, who pay a money consideration to Goy- 
ernment for the privilege. 

When a yerbal or maté wood is found, the Indians, 
who usually travel in companies of about twenty-five 
in number, build wigwams and settle down to the work 
for about six months. Their first operation is to pre- 
pare an open space, called a tatacua, about 6 feet 
square, in which the surface of the soilis beaten hard 
and smooth with mallets. The leafy branches of the 
maté are then cut down and placed on the tatacua, 
where they undergo a preliminary roasting from a fire 
kindled around it. An arch of poles, or of hurdles, is 
then erected above it, on which the maté is placed, a 
fire being lighted underneath. his part of the pro- 
cess demands some care, since by it the leaves have to 
be rendered brittle enough to be easily pulverized, and 
the aroma has to be developed, the necessary amount 
of heat being only learned by experience. After dry- 
ing, the leaves are reduced to coarse powder in mortars 
formed of pits in the earth well rammed. Maté so 
prepared is called caa gazu or yerva do polos, and is 
chiefly used in Brazil. In Paraguay and the province 
of Parana in the Argentine Republic, the leaves are 
deprived of the midrib before roasting ; this is called 
caua-mver'7. very superior quality, or caa-cuys, is 
also prepared in Paraguay, from the scarcely expanded 
buds. More recently a different method of drying 
maté has been adopted, the leaves being heated in 
large cast-iron pans set in brick work, in the same way 
that tea is dried in China; it is afterwards powdered 
by machinery. 

The different methods of preparation influence to a cer- 
tain extent the value of the product, the maté prepared in 
Paraguay being considered the best, that of Oran and Para- 
nagua very inferior. The leaves when dried are packed 
tightly in serons or oblong packages made of raw hides, 
which are then carefully sewed up. These shrink by ex- 
posure to the sun, and inacouple of days form compact par- 
cels each containing about 200 tb of tea; in this form it 
keeps well. The tea is generally prepared for use in a 
small silver-mounted calabash, made of the fruit of 
Crescentia Cujete (Cuca) or of Cucurbita lagenaria (Cabago), 
usnally abont the size of a large orange, the tapering end 
of the latter serving for a handle. In the top of the cala- 
bash, or maté,! a circular hole about the size of a florin is 
made, and through this opening the tea is sucked by means 
of a bombilla. This instrument consists of a small tube 6 
or 7 inches long, formed either of metal or a reed, which 
has at one end a bulb made either of extremely fine basket- 
work or of metal perforated with minute holes, so as to pre- 
vent the particles of the tea leaves from being drawn up 
into the mouth. Some sugar and a little hot water are 
first placed in the gourd,the yerva is then added, and 
finally the vessel is filled to the brim with boiling water, 
or milk previously heated by a spirit lamp. A little burnt 
sugar or lemon juice is sometimes added instead of 
milk. The beverage is then handed round to the 


1 The word caa signified the plant in the native Indian lan- 
guage. The Spaniards gave it a similar name, yerba, Maté comes 
from the language of the Incas, and originally means a calabash. 
‘The Paraguay tea was called at first yerva do maté, and then, the 
yerva being dropped, the name mate came to signify the same 
thing. 
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company, each person being furnished with a bombilla. 
The leaves will bear steeping about three times, The in- 
fusion, if not drunk soon after it is made, rapidly turns 
black. Persons whoare fond of maté drink it before every 
meal, and consume about 1 oz. of the leaves per day. Inthe 
neighborhood of Parana it is prepared and drunk like Chi- 
nese tea, Maté is generally considered disagreeable by 
those unaccustomed to it, having a somewhat bitter taste ; 
moreover, it is the custom to drink itso hot asto be un- 
pleasant. But in the southeastern republics it is a much- 
prized article of luxury, and is the first thing offered to 
visitors. The gaucho of the plains will travel on horseback * 
for weeks asking no better fare than dried beef washed 
down with copious draughts of maté, and for it he will 
forego any other luxury, such as sugar, rice, or biscuit. 
Maté acts as a restorative after great fatigue in the same 
manner as tea. Since it does not lose its flavor so quickly 
as tea by exposure to the air and damp, it is more valuable 
to travellers. 

Some writers attribute deleterious effects to its use, while 
others praise it to an almost incredible degree. Its physio- 
logical action does not appear to have been carefully worked 
out, but its extensive use in countries where tea and coffee 
are known seemsto indicate that it may possess virtues 
peculiar to itself, 

Its properties appear to be chiefly due to theine or caffeine. 
Analyzed by Dr. H. Byasson, 100 grains were found to 
yield 

Grains. 
Cafeime visdas isis ceceecsccsseuslsds cadavetenacoaseeupeedaaseneeaee eee e Ono) 
Glutinous substance or peculiar fatty matter and 
COLOTING WATECT: 2.00 she cns'sesads ons s008eemgas MeneMeEdnraa aE) 
Complex glucoside.. +++ 2.580 
+ 0.630 


Inorganic salts, including i7POM.......ccccsssseerserseeeereerers BI20 
Malic acid not estimated. 


According to analyses made by Alonzo Robbins it also 
contains about 1.5 of a peculiar tannin which does not pre- 
cipitate potassio-tartrate of antimony, nortan leather. The 
glutinous substance resembles in consistence corfimon bird- 
lime, and is considered by Byasson to bea compound ether, 
the alcohol of which would be near cholesterin, Since the 
beginning of the 17th century maté has been drunk by all 
classes in Paraguay, and it is now used throughout Brazil 
and the neighboring countries. In 1855 the amount of 
maté annually consumed in South America was estimated 
by Von Bibra at 15,000,000 tb, and the consumption is now 
probably three or four times as great; in Brazil it brings 
in a revenue of about £410,000. In the Argentine Re- 
public alone the consumption is not less than 27,000,000 tb 
per annum, orabout13 tb per head, while the proportion 
of tea and coffee consumed is only about 2 tb of the former 
and 4 th of the latter per head. The export of maté from 
Brazil to foreign countries has also increased from 2,720,475 
kilos in 1840 to 5,206,485 kilos in 1850, 6,808,056 kilos in 
1860, 9,507,086 kilos in 1870, and 14,063,731 kilos in 
1879-80. 

See Scully, Brazil, London, 1866 ; Mansfield, Brazil, etc., London, 
1856; Pharmaceutical Journal (8) vol. vii, p. 4; (8), vol. vili. p. 615, 
1627; Christy, New Commercial Plants, No. 3, London, 1880; Mul- 
hall, Progress of the World, 1880, p. 488; Zeitschrift Oestérreichiseher 
Apothekerverein, 1882, pp. 278, 285, 310. 

MATERA, a city of Italy in the northeast of the 
province of Potenza, 48 miles from Potenza, on the 
high road to Bari. Part of it is built on a level plateau 
and part in deep valleys adjoining, the tops of the 
campaniles of the lower portions being on a level with 
the streets of the MADE The principal building is 
the co-cathedral of the archbishopric of Acerenza and 
Matera, formed in 1203 by the union of the two bishop- 
rics, dating respectively from 300 and 398. In 1871 
the population of the commune was 14,312 (that of 
the city 14,262), in 1881 15,700. ° 


Under the Normans Matera, the ancient Mateola, was a 
countship for William Bras de Fer and his successors. It 
was the chief town of the Basilicata from 1664 till 1811, 
when the French transferred the administration to 
Potenza. 5 


MATHEMATICAL DRAWING AND MODEL- 
LING. The necessity for geometrical drawings and 
models is as old as geometry itself. The figure has 
formed the basis of many a geometrical truth; and 
demonstration by mere inspection of this has frequently 
to do service for more rigorous proof. So necessary is 
this visual representation of an idea that there is 
hardly a branch of mathematics which does not make 
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use of it in the form of tables, symbols, formule, ete. 
The visual method is especially important in geometry. 
The figure is to the geometer what the numerical ex- 
ample is to the algebraist—on the one hand limiting 
the horizon, on the other imparting life to the concep- 
tion. Herein lies the didactic value of the figure, which 
is the more indispensable the more elementary the 
stage of instruction. ‘T'o be able to dispense with it is 
a faculty acquired only after a long and special train- 
-ing. The power of mental picturing is a talent which 
can be so strengthened by use that even a slightly 
gifted mind may acquifte the power of carrying out a 
series of geometrical operations without the aid of a 
figure, provided these do not lead into unfamiliar re- 
gions. But each new group of ideas which the geome- 
ter would master requires a new graphic setting forth, 
which not even the experienced can dispense with. 
Drawings are sufficient in plane geometry; but solid 
geometry requires models, except in specially simple 
cases, in which delineation by means of perspective or 
some conventional method may suffice. Then, again, 
in passing from the geometry of the plane, straight 
line, and point in space to that of curved surfaces, 
tortuous curves, ete., new and distinct graphical meth- 
ods are necessary. The difficulties encountered in 
understanding new groups of geometrical forms 
are best removed by a careful study of a 
small number of characteristic models and draw- 
ings. As a means of education, the model is lively 
and suggestive, forming in this way a completing 
factor in the course of instruction. We remember 
the pleasure experienced when, after a discussion 
which has yielded a series of hardly reconcilable 
properties of one and the same geometrical figure, 
a model is exhibited which combined these pro- 
ier in itself; or the striking manner in which a 
eformable model either of pasteboard or thread exe- 
cutes its transformations before the eye of the obser- 
ver and scientific student. The study of the model 
raises new and unexpected questions, and can even do 
valuable service in leading to new truths. 

In the more elementary departments of plane and 
solid geometry and descriptive geometry, models are 
abundant and easily obtainable; but there are com- 

aratively few collections of drawings and models for 
instruction in higher geometry. There are numerous 
drawings of algebraic and transcendental curves in the 
well-known treatises on analytical geometry of Cra- 
mer, Kuler, Salmon, in Frost’s Curve Tracing, ete. ; 
but there is still a deficiency in systematic enumera- 
tions of the forms of curves and surfaces of a given 
order or class. In this connection we may mention 
Pliicker’s System der analytischen Gleometrie (curves 
of the third order), and Beer’s Hnwmeratio linearwm 
IV. ordinis. A graphical representation of all the 
characteristics of the singular points of an algebraic 
curve of the fourth order is given in Zeuthen’s Sys- 

‘temer af plane Kurver (1873). As regards tridimen- 
sional figuring, the dldest known models for instruc- 
tion in the higher geometry are the thread models of 
skew surfaces constructed about the year 1800 under 
the direstion of G. Monge for the Ecole Polytechnique 
in Paris. In 1830 Th. Olivier of Paris got the same 
executed in movable form. ‘The great development in 
modern times of certain branches especially of the 
higher geometry has given a new importance to such 
methods of ‘graphical representation. 

Amongst the larger collections we must mention the 
elegant series of complex surfaces, consisting of twen- 
ty-seven items, constructed by the celebrated J. Phiic- 
ker of Bonn. After Pliicker’s death copies, not very 
satisfactory, were made from zine casts. The collec- 
tion of plaster and thread models published by Muret 
of Paris (now Delagrave), and intended for instruction 
in deseriptive geometry, contains many architectural 
forms. The wire models of tortuous curves by Pro- 
fessor Wiener of Carlsruhe, and the thread-models of 

developable surfaces by Professor Bjérling of Lund, 
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merit notice amongst others. Perhaps the largest and 
most extensive of the collections is that of L. Brill, 
bookseller in Darmstadt. These represent every 
department of the higher and applied mathematics, 
The catalogue embraces some seventy numbers, with 
over a hundred plaster, thread, and metal models. 
Several series of this collection were prepared in the 
mathematical department of the technical college of 
Munich. In the preparation of these models, involy- 
ing the development of a comparatively novel art, cer- 
tain practical lessons were gained, especially in the 
working of plaster models, to which we may direct 
attention, 


We assume that the preliminary designs are prepared 
with the aid of board, ruler, square, compasses, and such 
well-known instruments as are used by the draughtsman. 

The material to be employed, whether wire or thread, 
interlaced pasteboard strips, or plaster, depends upon the 
special circumstances of each case, and upon the purpose 
aimed at in the construction of the model. Two bundles 
of parallel disks of cardboard or metal-sheeting, inclined 
at an adjustable angle, may be used with advantage in 
representing a series of different but mutually transform- 
able surfaces. For ruled and developable surfaces the 
thread model is to be recommended. The surface is 
inclosed in a cube, or more generally in a region of space 
bounded by plane walls. Upon these bounding walls are 
marked the series of points in which they are cut by the 
generative lines that are to be represented by threads. 
Through these points the threads are drawn, and parts of 
the supporting walls are then cut away so as to allowa 
convenient glance into the interior of the region. The 
more densely the threads are strung, the liker is the ap- 
pearance to that of a continuous surface. 

In the majority of cases plaster will be found the most 
convenient substance, being easily worked, and giving a 
result convenient and clear to theeye. There is the disad- 
vantage, however, that one of the regions of space bounded 
by a surface is filled up. Should the boundaries of the 
surface be plane or capable of being turned on the lathe, 
the desired form is best approximated to by working wood 
or plaster blocks. Plaster is not easily worked on the lathe, 
but a plane surface is readily got by rubbing, and if not too 
dry it may be cut with the knife. 

A surface which cannot be conveniently approximated to 
by the above method may be built up of strips cut to pat- 
tern, which are then filled in with some plastie material. 
To accomplish this, a system of sections either parallel or 
having a single axis is laid through the region to be filled 
up; the bounding lines of these sections are calculated or 
obtained by geometrical construction. Strips of plate zine 
are then cut to the required form and fixed securely by 
cross-pieces or soldered if necessary. Between the inter- 
stices of this zine scaffolding some plastic material is filled 
in, such as embossing wax or damp clay; and thus the 
form of the surface is rendered. The substance known in 
trade as plastilin is especially suitable for use in this way, 
as it retains its plastic property a long time. The finishing 
touches are given to the surface by means of a sculptor’s 
style. From the clay model a plaster cast is formed and 
well dried; and its imperfections are removed by means of 
plaster-files and other instruments familiar to those who 
work in plaster. Lines which are to be shown on the model 
are drawn through points already marked on the original 
clay model, and engraved with fine files. A galvanoplastic 
copy of such a plaster model, not too deeply deposited, 
shows the surface even better than the plaster itself. 


MATHEMATICS. <Any conception which is defi- 
nitely and completely determined by means of a finite 
number of specifications, say by assigning a finite 
number of elements, is a mathematical conception. 
Mathematics has for its function to develop the conse- 
quences involved in the definition of a group of 
mathematical conceptions. Interdependence and mu- 
tual logical consistency among the members of the 
group are postulated, otherwise the group would either 
have to be treated as several distinct. groups, or would 
lie beyond the sphere of mathematics. 

As an example of a mathematical conception we may 
take ‘‘a triangle’’; regarded without reference to its 
position in space, this is determined when three ele- 
ments are specified, say its three sides; or we may 
take a ‘‘ color sensation,’’ which, on Young’s theory, 
is determined when the amounts of the three funda- 
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mental color sensations that enter into it are stated. 
As an example of a non-mathematical conception we 
may take ‘‘a man,’’ ‘“‘a mineral,’”’ “‘iron,’’ no one of 
which admits of being so determined by a finite num- 
ber of specifications that all its properties can be truly 
said to be deducible from the definition. 

A mathematical conception is, from its very nature, 
abstract; indeed its abstractness is usually of a 
higher order than the abstractness of the logician. 
Thus, for instance, we may neglect the other attributes 
of a body and consider merely its form; we thus reach 
the abstract idea of ‘‘form.” But the form of an 
irregular fragment of stone does not admit of being 
finitely specified, and is therefore not susceptible of 
mathematical treatment. If, however, we have a 
carefully squared cubical block of granite to deal with, 
for most practical purposes its form is specified by 
stating that it is a cube, and assigning one element, 
viz., an edge of the abstract mathematical cube by 
which we replace it. This example illustrates at once 
the limits of mathematical reasoning and the nature 
of the bearing of mathematics on practice. 

A variety of words have been used to denote the 
dependence of a mathematical conception upon its 
elements. It is frequently said, for instance, that the 
conception isa ‘‘function’”’ of its elements. One word 
has recently come into use which is very convenient, 
inasmuch as it draws attention at once to the funda- 
mental idea involved in mathematical conception and 
to the prime object of mathematical contemplation, 
viz., ‘‘ manifoldness.”’ 

Number is involved in the notion of manifoldness 
both directly, as any one can see, and also indirectly in 


a manner which the mind untrained to mathematical | 


thinking does not so readily understand. ‘lake on the 
one hand the ease of a triangle considered without ref- 
erence to its position but merely as composed of three 
limited straight lines, it may be completely determined 
in various ways by assigning three elements. <A tri- 
angle may therefore be called a triple discrete mani- 
foldness. A plane quadrilateral considered in the same 
way (being fully determined when four sides and a di- 
agonal are known) is a quintuple discrete manifoldness ; 
and a plane polygon of n sides a (2-—3)-ple discrete 
manifoldness. Consider on the other hand the assem- 
blage of points on a given straight line, they are infi- 
nite in number yet so related that any one of them is 
singled out by assigning its distance from an arbitra- 
rily chosen fixed point on the line. Such an assem- 
blage is called a onefold continuous manifoldness, or 
simply a onefold manifoldness ; another example of the 
same kind is the totality of instants in a period of 
time. ‘The assemblage of points on a surface is a two- 
fold manifoldness ; the assemblage of points in tridi- 
mensional space is a threefold manifoldness ; the values 
of a continuous function of n arguments an x-fold 
manifoldness. 

_It should be observed that the distinction between 
discrete and continuous manifoldness is not of necessity 
inherent in the conception. For one purpose we may 
treat a conception as a discrete manifoldness, for 
another as a continuous manifoldness. Thus we have 
seen that an unlimited straight line may be treated as 
a onefold continuous manifoldness; but, if we regard 
it as a whole, and with reference to the fact that its 
position in space is determined by four data, it becomes 
a quadruple discrete manifoldnegs. 

The primary, although not the only, operation in 
the treatment of a discrete manifoldness is numbering 
or counting; hence arises the pure mathematical 
science of number, comprehending (abstract) Arith- 
metic and its higher branch commonly called the Theory 
of Numbers. Without entering into a discussion of 
the definitions and axioms of the science of number, it 
will be sufficient here to remark that all numerical 
operations are reducible to three fundamental laws 
commonly called the commutative, associative, and 
distributive laws. ‘The four fundamental processes, or 
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four species, as they are sometimes called, two of which, 
addition and multiplication, are direct, and two, sub- 
traction and division, inverse, are solely defined by and 
derive their meaning from the three laws of operation 
just mentioned. 

A careful consideration of the methods in vogue for 
dealing with continuous manifoldness shows that they 
reduce themselves to two, which may be called the 
synoptic method and the analytic method. In the 
synoptic method we deduce the properties of a mani- 


fuldness by contemplating it as a whole, aiding ow 
understanding, when it is necessary to do so, by a 


diagram, a model, or any other conerete device more 
or less refined according to circumstances. In the’ 
analytic method we fix our attention upon the individual 
elements of the manifoldness, usually defining each 
element by a definite number of specifications the 
variation of which leads us from element to element 
of the given manifoldness. We examine the proper- 
ties of an element in the most general manner, and 
from them we predicate the properties of the mani- 
foldness as a whole. 

The best and most familiar examples of the synoptic 
treatment of manifoldness are the different varieties of 
pure geometry. Among these we may mention the 
apagogic geometry of the Greeks, which starts with a 
collection of definitions and axioms, enunciates and 
proves proposition after proposition with great atten- 
tion to strict logical form and with continual reference 
to the grounds of inference, but pays little attention 
to the ordering of theorems with a view to mutual illus- 
tration, and carefully suppresses all traces of the method 
by which the propositions were or might have been dis- 
covered. It is true that the-Greeks were in possession 
of a method, called by them analysis, which had_for 
its object the discovery of geometrical truth. But 
this consisted merely in taking any proposition sus- 
pected to be true and tracing its consequences until 
one was reached which either contradicted a known 
proposition or else was true and capable of leading by 


'a direct process of reasoning (synthesis) to the propo- 


sition in question. In this we have no trace of the 
systematic development of geometric truth, and the 
method was apparently regarded by the ancients them- 
selves as imperfect, for it makes no figure in such of 
their systematic treatises as have reached us. In 
somewhat sharp contrast with the Grecian geometry, 
but still essentially synoptic in method, stand the 
different varieties of modern geometry,—which aims 
at greater generality in its definitions, pays less ex- 
plicit attention to logical form, but arranges geometri- 
cal propositions as much as possible in the natural 
order of development or discovery, and above all 
makes extensive use of the principle of continuity. 
As examples of the modern geometry may be cited 
the descriptive geometry ( Géométrie Descriptive, Dar- 
stellende Geometric) of Monge; the projective geom- 
etry (Géométrie Projective, Geometrie der Lage) of 
Poncelet, Steiner, and Von Staudt; and the geometry 
of transformation in general, of which projective geom- 
etry is but a particular case. There is one other highly 
interesting form of modern geometry, which, although 
analytic in some of its developments, and often ex- 
hibited in close alliance with other analytical methods, 
is nevertheless synoptic as to its fundamental principle, 
viz., arithmic geometry (Abztéhlende Geometric) or 
theory of characteristics, which originated in the char- 
acteristic equations of Pliicker, and was developed into 
a powerful special method by Chasles and others. See 
GEOMETRY and CuRVE. 

Geometry, however, is not the only field for the 
synoptic treatment of manifoldness. This is obvious 
if we reflect that any magnitude whatever may be rep- 
resented by a line; so that any function of not more 
than two elements may be represented by a geometri- 
cal construction and treated by any method applicable 
in geometry. Since the famous dissertation of Rie- 
mann, On the Hypotheses that form the Basis of 
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Geometry, mathematicians have been familiar with 
the fact that the methods of geometry suitably gener- 
alized can be applied to the treatment of an n-fold 
manifoldness ; and in point of fact the synoptic treat- 
ment of manifoldness under the name of »-dimen- 
sional geometry has been usefully employed by Cayley 
and inns as an adjunct to the analytic method. 

The fundamental characteristic of the analytical 
treatment of an n-fold manifoldness is the specification 


_of an element by means of » continuously varying | 


uantities or variables (see MmASUREMENT). Tor 

ealing with continuous as distinguished from discrete 

uantity we have the special analytical method of the 

NFINITESIMAL CALCULUS (q.v.), built upon the no- 
tion of a limit, with its various branches, viz., the 
differential calculus, the integral calculus including 
differential equations, the calculus of functions, and 
the theory of functions in general (see Function). 
But, whether we make use of the algorithm of the 
infinitesimal calculus or not, we find upon examination 
that all analytical operations with continuous quantity 
full under the three laws of commutation, association, 
and distribution, so that they are fundamentally iden- 
tical with the operations with discrete quantity; the 
difference so far us there is any consists simply in the 

reater generality of the operand. ‘The same fact may 

¢ looked at instructively in another light. Whether 
we consider analytical processes in concrete applications 
or look at them abstractly, we are equally led to the 
notion of a unit, by the multiplication or subdivision 
of which all the other quantities that enter into our 
calculus are derived. The exigencies of continuity 
are met by allowing that the multiplication or subdi- 
vision of the unit can be carried on to an unlimited 
extent; but in any case where analytical formule: have 
to be reduced to arithmetical calculation (in which of 
course only a finite number of figures or arithmetical 
symbols can be used) the subdivision (or multiplica- 
tion) of the unit actually stops short at a certain 
point; in other words, all our methods are, in prac- 
tice at least, discrete. Here therefore we have the 
meeting point of discrete and continuous quantity, and 
on this ground alone we might infer the fundamental 
identity of their laws of operation. 

The abstract science of quantity which we have just 
seen to be the essential part of the analytic treatment 
of manifoldness receives the name of ALGEBRA (¢.v.). 
It was found very early in the history of that science 
that the full development of which it is capable could 
not be attained without great extension of the idea of 

uantity. ‘This necessity first arose in connection with 
the inverse operations, such as subtraction, the ex- 
traction of roots, and the numerical solution of alge- 
braical equations (see Equation), of which root ex- 
traction is merely a particular case. 
essentially negative quantities, and the so-called im- 
possible or imaginary quantities. The former may be 
‘said to depend on a new abstract unit — 1, and the 
latter upon new units + ./—-1. ‘The numbers having 
+ | for abstract unit are usually classed as real num- 
bers, and in that case we may regard the ordinary im- 
aginaries of algebra as depending on the new unit 
+ /-1, or 4, defined by the equation ?-+-1=0. But 
the extension was soon carried farther by the classical 
researches of Hamilton and Grassmann.’ ‘The theory 
of sets and the QUATERNIONS (q.v.) of the former and 
the Ausdehnungslelwe of the latter opened up a bound- 
less field for aleebra, and led to a total revolution in 
our ideas of quantity. 

In view of the great extension thus effected in the 
meaning of quantity, it becomes an interesting if some- 
what difficult undertaking to define the word. The 
following may be taken as a provisional definition :— 
Qucentity ts that which is operated with according to 


1 In this connection should be mentioned the great services of 
De Morgan, whose bold speculations on the fundamental prin- 
ciples of mathematical science have perhaps met with less than 
their due share of appreciation. 


In this way arose | 4 7 : 
| former include.all properties such as intersection, tan- 
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jixed mutually consistent laws. Both operator and 
operand must derive their meaning from the laws of 
operation. In the case of ordinary algebra these are 
the three laws already indicated, in the algebra of 
quaternions the same save the law of commutation for 
multiplication and division, and so on. It may be 
questioned whether this definition is sufficient, and it 
may be objected that it is vague; but the reader will 
do well to reflect that any definition must include the 
linear algebras of Peirce, the algebras of logic, and 
others that may be easily imagined, although they 
have not yet been developed. his general definition 
of quantity enables us to see how operators may be 
treated as quantities, and thus to understand the ra- 
tionale of the so-called symbolical methods. In com- 
bining operations, it is often observed that the com- 
binations of operators fall under a few simple laws, in 
some cases in fact under the three laws of ordinary 
algebra; these operators are therefore quantities ac- 
cording to the general definition, and can be treated as 
such. 

From the historical development of the analytical 
method there is little danger of the error arising that 
its application is peculiar to any special kind of mani- 
fuldness. As examples of its use in deducing the 
properties of tridimensional space we may cite the 
Cartesian geometry, the Géométrie de Position of Car- 
not, and the line geometry of Pliicker (see Grom- 
ETRY). Its use in the various branches of applied 
mathematies, of which geometry is merely one of the 
simplest, is far more common than that of the syn- 
optic method, although most branches of applied 
mathematics are mixtures using the one or the other, 
as happens to be convenient. In addition to those al- 
ready mentioned, we may enumerate the following as 
among the more important departments of applied 
mathematics :—Kinematies; Abstract Dynamics, in- 
cluding Statics and Kinetics whether of a Particle, of 
a Rigid Solid, of an Hlastic Solid, of a Fluid, or of a 
Chain; Statistical Mathematics, as exemplied in the 
Theory of Annuities, and the Kinetic Theory of 
Gases; the Mathematical Theory of Diffusion whether 
of Heat or of Matter; the Theory of Potential; and 
soon. See Mecnanics, HypROMECHANICS, ANNUI- 
ties, Heat, Euecrricrry, MAGNETISM, ete. 

The two great methods employed in the investigation 
of manifoldness must of course be, at bottom, identi- 
cal; and every conclusion arrived at by the one must 
be reachable by the other. The exact nature of the con- 
nection between them will be well seen by studying two 
instances. One of these is the treatment of areas by 
Kuclid and the treatment by the analytical method, 
which are carefully compared in the article GuomeErry, 
vol. x. p. 837. The other is the connection between 
the descriptive and the metrical properties of loci. ‘The 


gency, ete., depending on position merely, and are ob- 
viously the natural product of the synoptic method, 
The latter include all relations involving the levgths 
of lines and the magnitudes of angles, they depend 
therefore on expression in terms of a unit, and are the 
natural product of the analytic method. Nevertheless 
the analytic method furnishes descriptive properties of 
loci, and by the introduction of ‘‘ the absolute’ descrip- 
tive theorems are made to furnish metrical relations, as 
has been fully shown by Cayley, Clifford, and Klein (see 
M@ASUREMENT). (G. OH.) 
MATHER, Corron (1663-1728), was the most 
learned and widely known of a family which through 
four generations enjoyed singular consideration, and 
exercised commanding influence upon New England in 
its first century. Richard, son of Thomas Mather of 
Lowton (Winwick), Langashire, Kngland, after study- 
ing for a time at Brasenose, Oxford, and teaching and 
subsequently preaching at Toxteth Park, went to New 
England, for nonconformity’s sake, in the summer of 
1635, where, till his death in 1669, at seventy-three, he 
was pastor of the Congregational church in Dorchester 
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(now a part of Boston),—acquiring large repute, writing 
three or four instructive and constructive treatises upon 
polity, and being much trusted as to the foundations 
of both church and state. His youngest son Increase 
took his first degree at Harvard College in 1656, at 
seventeen,—returning, after a visit to the old country, 
in which he served several pulpits, to take at twenty- 
five the pastorate of the second (or North) church in 
Boston, which place he held till his death in 1723 at 
eighty-five, while in addition, he had been acting, or 
actual, president of the college most of the time from 
1681 to 1701, the author of one hundred and sixty 
books or tracts, and for four of its most perilous years 
the choice of all its citizens to represent the Massachu- 
setts colony before the English Government. His wife 
Maria was daughter of the famous John Cotton, and 
their first-born received both family names, and when 
he took his B.A. degree at less than sixteen, at Har- 
vard, in 1678, his promise tempted President Oakes to 
say in his presence, referring to his two distinguished 
grandfathers: ‘‘ Cottonus atque Matherus tam re quam 
nomine coaleseant et reviviscant.”’ After a short time 
spent as tutor, and a period of diligent toil ending 
in the conquest of an impediment of speech which 
endangered success in the family profession, he became 
assistant to his father, in two years being ordained co- 
pastor, and holding the pulpit for nearly three and 
forty years, till his death at sixty-five. As a private 
Christian, from his frank diaries, it is clear that he 
labored much with himself, in a single year devoting 
more than sixty days to fasting and twenty uights to 
vigil. As a preacher he was conscientious and success- 
ful,—always diligently studying his discourses, in one 
year delivering more than seventy public sermons, with 


nearly half as many in private houses, sometimes thus | 


‘pressing a glorious Christ’’ through eleven succes- 
sive days, and, with six competitors by his side, main- 
taining to the last his hold upon the largest congrega- 
tion in New England, having about four hundred gifted 
communicants., As a pastor he was exceptionally 
laborious,—systematically exhorting and praying with 
his people at their homes, making conscience of' spirit- 
ualizing every casual interview, and now and then 
spending days upon his knees with the names of his 
flock before him to prompt his intercessions for them, 
and for himself that he might better reach their pecu- 
liar need. As a philanthropist, while abundant in 
personal benefactions, he originated more than twenty 
societies for public charity, bore the cost of a school for 
Christianizing the negroes, and, at the risk of life, in 
the face of popular opposition medically led, advocated 
and vindicated the introduction of inoculation as a pro- 
tection against the then terrible ravages of the small- 
»ox. As an author he was learned—publishing in 
Tench: Spanish, and Algonkin as well as English—and 
voluminous, three hundred and eighty-two of his 
printed works having been catalogued, several of which 
are elaborate books, and one a folio of 800 pages; while 
his Biblia Americana, by him considered the great 
work of his life, remains in six huge volumes of manu- 
script to this day. Asa scholar he was better known 
across the sea than any other American of his time, 
once contemporaneously corresponding with more than 
fifty learned Kuropeans, in his forty-seventh year being 
made doctor of divinity at Glasgow, and receiving elec- 
tion as a Fellow of the Royal Society—in those days 
eminent distinctions for a colonist. With all this it 
must be confessed that he had some grave defects. His 
common-sense was not uniformly equal to his need. 
Always ambitious and self-opinioned, he was occasion- 
ally irritable and conceited. He lacked good taste, and 
it was his unconcealed grief that he was never elected 
to preside over Harvard College. His enormous knowl- 
edge did not digest well, and his use of learning tended 
to be crude. He was superstitious, and it was his’ mis- 
fortune that, as to witchcraft, he was not, as with vac- 
cination, in advance of his generation, any more than 
such men as Richard Baxter and Sir Matthew Hale. 


MATHEW—MATHEWS. 


Of his works, the Maynalia and Ratio Discipline are 
indispensable to the student of New England history. 

MATHEW, THvopatp (1790-1856), popularly 
known as Father Mathew, the “Apostle of Temper- 
ance,’’ was descended from an illegitimate branch of 
the Llandaff family, and was born at ‘Thomastown, 'Tip- 
perary, on October 10, 1790. He received his school 
education at Kilkenny, whence he passed for a short 
time to Maynooth; from 1808 to 1814 he studied at 
Dublin, where in the latter year he was ordained to the’ 
priesthood. Having entered the Capuchin order, he, 
after a brief’ time of service at Kilkenny, joined the 
mission in Cork, which was the scene of his religious 
and benevolent labors for many years. ‘The movement 
with which his name is most intimately associated 
began in 1838 with the establishment of a total absti- 
nence association, which in less than nine months, 
thanks to his moral influence and eloquence, enrolled no 
fewer than 150,000 names. It ra = spread to Lim- 
erick and elsewhere, and some ida of its popularity 
may be formed from the fact that at Nenagh 20,000 
persons are said to have taken the pledge in one day, 
100,000 at Galway in two days, and 70,000 in Dublin 
in five days. In 1844 he visited Liverpool, Manchester, 
and London with almost equal success. Meanwhile 
the expenses of his enterprise had involved him in 
heavy liabilities, and led on one oceasion to his arrest 
for debt; from this embarrassment he was only par- 
tially relieved by a pension of £300 granted by the 
queen in 1847. In 1849 he ie a visit to the United 
States, returning in 1851. He died at Queenstown on 
December 8, 1856. See Luther Mathew, a Biography, 
by J. F. Maguire, M.P. (1863). 

MATHEWS, Cuaries (1776-1835), comedian, 
was born in London, 28th June, 1776. His father 
was what he called ‘‘a serious bookseller,” and also 
officiated as minister in one of Lady Huntingdon’s 
chapels. Mathews was educated at Merchant Tay- 
lors’ School. His love for the stage was formed in 
his boyhood, partly from admiration of Elliston, with 


whom he had taken part in private theatrieals. <Ac- 
cording to his own statement, it ripened into an ‘‘ over- 


yowering, all-absorbing passion,’ unfitting him for 
faire when he became apprentice to his father, who 
at length, in 1794, aawilligale permitted him to enter 
on a theatrical engagement in Dublin. For several 
years Mathews had not only to content himself with 
the most thankless parts at an almost nominal salary, 
but his figure, at this period of life thin and ungainly, 
and the peculiar twist in his countenance generally 
awakened the unconcealed ridicule of the audience. 
In 1798 he obtained a conditional engagement from 
Tate Wilkinson at York. In 1802*Mathews began to 
play in London at the Haymarket, and from this time 
lis professional career was an uninterrupted triumph. 
His special excellence as an actor consisted in his won- 
derful gift of mimicry, enabling him to grasp the 
minutest and most individual features of the character 
he represented. His sense of the purely ludicrous in 
all its varied phases was perhaps unequalled, and by 
his marvellous command of facial expression and of 
different tones and accents of voice he could, when he 
so willed, completely disguise his personality without 
even the smallest change of dress. The versatility and 
originality of his powers were, in public, best seen in 
his ‘‘ At Homes,’’ begun in the yeeum Theatre in 
1818, ‘‘which,”’ according to Leigh Hunt, “for the 
richness and variety of his humor, were as good as 
half a dozen plays distilled.’ But it was in the social 
circle that he displayed the finest and rarest traits 
of genius, while his simple and truly kind-hearted dis- 
position won him an_ affection and esteem which 
mere genius could not have purchased. Irom his. in- 
fancy the health of Mathews had been uncertain, and 
the toils of his profession gradually undermined it. 
He died at Plymouth, of heart disease, 28th June, 
1835. See Memoirs, by Mrs. Mathews, 4 vols., 
1838-39, 


MATHEWS—MATTEUCCLI. 


MATHEWS, Cuartes James (1803-1878), come- 
dian, son of the above, was born at Liverpool, 26th 
December, 1803. After attending Merchant Taylors’ 
School he was articled as pupil to an architect, and he 
continued nominally to follow this business till 1835. 
His first appearance on the stage was made at the 
Adelphi, London. In 1838 he married Madame Ves- 
tris, then lessee of the Olympic, but neither his man- 
agement of this theatre, nor subsequently of Covent 
Garden, nor of the Lyceum, resulted in pecuniary ad- 
vantage. As an actor, however, he held from the first 
an unrivalled place in his peculiar vein of light eccen- 
tri¢comedy. ‘The inimitable easy grace of his manner, 
and the imperturbable solemnity with which he per- 
petrated his absurdities, never failed. to charm and 
amuse; his humor was never broad, but always 
measured and restrained. His range of characters was 
exceptionally narrow, and he was wholly incapable of 
representing any form of strong passion. It was as 
the leading charaeter in such plays as the Game of 
Speculation, My Awful Dad, Cool as a Cucumber, 
Patter versus Clatter, and Little Toodlekins, that he 
specially excelled. Mathews was one of the few En- 

lish actors who have played in French successfully— 

is appearance at Paris in 1863 in a French version of 
Cool as a Cucumber, written by himself, being re- 
ceived with the utmost approbation. After reaching 
his sixty-sixth year, Mathews set out on a tour round 
the world, and on his return in 1872 he continued to 
prosecute his professional duties without interruption 
till within a few weeks of his death, on July 26, 1878. 
See Life of Charles James Mathews, edited by Charles 
Dickens, 2 vols., 1879. 

MATILDA, countess of Tuscany (1046-1114), popu- 
larly known as the Great Countess, was born in 1046, 
of a race of nobles of Lombard descent. By the death 
of her father Boniface the Rich, duke and marquis of 
Tuseany, she was left, at eight years old, under the 
gues of her mother, Beatrice of Lorraine, 
heiress to a powerful state, including Tuscany, Liguria, 
part of Lombardy, Modena, and Ferrara. Her life 
was a protracted struggle against the schism which 
rent the church, under a series of antipopes, supported 
by a large section of the clergy and people of Italy and 
Gettakiny: as well as by the whole strength of the em- 
pire. Against this formidable combination she main- 
tained the cause of the holy see, often single-handed, 
for years, with varying fortune but undaunted resolu- 
tion. ‘The champion of several successive pontiffs, she 
is best known as the ally of Gregory VIL. and her 
hereditary fief of Canossa was, in 1077, the scene of 
the celebrated penance of Henry LV. in presence of this 
pope. On the same occasion she made the donation, 
subsequently renewed in 1102, of her possessions to 
the holy see, in right of which the church owned the 
greater part of its temporal dominions. Matilda was 
twice married, first to Godfrey of Lorraine, surnamed 

‘the Humpbacked, son of her mother’s second husband, 

and secondly to Guelph of Bavaria,—both marriages 
of policy, which counted for little in her life. She 
died of gout in 1114, in her sixty-ninth year, and was 
buried first at San Benedetto, and finally in the Vati- 
can. Her steadfastness of purpose, strength of char- 
acter, and loftiness of aim, made her one of the most 
striking figures even of the age which produced Robert 
Guiscard, William the Conqueror, Pope Hildebrand, 
and Godfrey of Bouillon, her nephew by marriage. 
The contemporary record of her life in rude Latin 
verse, by her chaplain Donnizone, is preserved in the 
Vatican Library. 
_ An Italian biography was published in Lucca by Fran- 
cesco Fiorentini in 1642 (new edition by Mansi, 1756), and 
one in French by Amédée Renée, La Grande Italienne, in 
1859. 

MATLOCK, a town of Derbyshire, England, is 
situated on the river Derwent and on the Midland 
Railway, 149 miles northwest of London and 17 north- 
west of Derby. It possesses cotton, corn, and paper 
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mills, and in the vicinity there are lead-mines. About 
13 miles southeast, also on the Derwent, is Matlock 
Bath, possessing hot medicinal springs. There are in 
all three springs, the first of which was discovered in 
1692. ‘Their mean temperature is 68° Fahr., and ap- 
plied both externally and internally the water is effica- 
cious in glandular affections, rheumatism, biliary ob- 
structions, and relaxation of the muscular fibres. The 
fine scenery of the vale of Matlock, and its proximity 
to the thickly peopled districts of Lancashire and 
Yorkshire, cause the village to be much frequented in 
summer not only by invalids but by holiday visitors. 
There are several large stalactite caverns. Matlock 
Bank, a mile to the northeast, in a finely sheltered 
situation, contains seyeral well-known hydropathic 
establishments. The population of the urban sanitary 
district of Matlock (4513 acres) in 1871 was 3834, and 
in 1881 it was 4396; that of Matlock Bath and Sear- 
thin Nick in the same years was 1386 and 1698. 
These two districts are conterminous with the civil 
parish of Matlock. 

MATSYS, Quintin. See Massys. 

MATTER, Proprrtiss or, If we knew thoroughly 
the nature of any piece of matter, the deduction of its 
properties would be a question of mere reasoning, just 
as (for instance) the definition of a circle really involves 
all the properties which mathematical methods have 
deduced from it. But, as we do not even know what 
matter is, in the abstract, the converse operation is (at 
least for the present) the natural and necessary one. 
We must endeavor from the experimentally ascertained 
properties of matter to discover what it is. The reader 
will find the limits of our present knowledge in the 
article Arom. The properties of matter may be ar- 
ranged in several classes, thus :— 

1. Properties of matter in itself; such as Inertia, 
Hardness, Brittleness, Enasticrry (g.v.), Density, 
Compressibility, Viscosity, ete. ‘These depend upon 
its ultimate structure and upon the law and intensity 
of the so-called molecular forces. See Arom, Constt- 
TUTION OF BopriEs, ATTRACTION. 

2. Relative properties of different kinds of matter, 
chemical, catalytic, ete. See CarmLary ACTION, 
CHEMISTRY, Dirruston, ete. 

3. Properties relative to different forms of energy :— 
Conductivity (Thermal and Electric), Specific Gravity, 
Specific and Latent Heat, Transparency, Color, Specific 
Inductive Capacity, Radiating and Absorbing Power, 
Magnetic Retentiveness, etc., Thermo-electri¢ Position, 
Refractive Index, Reflective Power, Double Refrac- 
tion, Rotatory Polarization, ete. These will be found 
mainly under the heads Evectrriciry, Hear, Lieut, 
MAGNETISM, ete. 

MATTEUCCI, Carzto (1811-1868), an_ Italian 
physicist, was born at Forll, June. 20, 1811. In 1832, 
after completing his studies at L’Keole Polytechnique, 
Paris, he became professor of physics at Bologna, 
where he had passed his earlier student days. In 183 
he removed to Ravenna, and in 1840 settled as profes- 
sor of physics at Pisa. From 1847 he took an active 
part in politics, and in 1860 was chosen an Italian 
senator. At the same time he became general tele- 
graph director, and later the superintendent of the 
meteorological bureaus. He died at Leghorn, June 25, 
1868. 


He is the author of four scientific treatises :—Lezioni di 
fisica (2 vols., Pisa, 1841; second edition 1851), Leziont sui 
fenomeni fisico-chimici det corpi viventi (Pisa, 1844; second 
edition, 1846), Mfanuale di telegrafia elettrica (Pisa, 1850; and 
several later editions), and Cours special sur Vinduction, le 
magnetisme de rotation, etc. (Paris, 1854). His numerous 
papers were published in the Annales de Chimie et de Physique 
(1829-58); and most of them also appeared at the time in 
the Italian scientific journals. They relate almost entirely 
to electrical phenomena, such as the magnetic rotation of 
light, the action of gas batteries, the effects of torsion on 
magnetism, the polarization of electrodes, etc., sufficiently 
complete accounts of which are given in Wiedemann’s 
, Galvanismus, Nine memoirs, entitled “ Electro-Physiologi- 
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cal Researches,” were published in the Philosophical Trans- 
actions, 1845-60. See Bianchi’s Carlo Matteucci e V Italia del 
suo tempo (Rome, 1874). 


MATTHEW (Maé6aioce or MarGaioe, 7.e., FD, a short- 
ened form of Mattaniah or Mattithiah, equivalent to 
Theodorus; comp. vol. xi. p. 330), one of the twelve 
apostles of Jesus Christ, and, according to tradition, 
the author of the Iirst Gospel. In its full Hebrew 
form the name occurs several times in the Old Testa- 
ment, being borne by more than one person of priestly 
or Levitical family. Matthew, in the Gospel which 
bears his name, 1s described as having been a tax- 
gatherer (reAdvyc, Matt. x. 3), and the circumstances 
of his call to become a follower of Jesus, which he re- 
ceived as he sat at the ‘‘receipt of custom”’ or “‘ tax- 
office’ in one of the towns by the Sea of Galilee, are 
briefly related in chap. ix. 9. It has sometimes been 
doubted, but without any good reason, whether the 
precisely parallel narrative relating to ‘‘ Levi the son 
of Alpheus” (Mark 11. 14; Luke v. 27, 28) has 
reference to the same person (compare the double 
names Simon and Peter, Joses and Barnabas, and 
others). In the lists of the names of the apostles 
given in the synoptical Gospels and in the Acts, Mat- 
thew ranks third or fourth in the second group of four. 
Little is recorded of him except the feast which he 
gave in his house at the beginning of his discipleship ; 
the way in which this is related seems to indicate that 
he was (comparatively at least) a wealthy man. He 
was also present in ‘“‘the upper room’’ at Jerusalem 
after the ascension, when Matthias was elected to be 
the successor of Judas. Tradition has nothing trust- 
worthy to tell about his subsequent career, but there is 
nothing inherently improbable in the allegation of 
Kusebius (#7. 7, iii. 24) that he spent several years in 
Jerusalem preaching to the Hebrews (and writing the 
Gospel which bears his name), or that he afterwards 
extended his missionary activities in other directions. 
Socrates (H. E., i. 19) speaks of him as having carried 
the gospel to Ethiopia; the earlier legends, however, 
embodied in the apocryphal Acta Andyece et Matthei 
and Acta et Martyriwn Matthcei, unanimously point 
to the regions bordering on the Black Sea (‘‘ Pontus ”’ 
and the land of the Anthropophagi) as having been 
the scene of his labors (see the article of Lipsius on 
the ‘‘ Apoeryphal Acts of the Apostles’? in Smith’s 
Dict. of Christ. Biog. ; also his Apokr. Apostelgesch., 
1883). According to the Gnostic Heracleon, whose 
statement is quoted and apparently homologated by 
Clement of Alexandria (Strom. iv. 9), Matthew died 
a natural death. He is commemorated as a martyr by 
the Greek Church on November 16, and by the Roman 
on September 21, the scene of his martyrdom being 
placed by the Breviary in “ Kthiopia’’; the same au- 
thority affirms that his body was afterwards translated 
to Salerno, where it now lies in the church built by 
Robert Guiscard. In Christian art (following Jerome) 
he is generally regarded as symbolized by the ‘‘man”’ 
in Hizek. i. 10, Rev. iv. 7. 

MATTHEW, Gospet or, 
702 sq. 

MATTHEW oF Paris, one of our most important 
writers in connection with English medizeval history, 
was born about the year 1200, or possibly somewhat 
earlier. His surname was probably derived either from 
his haying been born in Paris or having studied in the 
university there; but his English origin is proved by 
the tone in which he uniformly speaks of foreigners, 
especially the French, while his knowledge of the 
French language is attested by the fact of his having 
written in that language, and also by the introduction 
of many French words in his Latin writings. 

We have it on his own authority, as recorded in an 
autograph marginal note (MS. Cott. Nero, D. 1, fol. 
1656), that he assumed the monastic habit at the abbey 
of St. Alban’s on the 2Ist of January, 1217. In 1236 
he accompanied the newly-clected prior of his abbey, 
John of Hertford, to London, to attend the ceremony 


See GOSPELS, vol. x. p. 


MATTHEW. 


of the nuptials of Henry III. and Kleanor of Provence ; 
and in October, 1247, he was at Westminster, in order 
to be present at the celebration of the feast of St. 
Edward the Confessor, when he was desired by the 


| king himself to write an account of the proceedings. 


The most important event in his tranquil and unevent- 
ful life (which was passed chiefly within the walls of 
his monastery) occurred in the year 1248, when he was 
sent on a mission to the Benedictine monastery of 
Holm (Throndhjem), which had become involved in 
difficulties owing to the maladministration of one 
of its abbots. He returned to Kngland after more 
than a year’s absence, and we can trace him ag at- 
tending the royal court at Winchester in July, 1251, 
and as present at York on the occasion of the mar- 
riage of Henry’s daughter with Alexander II. of 
Scotland, some six months later. In March, 1257, 
Henry himself visited St. Alban’s, and remained at the 
monastery for a whole week. During this time he not 
only admitted Matthew to his table and to conversa- 
tions in his private chamber, but also communicated 
to him facts and details of an historical character de- 
rived from his own personal knowledge and experience. 
Among other information, Matthew tells us that Henry 
repeated to him from memory the titles of the English 
baronies to the number of two hundred and fifty. The 
last incident recorded by the historian himself with 
respect to his own career is the fact that he exerted his 
influence with Henry on behalf of the university of 
Oxford, when that body found its privileges endan- 
gered by the encroachments of the bishop of Lincoln. 
In his latter years, Matthew’s growing infirmities com- 
pelled him to have recourse to the aid of a fellow- 
monk in order to complete his works; this assistance 
is to be traced in the //istoria Anglorwm from 1252 
to the end of the work (1253); in the Abbreviatio 
Chronicorum for the years 1253, 1254, and 1255; and 
in the Chronica Majora for the years 1258 and 1259, 
Matthew died after the month of May, 1259, and his 
portrait, as he lay on his couch when dead, was drawn 
by his fellow-monk. 


Works.—Matthew Paris’s chief work, the Historia Major, 
—often styled the Chronica Majora,—is a narrative profess- 
ing to record the outlines of human history from the crea- 
tion, and terminating with the year 1259. It was long 
supposed that Roger of Wendover was the author of a 
much larger proportion of the work than was really the 
case; but the question may be regarded as finally set at 
rest by the decisive investigations and conclusions of Dr. 
Luard, as stated at Jength in his prefaces to the volumes 
of his edition of the work in the Rolls Series. He con- 
cludes that the Historia Major down to the year 1189 was 
the work of John de Cella, abbot of St. Alban’s from the 
year 1195 to.1214; that it was then continued by Roger of 
Wendover on the same plan and from the same sources to 
the year 1235, the whole work down to this date passing 
for a long time as the production of the latter writer ex- 
clusively, and being known as the Flores Historiarum ; that 
it was then transcribed by Matthew Paris, who, however, 
made numerous corrections and additions, but, in the opin- 
ion of Professor Stubbs, “interpreted ” rather than “inter- 
polated” ; that it was then continued by the same writer, 
and is, from 1235 to the year 1259, exclusively his work. 
In style, in vividness of narration, and in descriptive 
power Matthew far excels his two predecessors. He is also 
entitled to the praise of having been a warm advocate of 
English rights and liberties, and a sturdy opponent alike 
of regal and papal tyranny ; in fact, the national sentiment 
may be said first to receive adequate expression in his 
pages. The work, moreover, is not only the best source of 
informatioa with respect to events in England during the 
reign of Henry III. down to the commencement of the. 
Barons’ Wars, but is also an authority with respect to Con- 
tinental affairs, especially those of France and the empire. 

The Historia Anglorum of Matthew is mainly an abridg- 
ment of his larger work,—the chief feature of difference 
being the omission of almost everything relating to foreign 
events. Sometimes, however, detailsand more particularly 
personal anecdotes are introduced, with many minute facts 
and circumstances which would be sought for in vain eise- 
where, and largely illustrate contemporary usages and the 
general condition of society. Besides the above, Matthew 


‘wrote an Abbreviatio Chronicorwm, extending from the year 
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1100 to 1255. Of this only one manuscript exists,—that in 
the author’s own handwriting, preserved in the Cottonian 


collection in the British Museum, and printed in the third | 


volume of the Historia Anglorum, edited by Sir Francis 
Madden. Matthew also compiled a Liber Additamentorum, 
or Supplementorum, containing documents illustrative of 
the Greater Chronicle. This is contained in the folio edi- 
tion. of Matthew’s writings edited by Wats, and published 
in 1640. 

The Vitx viginti trium Abbatum S, Albani, or Lives of the 
Abbots of St. Alban’s, does not bear Matthew’s name, but is 
unquestionably the production ef his pen. The biographies 
which belong to the period preceding the Norman Conquest 
contain valuable and interesting notices, but also include 
much of what is evidently fabulous. The Vite duorum Of- 
farum, or Lives of the two Offas,—the one a mythical charac- 
ter, the other the historic monarch of Mercia,—is a compo- 
sition of little value, and some doubt attaches to the au- 
thorship. Both the foregoing, however, are included in 
the edition by Wats. 

Lditions.—The best edition of the Historia Major is that 
by Dr. Luard, published in five volumes in the Rolls Series, 
1872-80. Of the Historia Minor an edition in three volumes 
in the same series was edited by $ir Frederic Madden, 
1866-69. (J. B. M.) 


MATTHIAS (1557-1619), holy Roman emperor, 
the fourth son of the emperor Maximilian II., was 
born on the 24th of February, 1557. He was educated 
in Germany by the diplomatist Busbeeq, while his 
brother, afterwards the emperor Rudolph IL, was 
trained at the court of Philip II. of Spain. In 1577 
Matthias went secretly to the Netherlands, the sover- 
eignty of which he unlawfully assumed; but in 1580 
he was compelled to withdraw into private life. He 
was vain, restless, and ambitious, and intrigued inces- 
santly against the emperor Rudolph, a man of weak 
character, with a constitutional tendency to insanity. 
Rudolph passed wholly under the dominion of the 
Jesuits, and this rendered it easy for Matthias to stir 
up his Protestant subjects against him. In 1595 

atthias was made regent in Austria, and in 1606 the 
archdukes recognized him as head of the house of 
Hapsburg. Rudolph had to relax his hold over one 
country after another, and in 1611 Matthias was ruler 
of Hungary, Moravia, Silesia, Lusatia, and even Bohe- 
mia, whose loyalty the emperor had tried to secure by 
many concessions, especially by the letter of majesty 
granting religious freedom to Protestant sects. In 
1612, after the death of Rudolph, Matthias was elected 
emperor; and his reign was not less disturbed than 
that of his predecessor. The intervention of Turkey 
in Transylvania led to war, and in 1615 Matthias, be- 
ing unsupported by the empire and by his own estates, 
found that he had no alternative but to conclude peace 
for twenty years on humiliating terms. Protestants 
and Catholics, bitterly hating each other, formed re- 
spectively the Union and the League, and the rising 
power of the archduke Ferdinand, afterwards emperor, 
a bigoted prince who became king of Bohemia in 1617 
and king of Hungary in 1618, indicated that even 
more serious troubles were approaching than those 
with which Rudolph had contended. In the last two 
years of the reign of Matthias, the Bohemians having 
rebelled, the first blows in the Thirty Years’ War 
were struck. He died on the 20th of March, 1619. 

MATTHIAS CORVINUS (1443-1490), king of 
Hungary, was born at Klausenburg in Transylvania on 
March 27, 1443, and died at Vienna on April 6, 1490. 
He was the younger son of John Hunyady (Corvinus) 
who died in 1456 after having been “‘ governor of 
Hungary’ from 1446 to 1453. On the death of John, 
the elder of his two sons (Ladislaus) was executed by 
command of Ladislaus Posthumus, while Matthias was 
imprisoned at Prague; but shortly after the king’s 
own death without issue in 1457, Matthias Hunyady 
(Corvinus) was elected by the Hungarian magnates to 
the vacant throne (January 24, 1458), The leading 
events of his reign are summarized in the article Hun- 
GARY (vol. xii. p. 383, 384). 

MATTING. Under this name are embraced many 
coarse woven or plaited fibrous materials used for cov- 

Vou, XV.—723 


641 


'ering floors or furniture, for hanging as screens, for 
| Wrapping up heavy merchandise, and for other mis- 
cellaneous purposes. In the United Kingdom, under 
the name of ‘‘coir’”’ mattingalarge amount of a coarse 
kind of carpet is made from cocoa-nut fibre ; and the 
same material, as well as strips of cane, Manila hemp, 
various grasses and rushes, is largely employed in va- 
rious forms for making door mats. Perforated and 
otherwise prepared india-rubber is also largely utilized 
for door and floor mats. Matting of various kinds is 
very extensively employed throughout India for floor 
coverings, the bottoms of bedsteads, fans and fly-flaps, 
ete. ; and a considerable export trade in such manu- 
factures is carried on. The materials used are numer- 
ous; but the principal substances are straw, the bul- 
rushes 7’ypha elephantina and 7. angustifolia, leaves 
of the date palm (Phenix sylvestris), of the dwarf 
palm (Chamerops Ritchiana), of the Palmyra palm 
( Borassus flabelliformis), of the cocoa-nut palm ( Cocos 
nucifera) and of the screw pine (Pandunus odoratissi- 
mus), the raunja or munj grass (Saccharwn Munja) 
and allied grasses, and the mat grasses Cyperus teatilis 
and (. Pangorer, from the last of which the well-known 
Palghat mats of the Madras Presidency are made. 
Many of these Indian grass mats are admirable ex- 
amples of elegant design, and the colors in which they 
are woven are rich, harmonious, and effective in the 
highest degree. Vast quantities of coarse matting 
used for packing furniture, heavy and coarse goods, 
and plants, etc., are made in Russia from the bast or 
inner bark of the lime tree: This industry centres in 
the great forest governments of Viatka, Nijni-Nov- 
gorod, Kostroma, Kazan, Perm, and Simbirsk. 

MATTOON, a city of the United States, in Coles 
county, Illinois, 172 miles south-southwest of Chicago, 
on the Central Illinois Railroad, which at that point 
intersects the Indianapolis and St. Louis and the Pe- 
oria, Decatur, and Evansville Railroads. It had 5737 
inhabitants in 1880, has railway carriage works and 
repair shops, and is rising rapidly in commercial im- 
portance. 

MATURIN, CHartts Ropert (1782-1824), novel- 
ist and dramatist, perplexed the serious and served as 
a butt for the more light-minded critics of the first 
quarter of the 19th century. The bombastic extrava- 
gance of his language, the incoherence of his plots, 
the wild improbability of many of his incidents, the 
inconsistency of his characters, were obvious and un- 
deniable; but there were so many passages of extra- 
ordinary eloquence in his novels, especially in his 
descriptions of turbulent passion, that, though some 
pronounced him evidently mad, all admitted that it 
was a madness allied to genius. At first he published 
only sermons in his own name, being curate of St. 
Peter’s, Dublin. His first novels, The Fatal Revenge 
(1804), Lhe Wild Irish Boy (1808), The Milesian 
Chief (1811), were issued under the pseudonym of 
Dennis Jasper Murphy. All these were mercilessly 
ridiculed by the press and neglected by the public, but 
the irregular power displayed in them attracted the 
notice of some social and literary magnates; and 
through the influence of Byron and Scott, Maturin’s 
tragedy of Bertram was produced at Drury Lane in 
1816, with a prologue by Hobhouse, an epilogue*by 
the Hon. George Lamb, and with Kean and Miss 
Kelly in the leading parts. The magnificent scenic situa- 
tions, and the character of Bertram (like one of Byron’s 
sombre heroes), make this an effective stage play. 
It was the first and only success of the author; he re- 
turned to ‘‘the baffled efforts and the blighted hopes ”’ 
of which Hobhouse speaks in his prologue. Two more 
tragedies. Manuel (1817) and Fredolpho (1819), were 
failures. A poem, The Universe (1821), fell flat. Three 
novels, Women (1818), Melmoth (1820), and Vhe Albi- 
genses (1824), produced a considerable impression. In 
the preface to Women he admitted that his previous 
novels had been justly condemned, being an impossible 
attempt to revive the exploded style of Mrs. Radcliffe, 
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and promised that he would enter on a newvein. But 
he could not alter his character. The new vein was as 
wild, fantastic, incoherent, interspersed with passages 
of really splendid eloquence, as the old. The Albi- 
genses was to be the first of a series of historical ro- 
mances, illustrating periods of Kuropean history, and 
it was noticed in the Westminster poeta as giving, 
with all its faults, promise of better things; but the 
author died in the year of its publication. 

MAUBEUGE, a fortified place of Northern France, 
situated on both banks of the Sambre, 142 miles by 
rail northeast from Paris, and about 2 miles from the 
Belgian frontier. Its fortifications were planned by 
Vauban; the enceinte is pierced by two gateways, that 
of France and that of Mons. Maubeuge, besides con- 
taining an arsenal and several old convents, is an in- 
dustrial town, manufacturing swords, files, axles, tools, 
hardware, machinery, porcelain tiles, and paper; in 
the neighborhood there are numerous forges. ‘The 
population in 1876 was 14,400. 

Maubeuge owes its origin to a double monastery for men 
and women founded in the 7th century by St. Aldegonde. 
It was burnt by the Normans, by Louis XI., by Francis L., 
and by Henry II., and was finally assigned to France by 
the treaty of Nimeguen. It was fortified by Vauban at 
the command of Louis XTY., who first saw military service 
there, under Turenne. Besieged in 1793 by the prince of 
Coburg, it was relieved by the victory of Wattignies. It 
was unsuccessfully besieged by the duke of Saxe-Weimar 
in 1814, but was compelled to capitulate, after a vigorous 
resistance, in the following year. 

MAULMAIN, or MovuLMetn, a town in Amherst 
district, British Burmah, situated on the left bank of 
the Salwin river, in 16° 30’ N. lat. and 97° 38’ E. 
long. At the time of the cession of this part of the 
province to the British in 1826, Maulmain was a mere 
waste. It has now developed into a thriving commer- 
cial town, ranking next to Rangoon in importance, 
with a rapidly increasing population and trade. The 
population, which in 1857 was 23,683, had increased 
in 1872 to 46,472, and in 1881 to 53,107 (32,895 males 
and 20,212 females). The principal buildings are Sal- 
win House, originally a private residence, but now the 
prety of the municipality, the hospital, the jail, 

rotestant and Roman Catholic churches, the custom- 
house, and other public offices, and the barracks for 
the garrison of Madras native infantry. For many 
years timber formed the only export, but with the 
gradual settlement of the country and increase in ag- 
riculture rice and cotton began to be also exported; 
besides these, the other staple exports are hides, horns, 
lead, copper, yellow orpiment, and stick-lac. The 
principal imports are eotton twist and cloth, woollen 
pene sree wines and spirits, sugar, and betel-nuts. 

n 1880-81 573 vessels (266,010 tons) entered the port, 
and 536 (265,147 tons) cleared. The value of merchan- 
dise imported was £666,810, of treasure £312,190, of 
merchandise exported £1,389,763, and of treasure 
£92,817. Shipbuilding forms an important industry 
of the town. 


MAUNDY THURSDAY, the day preceding Good | 


Friday. The word ‘‘maundy’’ (Middle English, maan- 
dee or maunde, a command) is identical with the 
““mandatum’’ of the rubric and anthem of the 
Missal for the fifth day in Holy Week, sometimes 
called ‘‘ Dies Mandati”’ (see this shown at length by 
Skeat in Htym. Dict., and in note to Piers Plowman, 
xvi. 140). The “‘mandatum”’ or ‘‘maund”’ referred 
to is the ‘‘new commandment”’ of John xiii. 34, but 
more particularly the precept -given to the disciples in 
the same chapter “‘to wash one another's feet.’’ The 
practice by prelates and others of literally and formally 
carrying out this injunction in a public manner on a 
given day has long been established both in the Hast 
and in the West. Perhaps an indication of it may be 
discerned as early as the 4th century in a custom, cur- 
rent in Spain, Northern Italy, and elsewhere, of wash- 
ing the feet of the catechumens towards the end of 
Lent before their baptism; it was not, however, uni- 
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versal, and in the 48th canon of the synod of Elvira 
(306 A.D.) it is expressly prohibited (comp. Corp. Jur. 
Can., c. 104, caus. i. qu. 1). Be this as it may, the 
‘*nedilavium,’’ or ceremony of washing the feet of 
twelve beggars on this day, has now for centuries been 
observed by the prelates of the Church of Rome, in- 
cluding the pope himself, according to a ritual mi- 
nutely described in the Missal; it is also practiced by 
the Austrian emperor, the king of Bavaria, and other 
European sovereigns in the Latin obedience, as well as 
by the emperor of Russia and others at the head of 
the Greek Church. In England it was continued by 
the sovereign even after the Reformation; the last 
recorded instance of its full performance is in the case 
of James II., but a distribution of royal alms, consist- 
ing of money and clothing, is still continued. Itis on 
Maundy Thursday also that in the Church of Rome 
the sacred oil is blessed, and the chrism prepared, ac- 
cording to an elaborate ritual which is given in the 
Pontificale. 

MAUPERTUIS, Prerer Louts Mornav pk (1698- 
1759), a mathematician and astronomer of considerable 
reputation in his day, was born at St. Malo, July 17, 
1698. When twenty years of age he entered the army, 
becoming lieutenant in a regiment of cavalry, and em- 
ploying his leisure on mathematical studies, After 
five years he quitted the army and was admitted in 
1723 a member of the academy of sciences. In 1728 
he visited London, and was elected a fellow of the 
Royal Society. In 1736 he acted as chief of the ex- 
pedition sent by Louis-XV. into Lapland to measure 
the length of a degree of the meridian within the polar 
circle, in order to settle the then much-disputed ques- 
tion of the oblate figure of the earth, and, on his return 
home, he became a member of almost all the scientific 
societies of Hurope. In 1740 Maupertuis went to Ber- 
lin on the invitation of the king of Prussia, and took 
part in the battle of Mollwitz, where he was taken 
prisoner by the Austrians. On his release he returned 
to Berlin, and thence to Paris, where he was elected 
director of the academy of sciences in 1742, and in the 
following year was admitted into the Academy. Re- 
turning to Berlin in 1744, Maupertuis married a lady 
of rank and great beauty, and in 1746 was chosen pres- 
ident of the royal academy of sciences. Finding his 
health declining, he repaired in 1757 to the south of 
France, but went in 1758 to Basel, where he died July 
27, 1759. Maupertuis was unquestionably a man 
of considerable ability as a mathematician, but his 
restless, gloomy disposition involved him in constant 
a of which his controversies with Konig and 

oltaire during the latter part of his life furnish 
examples. 


The following are his most important works :—Essay on 
Cosmology ; Discourse on the Different Figures of the Stars ; 
Essay on Moral Philosophy; Philosophical Reflections, etc.; 
Animal Physics; System of Nature; Elements of Geography ; 
Account of the Expedition to the Polar Circle, etc.; Laws of 
Motion; Laws of Rest; Parallax of the Moon; The Comet of 
1742; On the Progress of the Sciences. He also contributed a 
large number of interesting papers to the Memoirs of the 
academies of Paris and Berlin. 


MAU RANIPUR, a town in Jh4nsf district, in the 
Northwestern Provinces of India, in 25° 157 N, lat., 
79° 11’ K. long. The population in 1872 was 16,428. 
Although now a large trading centre, the town is of 
quite modern commercial importance, haying risen 
from the position of a small agricultural village through 
the influx of merchants seeking relief from extortionate 
demands made by the raja of a neighboring native state. 
It contains a large community of wealthy merchants 
and bankers. A special variety of cloth, known as 
kharna, is manufactured and exported to all parts of 
India. The principal imports are sugar, English piece- 
goods, silk, metals, and coffee. Trees line many of 
the streets, and handsome temples ornament the 


town. 
MAURER, Grora Lupwia von (1790-1872), a 
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distinguished German jurist and statesman, was born 
at Erpolsheim in the Bavarian Palatinate, November 
2, 1790. He was the son of a Protestant pastor. He 
received his education at the university of Heidelberg, 
and afterwards followed for some time the profession 
of an advocate. In 1812 he went to reside in Paris, 
where, with the aid of the great libraries of that city, 
he entered on a systematic study of the ancient legal 
institutions of Germany. On his return to Bavaria 
he was appointed substitute for the attorney-general 
in the district of Spires and Landau. In 1824 he pub- 
lished in Heidelberg his first work, Geschichte des alt- 
germanischen und namentlich alt-buirischen 6ffentlich- 
miindlichen Gerichtsverfahren, which obtained the first 
prize of the academy of Munich.- In 1826 he was 
made one of the professors of law in the university of 
Munich. In 1832, Otho, son of King Louis of Bavaria, 
having been chosen to fill the throne of Greece, a 
council of regency was nominated to conduct the gov- 
ernment of that country during his minority. Of this 
council Von Maurer was appointed a member, the, 
others being the Count von Armansperg, who was 
president, Major-General K. W. von Heideck, and K. 
von Abel. They applied themselves energetically, and 
at first apparently in a spirit of concord, to the task | 
of creating for the new kingdom institutions adapted 
to the requirements of a modern civilized community. 
But grave differences soon made themselves felt, Man- | 
rer being at variance with the president on important 
administrative questions. These being referred to 
King Louis, he decided in favor of the president, and 
Maurer and Abel were suddenly recalled in 1834. The 
loss of Maurer was a serious one for Greece; he was 
the ablest, most energetic, and most liberal-minded 
member of the regency, and had already done import- | 
ant work in the juridical and educational organization | 
of the kingdom. It was through his enlightened efforts | 
that Greece had obtained a revised penal code, regular | 
tribunals, and an improved system of civil procedure. 
Soon after his feat he published his work entitled 
Das griechische Voll: in éffentlicher, kirchlicher, and | 
ete Beziehung vor und nach dem Frei- 
heitskampfe bis zum 31 Juli, 1834 (3 vols., Heidel- 
berg, 1835-36). This book is a valuable source of 
information on the history of Greece during the pre- 
ceding years, its condition before the call of Otho to 
the throne, and the labors of the council of regency 
. down to the time of the author’s recall. Notwith- 
standing his removal from office, he does not appear 
to have forfeited the esteem or goodwill of King Louis. 
After the fall of the ultramontane ministry of Abel in 
1847, he became minister of foreign affairs and of jus- 
tice, but on attempting to carry out reforms he was 
overthrown; retiring then from political life, he de- 
voted himself altogether to historical and juristic 
studies, the fruits of which he gave to the world in 
successive publications He died at Munich, May 9, 
1872. 

The following is believed to be a complete list of such of 
his writings as have not been already mentioned :—Grund- 
riss des deutschen Privatrechts, 1828; Ueber die bairischen 
Stidte und ihre Verfassung unter der romischen und frankischen 
Herrschaft, 1829; Ueber die deutsche Reichsterritorial- wid 
Rechtsgeschichte, 1830; Das Stadt- und das Landrechtsbuch Ru- | 
prechts von Freising nach 5 miinchener Handschriften, ein Bei- 
trag zur Geschichte des Schwabenspiegels, 1839; Ueber die Frei- 
pflege (plegium liberale), und die Lntstehung der grossen und | 
kleinen Jury in England, 1848; Linleitung zur Geschichte der 
Mark-, Hof-, Dorf-, und Stadt-Verfussung und der offentlichen 
Gewalt, 1854; Geschichte der Marken-Verfassung in Dewtsch- 
land, 1856; Rede bei der 100-jahrigen Stiftungsfeier der K. 
Akademie der Wissenschaften am 28 Marz, 1859; Geschichte 
der Dorf-Verfassung in Deutschland, 2 vols., 1865-66; Ge- 
schichte der Hronhofe, der Bauernhofe, wnd der Hofverfassung 
in Deutschland, 4 vols., 1862-63; Geschichte der Stadteverfas- 
sung in Deutschland, 4 vols., 1869-71. He also superintended 
the preparation of a part of the continuation of Jacob 
Grimm’s Weisthiimer published under the auspices of the | 
academy of Munich, 1866. His researches on the ancient | 
village communities of Germany are of special interest and 
importance, : 


| tine. 
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MAURETANTA, or Maurrranta (the former is 
the more correct form of the name, according to coins 
and inscriptions), was the name given in ancient geog- 
raphy to the district which constituted the northwest- 
ern angle of the African continent. It comprised a 
considerable part of the modern empire of Morocco, 
together with the western portion of Algeria. But 
its limits varied much at different times. When it 
first appears in history the river Mulucha constituted 
its eastern limit, which separated it from the Numidian 
tribe of the Massyli, who held all the country from that 
river to the Ampsaga; but at a later period the 
kingdom of Mauretania was extended to the latter 
river so as to include the whole territory from the 
Ampsaga to the Atlantic Ocean. Towards the south 
it was bounded by the great range of Mount Atlas, 
and it appears to have been regarded by geographers 
as extending along the coast of the Atlantic as far as 
the point where that chain descends to the sea, in about 
30° N. lat., though the Roman province of the name 
extended but a little beyond Sala (Sallee), and it is 
probable that there were no towns or permanent set- 
tlements farther south. The magnificent plain, or 
rather plateau, in which the city of Morocco is situated 
seems to have been unknown to ancient geographers, 
and was certainly never included in the Roman empire. 
On the other hand the Gzetulians, who inhabited the 
narrow strip of fertile date-producing territory on the 
southern slopes of the Atlas, though not included 
under the name of Mauretania, seem to have always 
owned a precarious subjection to the kings of that 
country, and in after days to its Roman governors. 

The physical geography of the country will be de- 
scribed under the heading Morocco, though it must 
be observed that the term Mauretania, as used by the 
Romans, comprised also the greater portion of the 
French colony of Algeria, including the provinces of 
Oran and Algiers, and even a part of that of Constan- 
The range of Mount Atlas forms throughout 
the backbone of the country, from which the streams 
descend to the Mediterranean and the ocean. The 
most important of those on the north coast is the 
Mulucha or Molochath, which in the earliest times 
constituted the eastern limit of the country ; it is still 
called Muluya. Farther east are the Chinala, the Usar, 
and the Ampsaga. Of those that flow westward to- 
wards the Atlantic, the most considerable were the 
Lixus, Subur, and Sala. But from the proximity of 
the mountain ranges to the sea none of ihete streams 
were of any importance or navigable beyond a short 
distance from the sea. 

A large part of the country is of great natural fertility, 
and was in ancient times extensively cultivated, and 
produced large quantities of corn, while the slopes of 

fount Atlas were clothed with vast forests, which, 
besides other kinds of timber, supplied the celebrated 
ornamental wood called Citrus, for tables of which the 
Romans gave such fabulous prices. 


Mauretania, or Maurusia, as it was called by Greek 
writers, unquestionably signified the land of the Mauri, a 
term still retained in the modern name of Moors, and proba- 
bly meaning originally nothing but “black men.” The 
origin and ethnical affinities of the race are unknown; but 
it is probable that the inhabitants of all this northern tract 
of Africa along the coast of the Mediterranean were kindred 
races belonging to the family which is represented at the 
present day by the Berbers of the mountain districts and the 
Tuaricks of the tract south of the Atlas. They first appear 
in history at the time of the Jugurthine War (110-106 B.c.), 
when Mauretania west of the Mulucha was under the 
government of a king called Bocchus, and appears to have 
constituted a regular and organized state. It retained its 
independence till the time of Augustus, who in 25 B.c, 
bestowed the sovereignty of the previously existing king- 
dom upon Juba II., king of Numidia, at the same time 
uniting with it the western portion of Numidia, from the 
Mulucha to the Ampsaga, which now received the name of 
Mauretania Ceesariensis, while the province that had pre- 
viously constituted the kingdom, or Mauretania Proper, 
came to be known as Mauretania Tingitana. This distinc- 
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tion continued to subsist after the incorporation of the two 
provinces in the Roman empire under Claudius in 42 A.D., 
and remained unchanged till the time of Constantine. 

In the time of Pliny and Ptolemy, Mauretania contained 
a number of flourishing cities and towns, several of which 
enjoyed the privileges of Roman colonies, having been 
founded no doubt in great part with a view of keeping in 
check the wild barbarians who still oceupied the greater part 
of the country. The most important of these places were— 
Tingis, on the site of the modern ‘Tangier, the capital of the 
province to which it gave its name; Lixus und Sala, on the 
coast of the Atlantic, at the mouths of the rivers of the 
same names; the three towns in the interior of the same 
province, Zilis, Babba, and Banasa, all of them bearing the 
title of Roman colonies. On the coast of the Mediterranean 
stood Rusaddir (now Melilla), within the limits of Tingi- 
tana; and beyond the Mulucha Cartenna (now Tenes) ; Iol, 
surnamed Cesarea, which was made his capital by Juba IL., 
and continued to be that of Mauretania Cesariensis under 
the Romans (its site is now called Cherchel)) ; Icosium (the 
modern Algiers); Salde (Bujeyah); Igilgili (Jijeli) near 
the eastern limit of the province; and Sitifis (Setif) at no 
great distance in the interior, a town of considerable im- 
portance, which after the time of Constantine gave the 
name of Mauretania Sitifensis to this eastern portion of the 
province. The prosperity of this part of Africa under the 
Roman empire, previous to the irruption of the Vandals in 
429 A.D., is shown by the fact that no less than one hundred 
and seventy towns which were episcopal sees are enumera- 
ted in the Notitia in the two provinces of Mauretania, 

MAURICE (Mauvricrvs), St., and his companions 
are commemorated as martyrs by the Roman Church 
on September 22. The earliest extant form of the 
legend relating to them is that of Hucherius, bishop 
of Lyons about the middle of the 5th century, who tells 
us that Maurice was in command of the Theban legion 
(so called because raised in the Thebais) when it was 
sent into the West and attached to the army of Max- 
imian. Themselves Christians to a man, its members 
refused to persecute their coreligionists, and for this, 
after having twice been decimated, the legion was 
utterly destroyed by command of the emperor at 
Octodurum (Martigny) near Geneva. <A later form 
of the legend connects it with the expedition of Max- 
imian against the Bagaude, who are taken to have 
been Christians; the martyrdom of the legion arises 
out of its refusal to take part in a great sacrifice which 
had been ordered at Octodurum ; and another name 
—that of Exsuperius—is associated with Maurice’s. 
Later still, Gregory of Tours knows of a company of 
the same legion which suffered at Cologne (their 
leader subsequently became known as Gereon). The 
date usually assigned to the martyrdom of the Theban 
legion is 286 A.D.; but it is matter of history that at 
that period the Christians were everywhere unmolested 
in the exercise of their religion throughout the Roman 
empire. On the other hand, at no later date have we 
any evidence of the presence of Maximian in the 
Valais; and, apart from the great @ priori improba- 
bility of the extirpation of a whole legion under any 
circumstances on account of its Christian profession, it 
is practically impossible to get over the fact that such 
writers as Kusebius, Lactantius, Orosius, and Sulpi- 
cius Severus know nothing of such a noteworthy and 
startling event having taken place. But in the long 
and voluminous controversy as to the historical charac- 
ter of this legend it has of course never been attempted 
to deny that isolated cases of officers being put to 
death on account of their religion occurred during the 
reign of Maximian. The cultus of St. Maurice and 
other members of the Theban legion occurs chiefly in 
Switzerland, the region of the Rhine, and Northern 
Italy ; the foundation of the abbey of St. Maurice 
(Agaunum) in the Valais is usually ascribed to Sigis- 
mund of Burgundy (515). 

MAURICE (Mavricius Fiayrus Trserius), em- 
peror of the Hast from 582 to 602, was of Roman de- 
scent but a native of Arabissus in Cappadocia, where 
he was born about 539. He spent his youth at the 
court of Justin IL., and, having joined the army, fought 
with distinction in the Persian war (578-581). At the 
age of forty-three he was declared Ceesar by the dying 
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emperor Tiberius II., who bestowed upon him the 
hand of his daughter Constantina. In the meagre 
annals of the reign of Maurice the most conspicuous 
events are the termination of the long struggle in the 
Hast with the restoration to the Persian throne of 
Chosroes II. by the Roman general Narses (not the 
conqueror of Italy) in 591, and the successes of Priscus 
in the protracted war against the Avars. Some inop- 
portune attempts at army reform, and an ill-judged re- 
fusal to provide a ransom which might have prevented 
the massacre of twelve thousand prisoners in the hands 
of the enemy, led to a rebellion among the legions on 
the Danube, who declared Maurice unworthy to reign, 
and, commanded by Phocas, then a simple centurion, 
but destined to become emperor, marched upon Con- 
stantinople. Thecapital having declared against him, 
Maurice abdicated and withdrew to Chalcedon, but was 
pursued and put to death there after having witnessed 
the murder of five of his sons (November 27, 602). 
He was the author of a work on military art (otpatyycxa) 
in twelve books, of which there is an edition by Schef- 
fer, published at Upsala in 1664. There is.a Vita 
Mauricti by Theophylact Simocatta. 

MAURICE or Nassau, prince of Orange, the 
younger son of William the Silent, was born at Dillen- 
burg in 1567, and was made governor of the United 
Provinces after the assassination of his father in 1584. 
He succeeded his brother as prince of Orange in 1618, 
and died at the Hague on April 23, 1625. For the 
leading features of his character and events of his life 
see HOLLAND, vol. xil. pp. 80, 81. 

MAURICE (1521-1553), duke and elector of Sax- 
ony, the son of Duke Henry the Pious, was born on 
the 21st of March, 1521. He received a learned edu- 
cation, and at an early age gave evidence of an encr- 
geticand ambitious temper. In 1541 he married Agnes, 
daughter of the landgrave Philip of Hesse, and suc- 
ceeded his father as duke of Saxony, of the Albertine 
line. Although a Protestant, he held cautiously aloof 
from the League of Smalkald; and in 1542 and 1543 
he received imperial favor by supporting Charles Y. 
against the Turks and the French. In 1546, when 
Charles V. attacked the League of Smalkald, Maurice 
sided with the emperor, the result being that he was 
made elector of Saxony in place of his cousin John 
Frederick (of the Ernestine line), who was taken pris- 
oner and deposed. At this time Maurice was detested 
by the German Protestants, who considered him a 
traitor to his religion; but the tidesoon turned. Fear- 
ing that the emperor’s ultimate aim was to strike at 
the authority of the princes, he began silently to make 
preparations for war; and Charles V. was imprudent 
enough to provide him with a pretext for opposition 
by detaining the landgrave Philip of Hesse, whose 
freedom Maurice had guaranteed. In 1551 Maurice 
concluded a secret treaty with Henry II. of France 
against the emperor, and an alliance was also formed 
with several German princes. Charles V. refused to 
believe in the reality of the danger; but in March, 
1552, he was startled by the intelligence that Henry IT. 
had entered Germany as an inyader, and that Maurice 
was hastening southward at the head of a powerful 
army.. John Frederick and Philip were at once re- 
leased, and the emperor, after an ignominious flight, 
was compelled to sign the treaty of Passau. After 
the re-establishment of peace Maurice fought for some 
time against the Turks in Hungary; he then returned 
to Saxony, and associated himself with the alliance 
against Margrave Albert of Brandenburg, by whom 
the treaty of Passau had not been recognized. At 
Sievershausen, on the 9th of July, 1553, the margrave 
was defeated; but during the battle Maurice was 
wounded, and two days afterwards he died in his tent. 
He was not only a great diplomatist and general, but 
|one of the most enlightened rulers of his age, and his 
early death was sincerely deplored by his subjects. In 
his last years he was content ‘‘ with small diet and little 
‘sleep.’’ ‘‘Therefore,’’ says Roger Ascham, who had 
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seen him, “‘he had a waking and working head, and 
became so witty and secret, so hardy and ware, so skil- 
ful of ways, both to do harm to others and to keep 
hurt from himself, as he never took enterprise in hand 
wherein he put not his adversary always to the worse.”’ 


See Roger Ascham, A Report and Discourse of the Affairs 
and State of Germany; Langenn, Moritz, Herzog und Kur- 
fiirst von Sachsen, 1841; G. Voigt, Moritz von Sachsen, 1541-47, 
1876, 


MAURICKH, Joun FrepERIC DENISON (1805-1872), 
better known without his first name, an English clergy- 
man and theologian, was born in the year 1805. e 
was the son of a Unitarian minister, and educated in 
his father’s faith, entering Trinity College, Cambridge, 
as a Nonconformist, for the sake of the university 
course, at a time when it was impossible for any but 
members of the Kstablished Church to obtain a degree. 
Together with John Sterling, Maurice migrated to the 
smaller college of ‘Trinity Hall, whence he obtained a 
first class in civil law in 1827; he then came to London, 
and gave himself to literary work, editing for a short 
time the Athenceum newspaper. During this period 
of his life he came under the influence of 8. T. Cole- 
ridge,—an influence which drew Maurice into con- 
formity, and issued through him in what was known 
as the Broad-Church school of thought. 

When Maurice joined the Church of England, he 
might no doubt have returned to Cambridge for his 
degree, or, when he chose Oxford, his terms at Cam- 
bridge would have been allowed him, but with char- 
acteristic thoroughness he elected to go through the 
whole Oxford course. Heentered Hxeter College, and 
obtained a second class in classics in 1831. 

The intellectual stir of Oxford life, and the vehement 
controyersies in the clash of which sparks of truth 
seemed struck out, were probably among the causes 
which attracted Maurice to Oxford, and he afterwards 
took his full share in them, always in a liberal, tolerant, 
yet strongly Protestant spirit. He was ordained in 
1834, and after a short interval spent in parish work 
in the country was appointed chaplain of Guy's Hos- 
pital, and became thenceforward a sensible factor in 
the intellectual and social life of London. Carlyle has 
told us how “going to Guy’s’’ Sunday after Sunday 
was a part of Sterling’s routine, and an appreciable 
number of persons far above the average were attracted 
to the hospital chapel. In 1840 Maurice was appointed 
professor of history and literature in King’s College, 
to which in 1846 was added the chair of divinity. 
These chairs he held till 1853. In that year he pub- 
lished Theological Essays, wherein were stated opin- 
ions which savored, to the principal, Dr. Jelf, and to 
the council, of unsound theology in regard to eternal 
punishment. Maurice maintained with great warmth 
of conviction that his views were in close accordance 
with Scripture and the Anglican standards, but the 
council ruled otherwise, and he was deprived of his 
professorships. He held at the same time the chap- 
lainey of Lincoln’s Inn (1846-60), but no attempt was 
made to deprive him of this. Neither was he assailed 
in the incumbency of St. Peter's, Vere Street, which 
he held for nine years (1860-69), and where, though 
his congregation was never large, partly perhaps be- 
cause no parish or district was apportioned to his 
church, he drew round him a circle of thoughtful per- 
sons, attached in no common degree to himself and to 
his teaching. 

During his residence in London Maurice was specially 
identified with two important movements for education, 
the Working Men’s Collece, and Queen’s College for 
the education of women, while he threw himself with 
great energy into all that affected the social life ofthe 
people. Certain abortive efforts at a true co-operation 
among working men, and the movement known as 
Christian Socialism, were the immediate outcome of 
his teaching, and directly fostered by himself: 
1866 Maurice was appointed professor of moral phi- 
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losophy in the university of Cambridge. He died on 


the Ist of April, 1872. 


Maurice was before all things a preacher. The actual mes- 
sage he had to proclaim was apparently simple ; his two great 
convictions, which he strove to impress on all other men, 
were the fatherhood of God, and that all religious systems 
which had any stability lasted because of a portion of truth 
which had to be disentangled from the error differentiating 
them from the doctrines of the Church of England as un- 
derstood by himself, His love to God as his Father was a 
passionate adoration which filled his whole heart. No one 
whoever heard Maurice read the Lord’s Prayer can possibly 
forget it; the intensity of his convictions in the pulpit 
made his message seem as luminous and clear as it was 
brief and concentrated, though his teaching apart from 
the living voice had by no means the same character. 

It was the peculiarity of his congregation that those who 
wanted his advice sought him; having no parish, he had 
no definite sphere of work beyond the church. Thus his 
preaching took the forms now of exposition and now of 
the resolution of metaphysical difficulties, rather than of 
direct dealing with the facts, the sins, and the temptations 
of human life common to all. Feeling this defect, he took 
for a time a district for parochial visitation, but was per- 
plexed and distressed at the experience to which he was 
unequal, With all his affectionateness and desire to give 
sympathy he was unable even to conceive intellectual dif- 
ficulties which were not his own. To those who did not 
demand of him all they needed, but took thankfully what 
he had to give, he was altogether a stimulating and helpful 
teacher. He opened new views, and encouraged men to 
think for themselves, and see what their words meant. 
He was even morbidly fearful of founding a party, and was 
deeply distressed at the name Broad-Churech. Those who 
surrounded him, and were kept together by his personal 
charm and influence, were learning to think for them- 
selves, and have dispersed in many directions. There are 
probably not half a dozen persons who, even nominally, 
reflect the precise shades of Maurician teaching. 

As a writer it is extremely doubtful if his work will 
have a great and permanent place in the future. His one 
novel, Lustace Conway, is even now unread; his theological 
works, though abounding in passages of great beauty, full 
now and then of a fiery eloquence, are as a whole somewhat 
obscure. He published too much, and a large number of 
his works are sermons recast. We miss the human voice, 
and we find a class of writing which only the highest ex- 
cellence can make tolerable out of the pulpit. 

Maurice’s greatest effect on his time is in his educational 
work. The Working Men’s College, which owes more to 
him than to any one else, for which he rendered great 
sacrifices, and which was and is more full of his spirit than 
are most institutions of that of their founders, was a totally 
new departure in education. It was intended to give, and 
it has largely succeeded in giving, not what is called a 
popular education, but “higher education” to working 
men, and in combining teachers and taught in a college 
with its social life, and a bond of common interests. 
Queen’s College, in like manner for the higher education 
of girls, isscarcely less identified with his life, though its 
influence is not so great, nor can its work be so widely 
known. i 

Both at King’s College and at Cambridge Maurice 
gathered round him a band of earnest students, to whom 
he directly taught much that was valuable drawn from ~ 
wide stores of his own reading, wide rather than deep, for 
he never was, strictly speaking, a learned man. Still more 
did he encourage the habit of inquiry and research, more 
valuable than his direct teaching. In his power, which 
has been truly called Socratic, of convincing his pupils of 
their ignorance he did more than perhaps any other man 
of our time to awaken in those who came under his sway 
the desire for knowledge and the process of independent 
thought. 

If, as a social reformer, Maurice’s name be forgotten in 
the future, it will be because in much he was before his 
time, and gave his eager support to schemes for which the 
world was not ready. From avery early period of his life 
in London the condition of the poor pressed upon him with 
consuming force; the enormous magnitude of the social 
questions involved was a burthen which he could hardly 
bear. He threw himself with characteristic energy into 
schemes for a true co-operative system, in which some 
ardent young men were then engaged, and in spite of his 
dislike for systems and party names did not shrink from 
being known as a Christian Socialist, and taking a keen 
interest in the paper which bore that name, and was the 
organ of the movement. That and the Polities for the 
| People, much the same paper under a different name, 
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received his sanction and aid ; many strifes between masters 
and workmen were appeased, if not directly by himself, 
by those who were aided by his counsel, and were in con- 
stant intercourse with him. For many years he was the 
clergyman whom working men of all opinions seemed to 
trust even if their faith in other religious men and all 
religious systems had faded, and his power of attracting 
the zealot and the outcast resembled that of the Master 
whom he followed. 

Maurice was twice married, first to a sister of John 
Sterling, secondly to a sister of his friend Archdeacon 
Hare. By his family ties and his closest friendships he 
came in contact with few but intellectual people. Thus 
while he wrote and spoke and worked for the average man 
he set that average somewhat high. Those who were 
privileged to know him did not know a more beautiful 
soul. 


The following are Maurice’s more important works. Some of 
them were rewritten and in ameasure recast, and the date given 
is not necessarily that of the first appearance of the book, but of 
its more complete and abiding form. ustace Conway, or the 
Brother and Sister, a novel, 1834; The Kingdom of Christ, 1842; Christ- 
mas Day and other Sermons, 1843; The Unity of the New Testament, 
1844; The Epistle to the Hebrews, 1846; The Religions of the World, 
1847; Moral und Metaphysical Philosophy (at first an article in the 
Eneyclopxdia Metropolitana), 1848; The Church a Family 1850; The 
Old Testament, 1851; Theological essays, 1853; The Prophels and Kings 
of the Old Testament, 1853; Lectures on Ecclesiastical History, 1854; 
The Doctrine of Sacrifice, 1854; The Patriarchs and Lawgivers of the 
Old Testament, 1855; The Epistles of St. John, 1857; The Conmand- 
ments as Instruments of National Reformation, 1866; On the Gospel of 
St. Luke, 1868; The Conscience: Lectures on Casuistry, 1868; The 
Lord's Prayer, a Manual, 1870, The greater part of these works 
were, as has been already noticed, first delivered as sermons or 
lectures. 
many prefaces and introductions to the works of friends, as to 
Archdeacon Hare’s Charges, Kingsley’s Saint's Tragedy, etc. His 
occasional sermons, speeches, periodical writings, and letters to 
various newspapers need not be here noticed, though they were 
at the time evidence of his interest in all the life of his time, and 
his eager and abounding energy. 


MAURITIUS, formerly called the IsLz or FRANCE, 
an island in the southwestern portion of the Indian 
Ocean, between 57° 18’ and 57° 48” E. long., and 19° 
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Plan of Mauritius. 


58’ and 20° 31’ S. lat., 550 miles east of Madagascar, 
and 115 miles northeast of the island of Réunion, 940 
miles southeast of the Seychelles, 2300 miles from the 
Cape of Good Hope, and 9500 miles from England via 
Aden and Suez. The island is irregularly elliptical— 


Besides this more formal work, Maurice contributed | 
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somewhat triangular—in shape, and is 36 miles long 
from north-northeast to south-southwest, and about 
23 miles broad. It is 130 miles in circumference, and 
its total area is about 713 square miles. The island is 
surrounded by coral reefs, so that the ports are difh- 
cult of access. 

From its mountainous character Mauritius is a most 
picturesque island, and its scenery is very varied and 
beautiful. The most level portions of the coast dis- 
tricts are the north and northeast, all the rest being 
broken by hills, which vary from 500 to 2700 feet in 
height. There ave three principal masses of moun- 
tains: the northwestern or Pouce range, in the district 
of Port Louis; the southwestern, in the districts of 
Riviere Noire and Savanne; and the southeastern 
range, in the Grand Port district. In the first of these, 
which consists of one principal ridge with several 
lateral spurs, overlooking Port Louis, are the singular 
peaks of the Pouce (2650 feet), so called from its sup- 
posed resemblance to the human thumb; and the still 
loftier Pieter Botte (2676 feet), a tall obelisk of bare 
rock, crowned with a globular mass of stone. The 
highest summit in the island is in the southwestern 


mass of hills, the Montagne de la Riviére Noire, which 


is 2711 feet above the sea. The principal ranges in 
this mountain mass are three in number, arranged in 
a triangular form, and are ealled respectively the 
mountains of La Pierre Rouge, La Riviére Noire, and 
Sayanne. The southeastern group of hills consists of 
one chief range, the Montagne du Bambou, with 
several spurs running down to the sea. In the in- 
terior are extensive fertile plains, some 1200 feet in 
height, and forming the districts of Moka, Vacois, and 
Plaines Wilhelms; and from nearly the centre of the 
island rises an abrupt peak, the Piton du Milieu de 
VTle, to a height of 1932 feet above the sea-level. 
Other prominent summits are the Trois Mamelles, 
the Montagne du Corps de Garde, the Signal 
Mountain, near Port Louis, and the Morne Bra- 
bant, at the southwest corner of the island. 

The rivers are of course small, and none of them 
are navigable beyond a few hundred yards from the . 
sea. In the dry season most of them are little 
more than brooks, although they soon become 
raging torrents when swollen by the heavy rains 
of the wet period of the year. The principal stream 
is the Grande Riviére, with a course of about 10 
miles, A remarkable and very deep lake, called 
Grand Bassin, is found in the south of the island, 
and is probably the extinct crater of an ancient 
voleano; other similar lakes are the Mare aux 
Vacois and the Mare aux Jones, and there are 
some other deep hollows which have a like origin. 

The geological structure of Mauritius is un- 
doubtedly a result of voleanic action, all the rocks 
being of basalt and grayish-tinted lavas, excepting 
some beds of upraised coral. Columnar basalt is 
seen in several places. ‘There are many caverns 
and steep ravines, and from the character of the 
rocks the ascents are rugged and _ precipitous. 
The island has few mineral productions, although 
iron, lead, and copper in very small quantities 
have in former times been obtained. 

The climate is pleasant during the cool season 
of the year, but oppressively hot in summer (De- 
cember to April), except in the interior plains, 
where the thermometer ranges from 70° to 80°, 
while in Port Louis and the coast generally it 
ranges from 90° to 96°. The mean temperature 
for the year at Port Louis is 78.6°. During the 
last thirty years the island has been subject to 
severe epidemics, which have been extremely fatal. 
In 1854 a visitation of Asiatic cholera swept off 
17,000 people; and in 1867 a still more destructive in- 
road of malarial fever, of an unusually fatal type, 
almost paralyzed the whole community for many weeks, 
carrying off 30,000 people, and greatly affecting the 
finances of the colony. The seasons are divisible into 
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two, the cool and comparatively dry season, from April 
to November, and the hotter season, during the rest 
of the year. [From the month of January to the mid- 
dle of April, Mauritius, in common with the neighbor- 
ing islands and the surrounding ocean from 8° to 30° 
of S. lat., is subject to severe and destructive cyclones, 
accompanied by torrents of rain, which often cause 
great destruction to houses and plantations. These 
hurricanes generally last about eight hours, but they 
appear to be now less frequent and violent than in 
former times, owing, it is thought, to the destruction 
of the ancient forests and the consequent drier condi- 
tion of the atmosphere. 

The soil of the island is of considerable fertility ; it 
is a ferruginous red clay, but so largely mingled with 
stones of all sizes that no plough can be used, and the 
hoe has to be employed to prepare the ground for cul- 
tivation. The woods with which the island was largely 
clothed when first discovered have been to a great ex- 
tent cut down, and the greater portion of the plains is 
now a vast sugar plantation. The bright green of the 
sugar fields is a striking feature in a view of Mauritius 
from the sea, and gives a peculiar beauty and fresh- 
ness to the prospect. The soil is suitable for the 
cultivation of almost all kinds of tropical produce, 
and it is to be regretted that the prosperity of the 
colony depends entirely on one article of production, 
for the consequences are serious when there happens 
to be a failure, more or less, of the sugar crop. 
Guano is extensively imported as a manure, and by 
its use the natural fertility of the soil has been in- 
creased to a wonderful extent. 

For purposes of law and government Mauritius is 
divided into nine districts, named respectively Port 
Louis, Pamplemousses, Riviére du Rempart, Flacq, 
Grand Port, Savanne, Moka, Plaines Wilhelms, and 
Riviére Noire. The capital and seat of government, 
the city of Port Louis, is situated on the northwestern 
side of the island, at the head of an excellent harbor, 
a deep inlet about a mile long. This is protected by 
two forts,—I’ort William and Fort George,—as well 
as by the citadel in the city, and its value is further 
increased by three graving docks connected with the 
inner harbor. Lighthouses have been erected on Flat 
Island and at Cannonier’s Point. Port Louis has a 
population of about 70,000, but from the lofty moun- 
tains by which it is inclosed its situation is hot, and 
from the small amount of tide in the harbor effectual 
drainage is difficult, so that it is not a very healthy 
town. ‘The public buildings are of no great archi- 
tectural beauty, the government house being a three- 
storied structure with broad verandas, of no particular 
style of architecture, while the Protestant cathedral 
was formerly a powder magazine, to which a tower 
and spire has been added. ‘he Roman Catholic 
cathedral is more pretentious in style, but is tawdry 
in its interior. In the city are large barracks and 
military stores. A maximum contrpution of £45,000 
is paid to the imperial government by the colony 
towards the expenses of the troops stationed in the 
island, but this sum is reduced when the garrison is 
below a certain standard. In 1880 the amount paid 
was £29,972. ‘The governor and chief officers of 
government reside out of Port Louis in the cooler 
uplands of the interior, as do also a large number of 
the principal inhabitants, especially since the comple- 
tion of the railway has made access easy to many 

portions of the island. The most favorite place of 
residence is at Curepipe, a place situated about 1800 
feet above the sea; hore the climate resembles that of 
the south of France, and it has been so much resorted 
to of late years that it is rapidly becoming a large 
town. The construction of the Mauritian railways has 
given a great impetus to the trade of the colony; the 
system embraces two lines, of atotal length of 87 miles. 
he main roads of the island are kept in good order, 
but much yet remains to be done before the road system 


can be said to be complete throughout all the districts. | 
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The prosperity of Mauritius, as already mentioned, 
depends almost entirely upon its sugar-crop, and the 
export trade of the island has greatly increased during 
the last twenty years, as will be seen by the following 
statistics :— 


1864. 


1868. 1873. 1877. 1880, 


Imports. | £2,582,980 | £2,200,098 | £2,454,101 | £2,359,449 | £2,169,672 
Exports.| 2,249,740] 2,339,342 | 3)375;401| 4,201,286 | 3/634,788 


Of the imports the principal items are rice (about a’ 
fifth of the whole), wheat, and other grains, plain and 
colored cottons, and haberdashery. adagascar sup- 
plies cattle to the colony, and also rice, although the 
greater portion of the latter import comes from India. 
Horses are imported from the Cape, ponies from 
Burmah and Pegu, mules from Spain, and sheep from 
Bombay and the Cape. Of the exports, sugar forms 
of course the great item, amounting, on an average, to 
nearly nineteen-twentieths of the whole; the increase 
in its production is shown by the following figures, 
giving values of the sugar exported :— 

1864, 1871. 1877. 1878. 
£2,126,511 £2,841,829 £3,788,291 £3,408,020 


In 1877 the quantity of sugar exported was 189,164 
tons; while in 1854 the quantity was 102,000 tons. 
The next item is rum, which was exported to the 
value of £45,386 in 1878; and the production of cocoa- 
nut oil has increased from 7569 gallons in 1864 to 253,- 
263 gallons in 1878, the latter quantity being worth 
£37,263. The value of the coffee exported in 1879 
was £25,064. The currency consists of rupees and 
cents; and on the Ist of May, 1878, the metric system 
of weights and measures came into use in the island. 


Mauritius being an oceanic island of small size, its present 
fauna is very limited in extent, and does not contain much 
that is interesting. When first seen by Europeans it con- 
tained no mammals except a large fruit-eating bat (Ptero- 
pus vulgaris), which is plentiful in the woods; but several 
animals of this class have been introduced, and are now 
numerous in the uncultivated region. Among these are 
two monkeys of the genera Macacus and Cercopithecus, a stag 
(Cervus hippelaphus), a small hare, a shrew-mouse, and the 
ubiquitous rat. A lemur and one of the curious hedgehog- 
like Inseetivora of Madagascar ( Centetes ecaudatus) have prob- 
ably both been brought from the larger island. The avi- 
fauna resembles that of Madagascar: there are species of a 
peculiar genus of caterpillar shrikes ( Campephagide), as well 
as of the genera Pratincola, Hypsipetes, Phedina, Tehitrea, Zos- 
terops, Foudia, Collocalia, and Coracopsis, and peculiar forms 
of doves and parroquets. The living reptiles are small and 
few in number, but in the surrounding seas are great num- 
bers of fish; the coral reefs abound with a great variety of 
molluses; and there are numerous Jand-shells. The extinet 
fauna of Mauritius has considerable interest. In common 
with the other Mascarene islands, it was the home of the 
Dodo (Didus ineptus), one of a group of birds incapable of 
flight; there were also Aphanapteryx, a species of rail, and 
a short-winged heron (Ardea megacephala), which probably 
seldom flew. The defenceless condition of these birds has led 
to their extinction since the island was colonized. Several 
species of large fossil tortoises have been discovered ; but, 
strange to say, they are quite different from the living ones 
of Aldabra, in the same zoological region. 

Owing to the extensive destruction of the primeval forests 
of the island for the formation of sugar plantations, the in- 
digenous flora of Mauritius is only seen in parts of the in- 
terior plains, in the river valleys, and on the hills; and it 
is somuch mingled with trees and plants introduced from 
other parts of the world that it is not very easy to distin- 
guish between what is native and what has come from 
abroad. ‘The principal timber tree is the ebony (Diospyres 
ebeneum), which grows to a considerable size. Besides this 
there are bois de cannelle, olive-tree, benzoin (Croton Ben- 
zoe), colophane (Colophonia), and iron-wood, all of which are 
useful in carpentry; the cocoa-nut palm, an importation, 
but a tree which has been so extensively planted during 
the last hundred years that it is extremely plentiful; the 
palmiste (Palma dactylifera latifolia), the latanier (Corypha 
umbraculifera), and the date-palm. The vacoa or vacois, a 
species of Pandanus, is largely grown, the long tough leaves 
being manufactured into bags for the export of sugar, and 
the roots being also made of use; and in the few remnants 
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of the original forests the tree which is such a prominent 
one in the coast flora of Madagascar, the travellers’ tree 
(Urania speciosa), grows abundantly. A species of bamboo 
is very plentiful in the river valleys and in marshy situa- 
tions. A large variety of fruit is produced, including the 
tamarind, mango, banana, pine-apple, guava, shaddock, fig, 
avocado-pear, litchi, custard-apple, and the mabolo (Diospy- 
ros discolor), a fruit of exquisite flavor, but very disagreeable 
odor. Many of the roots and vegetables of Europe have 
been introduced, as well as some of those peculiar to the 

’ tropics, including maize, millet, yams, manioc, dhol, gram, 
etc. Small quantities of tea, rice, and sago have been 
grown, as well as many of the spices (cloves, nutmeg, ginger, 
pepper, and allspice), and also cotton, indigo, betel, camphor, 
turmeric, and vanilla. 

Mauritius appears to have been unknown to European 
nations, if not to all other peoples, until the year 1507, when 
it was discovered by the Portuguese. It had then no in- 
habitants, and there seem to be no traces of its previous 
occupation by any people, either savage or civilized. The 
island was retained for most of the 16th century by its dis- 
coverers, but they made no colonies in if. In 1598 the 
Dutch took possession, and named the island ‘‘ Mauritius,” 
in honor of their prince Maurice. It had been previously 
called by the Portuguese “ ha do Cerné,” from the belief 
that it was the island so named by Pliny. But, although 
the Dutch built a fort at Grand Port, they made no perma- 
nent settlement in Mauritius, finally abandoning the island 
in 1710. Five years afterwards the French, in their turn, 
took possession of what had seemed so worthless to two 
European powers, but it was half a century before the Gov- 
ernment of France appreciated the value of their colony, 
since from 1715 to 1767 it was held by agents of the French 
East India Company, by whom its name was again changed 
to “Tle de France.” The company was fortunate in having 
several able men as governors of its colony, especially the 
celebrated Mahé de Labourdonnais (1735-46), ‘‘a man of 
eminent talents and virtue,” who introduced the culture of 
the sugar-cane, and thus laid a firm foundation for the 
future prosperity of the island. Under his direction roads 
were made, forts built, and considerable portions of the 
forest were cleared, and the present capital, Port Louis, was 
founded. Labourdonnais also promoted the planting of 
cotton and indigo, and is justly remembered as the most 
enlightened and best of all the French governors. The 
colony continued to rise in value during the time it was 
held by the French crown, and to one of the late governors, 
De Poivre, was due the introduction of the clove, nutmeg, 
and other spices. Another governor was D’Entrecasteaux, 
whose name is kept in remembrance by a group of islands 
east of New Guinea. 

During the long war between France and England, at 
the commencement of this century, Mauritius was a con- 
tinual source of much mischief to English Indiamen and 
other merchant vessels; and at length the British Govern- 
ment determined upon an expedition for its capture. This 
was effected in 1810; and upon the restoration of peace in 
1814 the possession of the island was confirmed to England 
by one of the provisions of the treaty of Paris. By the 
eighth article of capitulation it was agreed that the inhabi- 
tants should retain their own laws, customs, and religion ; 
and so it happens that, although a British colony, the island 
is still largely French in language, habits, and predilec- 
tions; but its name has again been changed to that given by 
the Dutch. Perhaps the most distinguished of the English 
governors of the island was Sir Robert Farquhar (1810-23), 
who did so much to abolish the Malagasy slave trade and 
to establish friendly relations with the rising power of the 
Hova sovereign of Madagascar. 

Mauritius is one of the crown colonies of Great Britain, 
and at the head of its administration is a governor, who is 
assisted by an executive council of seven members, holding 
the most important Government posts. There is also a 
legislative council, which consists of the same members as 
the foregoing, with three others, together with eight of the 
chief landed proprietors of the island, who are nominated 
by the crown. The average annual revenue of the colony 
for the ten years from 1871 to 1880 was £723,876, the average 
annual expenditure during the same period being £710,261. 
Up to 1854 there was a surplus in hand, but since that time 
expenditure has exceeded income, and the public debt is 
now about £700,000. 

The island has largely retained the old French laws, the 
Codes Civile, de Procedure, du Commerce, and d@’Instruction 
Criminelle being still in force, except so far as altered by 
the later laws for the administration of justice of April 13, 
1831. By these the court of appeal was reconstituted, and 
asupreme court of civil and criminal justice was estab- 
lished, under a chief judge and three puisne judges, The 
police force in 1880 included 689 men. 
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During the last few years great improvements have been 
effected in the educational system of the colony. The de- 
partment of public instruction has two branches, the Royal 
College, for higher education, and the school department, 
for primary instruction. In 1880 the number of Goyern- 
ment schools was 38, with 5077 scholars, and of schools aided 
by grants 54, with 4316 scholars, the total teaching staff 
numbering 178. The annual education vote is about £18,- 
000 ; and of the scholars 73 per cent. are Roman Catholic, 14 
per cent. Hindu, 8 per cent. Protestant, and 5 per cent. Mo- 
hammedan. It will be seen from the above figures that the 
Roman Catholic religion is that professed by the large ma- 
jority of the white population of Mauritius. The clergy 
supported by the state include the Protestant bishop of 
Mauritius, with an archdeacon and seven clergymen of the 
Church of England, and three clergymen of the Chureh of 
Scotland; and the Roman Catholic bishop of Port Louis, 
with a vicar-general and thirty-four priests. 

The population of the island is a very varied one, and 
consists of two great divisions :—those of European blood, 
chiefly French and English, as well as numerous half-caste 
people; and a large colored population, chiefly Hindu 
coolies, but with representatives from various African and 
Asiatic regions, Negroes, Malagasy, Parsees, Singhalese, 
Chinamen, Malays, etc. The Hindu immigrants now form 
more than two-thirds of the inhabitants of Mauritius, as 
will be seen from the following figures for the year 1881 :— 


General........ 111,783 Indian........249,064 Total....s04s 360,847 
- Male. Female, Male. Female. Male. Female. 
58,1387 68,646 151,423 97,641 —- 209,560 151,287 


The increase of population during the last thirty years 
is shown by the following figures :— 


1851. 1861. 1871. 1881. 
183,506 813,469 317,069 360,847 


The system of coolie immigration has been of great value to 
the colony; and the arrangements for shipping these Hindu 
people are under Government control. But many of the 
laws have been so unjust to the colored people, and somuch 
to the advantage of the planters, that gross evils and abuses 
have arisen. And, unjust as the laws are, their adminis- 
tration has often been still more unfair. The evil grew at 
length so glaring that in 1871 a royal commission was 
appointed, which sat for a long time investigating the sub- 
ject. Various reforms were recommended, and since then 
some improvements have been effected. But many of the 
creole planters are not remarkable for their respect for the 
rights of colored people, and the system is liable to gross 
abuse unless under vigilant control by higher authority. 
Much yet remains to be done for the moral and religious 
instruction of the laborers; and the presence of a large 
heathen population, and the prevalence of crime, has been 
at times a very serious consideration for the colony. The 
number of coolies arriving in and leaving the island varies 
very largely, from a few hundreds annualiy to several 
thousands, 

The dependencies of Mauritius are the Seychelles group, 
the islands of Rodriguez and Diego Gircia, the Chagos 
group, and seventy other smaller islands scattered over a 
large extent of the Indian Ocean, and having a total popu- 
lation of about 16,000 souls. Rodriguez is situated 300 miles 
east of Mauritius, and is cultivated chiefly by colonists 
from that island. 

Literature.—The following works supply fuller details than can 
be given in this article :—Ch. Grant, History of Mauritius, or the 
Isle of France and Neighboring Islands, 1801; J. Milbert, Voyage pit- 
toresque aU fle-de-France, ete., 4 vols., 1812; Aug. Billiard, Voyage 
aua Colonies orientales, 1822; D'Unienville, Statistique de ile Mau- 
rice, etc., 1888; J. Backhouse, Narrative of a Visit to the Mauritius 
and South Africa, 1844; P, Beaton, Creoles and Coolies, or Five Years 
in Mauritius, 1859; Paul Chasteau, Histoire et Description de Vile 
Maurice, 1860; F. P. Flemyng, Mawritius, or the Isle af France, 1862; 
James Morris, ‘‘ Mauritius, its Commercial and Social Bearings,’ 
Soe. Arts Jour,, 1862; A. Erny, ‘Séjour 4 Vile Maurice,” in vol. yii, 
of Tour du Monde, 1863; Ch. J. Boyle, Far Away, or Sketches of 
Scenery and Society in Mauritius, 1867; L. Simonin, Les Pays loin- 
iains, Notes de Voyage (Maurice, etc.), 1867; N. Pike, Sub-Tropicul 
Rambles in the Land of the Aphanapteryx, 1873; A. R. Wallace 
“The Mascarene Islands,” in chap. xi. vol. i. of The Geogra ical 
Distribution of Animals, 1876; K. Mobius, F. Richter, and ie von 
Martens, Beiirdige zur Meeresfauna der Insel Mauritius und der Sey- 
chellen, Berlin, 1880; G. Clark, A Brief Notice of the Fauna of Mau- 
ritius, 1881, J.S., dr.) 


MAURUS, Sr., according to the Roman Breviary 
(January 15), wasa Roman of noble birth, and while 
still a child was placed by his father Eutychius under 
the discipline of St. Benedict, where he soon became a 
model of all the virtues and endowed with the gift of 
miracles. Sent by his master into Gaul, he founded a 
monastery over which he presided for not years. 
When he died in 565 he was over seventy. ‘The mon- 
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astery referred to is that of Glanfeuil or St. Maur-sur- 
Loire. In point of fact it may be said that everything 
relating to the introduction of the Benedictine order 
into France, unless the name of him who introduced it 
be made an exception, is purely legendary. The 
famous ‘‘ Congregation of St. Maur’’ dates from the 
17th century, having received papal sanction in 1621 
and 1627; it arose out of an earlier ‘‘ congregation ’’ of 
reformed Benedictines, which took its name from St. 
i near Verdun, and was sanctioned by Clement 


MAURY, J©an Srrrrein (1746-1817), cardinal and 
archbishop of Paris, the great opponent of Mirabeau 
in the constituent assembly, and esteemed his rival in 
eloquence, was the son of a poor cobbler, and was born 
at Valréas in the Venaissin, the district in France 
which belonged to the pope. His quickness was soon 
observed by the priests of Avignon, where he was 
educated and took orders, and he determined to get 
what he could by it. He tried his fortune by writing 
éloges of famous persons, then a favorite practice ; and 
in 1771 his éloge on Fénelon was pronounced next best 
to Laharpe’s by the Academy. ‘The real foundation 
of his fortunes was the success of a sermon he preached 
on St. Louis before the Academy in 1772, which 
caused him to be recommended to- the king for an ab- 
baey on the spot. In 1772 he published his Assai sur 
UV éloquence de la chaire, which, as well as his Prineipes 
d éloquence, contains much good criticism, and remains 
a French classic. He became a favorite preacher in 
Paris, and was Lent preacher at court in 1781, when 
King Louis XVI. said of his sermon, ‘‘If the abbé 
had only said a few words on religion he would have 
discussed every possible subject.’’ In 1781 he obtained 
the rich abbey of Lions, worth 20,000 livres a year, 
and in 1785 he was elected to the Academy. His 
morals were as loose as those of his great rival Mira- 
beau, but he was famed in Paris for his wit and gaiety 
as well as for his eloquence and his immorality. In 
1789 he was elected a member of the states-general by 
the clergy of Péronne, and from the first proved to be 
the most able and persevering defender of the ancien 
régime. It is said that he attempted to emigrate both 
in July and in October, 1789; but, whether he did or 
not, he after that time held firmly to his place, when 
almost universally deserted by his friends. His life 
was often in danger among the people, but his ready 
wit always saved it, and it was said that one bon mot 
would preserve him for a month. At last, in 1792, he 
found it necessary to fly from Paris; the Revolution 
had gone too far. "When he did emigrate he found 
himself regarded asa kind of martyr to the church 
and the king, and was at once named cardinal, arch- 
bishop tn partibus, and extra nuncio to the diet at 
Frankfort. He was finally made bishop of Montefias- 
cone, and settled down in that little leslie town,—but 
not for long, for in 1796 the French drove him from 
his retreat, and he became ambassador, but with hardly 
any pay, of the exiled king Louis X VIII. to the pope. 
Such a life soon wearied a man who had been accus- 
tomed to wealth and reputation, and in 1804 he began 
to prepare his return to France by a well-turned letter 
to Q apoleon, congratulating him on restoring religion 
to France once more. In 1806 he did return; in 1807 
he was again received into the Academy; and in 1810, 
on the refusal of Cardinal Fesch, was made archbishop 
of Paris. On the restoration of the Bourbons he was 
summarily turned out of the Academy, and sent to 
Rome to answer for his disobedience to the pope. 
There he was imprisoned in the castle of St. Angelo 
for six months, and died in 1817, a year or two after 
his release, of disease contracted in prison, and of cha- 
grin. 


There are two sides to Maury’s character to be discussed. 
As a critic he was avery able writer, and Sainte-Beuve 
gives him the credit of discovering Bridaine, and giving 
Bossuet his rightful place asa preacher above Massillon; 
as a politician, his wit and eloquence make him a worthy 
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rival of Mirabeau, and an interesting character in the early 
years of the Revolution. If in later years he forsook his 
old tenets, and joined Napoleon, his punishmeut was 
terribly severe, and it would have been a graceful act if 
Louis XVIII. had remembered the courageous supporter 
of Louis XVI., and the pope the one intrepid defender 
of the church in the states-general. 

The Quvres choisis du Cardinal Maury .(5 vols., 1842) contain 
what is worth preserving. For his life and character see Vie du 
Cardinal Maury par son neveu, 1827; Poujoulat, Cardinal Maury, 
sa vie et ses @uvres, 1855; Sainte-Beuve, Causertes du Lundi, vol. 
ly. 

MAURY, Marrazw Fontaine (1806-1873), 
American naval officer and hydrographer, was born in 
Spottsylvania county, Virginia, January 14, 1806, In 
1825 he entered the American navy as midshipman, 
circumnavigating the globe in the ‘‘ Vincennes,”’ dur- 
ing a cruise of four years. In 1836 he was made lieu- 
tenant, and gazetted astronomer to an exploring expe- 
dition. In 1839 he met with an accident which re- 
sulted in permanent lameness, and unfitted him for 
active service. Maury was placed in charge of the 
Depét of Charts and Instruments, out of which have 
grown the United States Naval Observatory and Hy- 
drographie Office. He labored assiduously and with 
complete success to place the dep6t in a state of effi- 
ciency. While in the ‘‘ Vincennes,’’ and in subsequent 
cruises, Maury made many observations as to the 
winds and currents, and when in charge of the Hy- 
drographic Office he set himself to collect further 
data by distributing to captains of vessels specially 
prepared log-books. So successful was he m this 
enterprise that in the course of nine years he had 
collected a sufficient number of logs to make two hun- 
dred manuscript volumes, each with about two thous- 
and five hundred days’ observations. One result 


was to show the necessity for combined action 
on the part of maritime nations in regard to 
ocean meteorology. This led to an international 


conference at Brussels in 1853, which produced 
the greatest benefit to navigation as well as indi- 
rectly to meteorology. One result was the establish- 
ment of the meteorological department of the English 
Board of Trade, now known as the Meteorological Of 
fice, which adopted Maury’s model log-books. In 
1853 he published his Letters on the Amuzon and At- 
lantic Slopes of South America, and in 1855 he was 
promoted to the rank of commander. On the outbreak 
of the American civil war in 1861, Maury threw in his 
lot with the South, and, having lost nearly his all, re- 
tired to England, where he was presented with a hand- 
some testimonial raised by public subscription. After- 
wards he became imperial commissioner of emigration 
to Maximilian of Mexico, on whose death he took up 
his residence in Virginia, where he died on February 
1, 1873. 


In 1848 Maury published a Treatise on Navigation, which 
was long used as a text-book in the United States navy. 
The work, however, by which he is best known is his 
Physical Geography of the Sea, the first edition of which was 
published in London in 1855, and in New York in 1856; it 
was translated into several European languages. The 
theories which it contains are now generally admitted to 
be quite erroneous. Maury’s reputation rests on the emi- 
nent services he rendered to navigation and meteorology, 
he having been the first to show how the latter could be 
raised to the certainty of a science. He was essentially a 
practical man; his great aim was to render navigation 
more secure and economical, and in this he was eminently 
successful. Other works published by Maury are the 
papers contributed by him to the Astronomical Observations 
of the United States Observatory, Letters concerning Lines 
for Steamers crossing the Atlantic (1854) Physical Geography 
(1864), and Manual of Geography (1871). In 1859 he began 
the publication of a series of nautical monographs. 


MAUSOLUS, or according to his coins Manssvlus 
(Matoowroc), a king of Caria, whose reign probably 
began in 377 and terminated with his death in 353 
B.c. The part he took in the revolt against Arta- 
xerxes Mnemon, his conquest of Lydia, Ionia, and 
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several of the Greek islands aléng the coast, his co- 
operation with the Rhodians and their allies in the 
war against Athens and the removal of his capital 
from Mylasa, the ancient seat of the Carian kings, to 
the city of Halicarnassus are the leading facts of his 
history. He is best known, however, from the tomb 
erected for him by his widow Artemisia with such 
cultured magnificence that the name of mausoleum has 
become the generic title of all similar monuments. 
One of the most curious of the inscriptions discovered 
at’ Mylasa details the punishment of certain conspi- 
rators who had attempted the life of Mausolus when he 
was attending a festival in atemple at Labranda. See 
HALICARNASSUS. 

MAXENTIUS, Marcus Avretius VALERIUS, 
Roman emperor from 306 to 312, was the son of Maxi- 
mianus Herculius, and the son-in-law of Galerius, but 
on account of his vices and incapacity was left out of 
account in the division of the empire which took place 
in 305. A variety of causes, however, had produced 
strong dissatisfaction at Rome with many of the ar- 
rangements established by Diocletian, and the public 
discontent on October 28, 306, found expression in the 
massacre of those magistrates who maintained their 
loyalty to Severus and in the election of Maxentius to 
the imperial dignity,—an election in which the rest of 
Italy, as well as Africa, concurred. With the help of 
his father, Maxentius was enabled to put Severus to 
death and to repel the invasion of Galerius; his next 
steps were first to banish Maximian, and then, after 
achieving a military success in Africa against one 
Alexander, to declare war against Constantine for the 
conduct towards the old emperor of which he in turn 
had been guilty at Marseilles. The contest resulted 
in the defeat of Maxentius at Saxa Rubra, and his 
death by drowning in the Tiber at the Milyian Bridge 
on October 28, 312. (See ConsrantinE.) The gene- 
ral testimony to the worthlessness and brutality of 
his character is unambiguous and unanimous; less 
apparent are the grounds for the particular statement 
of Gibbon that he was ‘‘just, humane, and eyen par- 
tial towards the afflicted Christians.” 

MAXIMA AND MINIMA. The consideration of 
the greatest or the least value of a variable quantity, 
that is restricted by certain conditions, is a problem 
of which several simple cases were investigated by the 
early Greek geometers. Thus in Euclid iii. 7, 8 we 
find the determination of the greatest and least right 
lines that can be drawn from a point to the circum- 
ference of a circle. But the most characteristic prob- 
lem of the kind in Euclid is that contained in vi. 27, 
28, 29. Thus prop. 27, when reduced to its simplest 
form, is equivalent to the statement that if a right 
line be bisected the rectangle under the segments is 
greater than that under those made by any other point 
of division. Props. 29 and 30 are, when considered 
algebraically, reducible to the solution of the equations 
ala—x) =b? and a(a-+xr) = L*, coupled with the de- 
termination of the maximum value of } for which the 
solution of the former is possible (see Matthiessen, 
Grundziige der antiken und modernen Algebra, Liep- 
sic, 1878). Apollonius extended the investigation of 
Kuelid, bk. iii., to the problem of the greatest and 
least distances of a point from an ellipse, showing that 
it depended on drawing normals from the point to the 
curve; and he reduced the latter problem to finding 
the points of intersection of the ellipse with a certain 
hyperbola. 

The next remarkable problems on maxima and 
minima are said to have been investigated by Zeno- 
dorus,' and were preserved by Pappus and Theon of 
Alexandria. Of these we may mention the following : 
—(1) among regular polygons of equal perimeter that 


1 Montucla (Hist, de Math., tom. i. p. 113) erroneously attrib- 
uted these theorems on isoperimetry to Pythagoras, but_his 
statement is based on a misinterpretation of a passage in Dio- 
genes Laertius. See Bretschneider, Die Geometrie vor Euklides, 
pp. 89, 90. 
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of the greatest number of sides contains the greatest 
area; (2) of polygons of the same perimeter and the 
same number of sides the regular polygon contains the 
greatest area; (3) the circle contains a greater area 
than any other curve or polygon of the same perime- 
ter; (4) the sphere contains the greatest volume for a 
given superficial area. 

In the progress of mathematics the terms maxima 
and minima have come to be used to imply, not the 
absolutely greatest and least values of a variable mag- 
nitude, but the value which it has at the moment it 
ceases to increase and begins to decrease, or vice versa. 
For example, if it be. said that the height of the 
barometer is a maximum at any instant it means that 
up to that time the barometer was rising and then 
began to fall. In this way it is possible that there 
should be several maxima and minima in the course 
of one day, and that one of the minima should be 
greater than one of the maxima. 

The theory of maxima and minima, in the differen- 
tial calculus point of view, is very simple. ‘Thus, if « 
be a given function of a variable ~, the values of a for 
which w has a maximum or a minimum value are, in 
general, determined by the equation au =0. Again, ifu 
be a function of two-variables # and y, then the maxi- 


mum or minimum values of w must satisfy the equatious 
du du 


da =( and cates 0. There is, however, no real 
4 oct Coxe FS Bur? s. 
maximum or minimum solution if ( ae is greater 
au d - a 
than aa oa A short account of this method, illus- 


trated by examples, is given in vol. xiii. pp. 25, 26. 

John Bernoulli’s problem (Acta Lruditorum, June 
1696) of the ‘‘ brachystochrone,”’ 7.e., of the curve of 
quickest descent under the action of gravity, differed 
essentially from all problems on maxima and minima 
which had been previously solved. In this he intro- 
duced into mathematics the conception of a new and 
most important class of problems. James Bernoulli, 
also, in his solution of this problem of his brother, pro- 
posed a more general question, which may be stated as 
tollows :—“‘ Of all curves of the same length described 
on a given base to determine one such that the area of 
a second curve, each of whose ordinates is a given 
function of the corresponding ordinate, or are, of the 
first, may be a maximum, or a minimum,’ Such 
problems were styled “‘ isoperimetrical,’? and come 
under a class now called relative maxima and minima, 
in which the maximum or minimum curve is to be de- 
termined, not from all possible curves, but from among 
those which possess a given property. The investiga- 
tions of the Bernoullis were extended and generalized 
by other eminent mathematicians, but more especially 
by Euler, and culminated in the invention of the eal- 
culus of variations, with an appropriate notation, by 
Lagrange. 

MAXIMIANUS, Marcus Avretivus VALERIUS, 
surnamed Hercunrus, Roman emperor from 286 to 
305, and again in a doubtful manner for some time 
prior to 308, was by birth a Pannonian peasant, but 
achieved great distinction in the course of long service 
in the army in almost every quarter of the empire, and, 
having been made Ceesar by Diocletian in 285, received 
the title of Augustus in the following year (April 1, 
286) with the honorary appellation of Hereulius. In 
287 he suppressed the rising of the peasants (Bagaudee) 
in Gaul, i in 289, after a three years’ struggle, his 
colleague and he were compelled to acquiesce in the 
assumption by his lieutenant Carausius of the title 
of Augustus in Britain. After 292, Maximian left the 
care of the Rhine frontier to Constantius Chlorus, who 
had been designated Caesar in that year, but in 297 his 
arms achieved a rapid and decisive victory over the 
barbarians of Mauretania, and in November 303 he 
shared at Rome the triumph of Diocletian, the last 
pageant of the kind ever witnessed by that city. On 
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May 1, 305, the day of Diocletian's abdication, he also, 
but without his colleague’s sincerity, divested himself’ 
of the imperial dignity at Milan, which had been his 
capital, and retired to a villain Lucania; in the follow- 
ing year, however, he was induced by his son Maxen- 
tius to reassume the purple. In 307 he brought the 
emperor Severus a captive to Rome, and also compelled 
the retreat of Galerius, but in 308 he was himself driven 
by Maxentius from Italy into Illyricum, whence again 
he was compelled to seek refuge at Arles, the court of 
his son-in-law Constantine. fifers a false report was 
received, or invented, of the death of Constantine, at 
that time absent on the Rhine, and Maximian at once 
grasped at the succession, but was soon driven to Mar- 
seilles, where, having been delivered up to his pur- 
suers, he strangled himself in 310 (February). 
MAXIMIANUS, Gatertus VALERIUS, usually re- 
ferred to by hisname GALERIUS, Roman emperor from 
305 to 311, was born near Sardica in Dacia, and origi- 
nally followed his father’s occupation, that of a herds- 
man, whence his surname of Armentarius. He served 
with distinetion as a soldier under Aurelian and Pro- 
bus, and in 292 was designated Cesar along with Con- 
stantins, receiving in marriage Diocletian’s daughter 
Valeria, and at the same time having assigned to him 
as his special charge the care of the Illyrian provinces. 
In 296, at the beginning of the Persian war, he was 
removed from the Danube to the Euphrates; his first 


campaign ended in a crushing defeat on the same field | 


as that which had proved fatal to Crassus, but in 297, 
advancing through the mountains of Armenia, and 
taking the enemy by surprise, he gained a victory over 
Narses,_ by which his military reputation was more 
than restored. In 305, on the abdication of Diocletian 
and Maximian, he at once assumed the title of Au- 
gustus, along with Constantius his former colleague, 
and, having procured the promotion to the rank of 
Ceesar of Severus, a faithful servant, and Daza (Max- 
iminus), his nephew, he hoped on the death of Con- 
stantius to become sole master of the Roman world. 
This scheme, however, was defeated by the sudden 
elevation of Constantine at York on the death of his 
father, and by the action of Maximian and Maxentius 
in Italy. After an unsuccessful invasion of Italy in 
307, he elevated his friend Licinius to the rank of Au- 
gustus, and, moderating his ambition, devoted the few 
remaining years of his life ‘* to the enjoyment of pleas- 
ure and to the execution of some works of public util- 
.’ Hedied—of the morbus pedicularis, it is said— 
in May 311. It was at the instance of Galerius that 
the first of the celebrated edicts of persecution against 
the Christians was published, on February 24, 303, and 
this policy of repression was maintained by him until 
the appearance of the general edict of toleration, run- 
ning in his own name and in those of Licinius and 
Constantine. 

MAXIMILIAN I. (1459-1519), holy Roman em- 
peror, the son of the emperor Frederick ILL., was born 
on the 22d of March, 1459. In 1477 he married Mary, 
daughter of Charles the Bold of Burgundy, thus se- 
curing for his family the possessions of the house of 
Burgundy ; and by the marriage of his son Philip with 
the infanta Joanna in 1496 he prepared the way for 
the association of Spain with the empire under his 

randson, Charles V. In 1486 Maximilian was chosen 

ing of the Romans, and in 1493, after the death of 
his father, he succeeded to the imperial throne. During 
the reign of Trederick III. the system of private war 
created profound discontent, and there were urgent 
- demands for the reform of imperial institutions. Max- 
imilian was never thoroughly in sympathy with this 
movement, but at his first diet, in 1495, he declared a 
perpetual public peace; and he did something for the 
restoration of order by the establishment, in the same 
year, of the imperial chamber ( Reichskammergericht), 
and, in 1501, of the imperial Aulic council (Jeeichshof- 
rath). Another important change was the division 
of Germany into six, afterwards (in 1512) into ten, 
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circles (Kreise ), over each of which was placed a cap- 
tain with a force for the punishment of disturbers of 
the peace. Standing troops, called Landsknechte, 
were for the first time organized by Maximilian, who 
also improved the artillery then in use, and issued good 
police regulations. He encouraged science, art, and 
literature, deyoted much attention to the universities, 
especially those of Vienna and Ingolstadt, collected 
medizeval poems, and caused copies to be made of’ an- 
cient chronicles and other important_manuscripts. 
Through the influence of his second wife, Bianca Sforza, 
daughter of Duke Galeazzo Sforza of Milan, he was 
induced to contend for supremacy in Milan and Na- 
ples; but his resources were inadequate for war on 
equal terms with the kings of France, Charles VIIL. 
and Louis XII. In 1499 he carried on an unsuccessful 
war with the Swiss confederates, the result of whicb 
was that, by the peace of Basel, the confederates be- 
came practically independent of the empire. On the 
other hand, he was singularly fortunate in increasing 
the power of the house of Austria. By the death of 
his cousin, the archduke Sigismund, he inherited Ty- 
rol; he also received Gérz, Gradisea, the Pusterthal, 
and a part of Bavaria; and by the marriage of two of 
his grandchildren with children of the king of Hun- 
gary and Bohemia he took the first step towards the 
ultimate incorporation of these countries with the Aus- 
trian hereditary territories. He wrote several books, 
and planned the ‘‘ Weiss-Kunig,’’ a kind of poetical 
autobiography, completed by his private secretary, 
Treizsaurwein yon Krentreiz. Maximilian had some 
part also in the preparation of Vheuerdank, an alle- 
gory setting forth adventures in connection with his 
marriage with Mary of Burgundy. At Wels, in Upper 
Austria, on the 12th of January 1519, he died. 


See Kltipfel, Kaiser Maximilian I., 1864. 
MAXIMILIAN IT. (1527-1576), holy Roman em- 


yéror, son and successor of Ferdinand I., was born at 

ienna on the Ist of August, 1527. He was of a mild 
and tolerant disposition, and in youth received a fa- 
vorable impression of Protestantism from his tutor, 
Wolfgang Severus,—an impression which was not 
effaced by a residence of three years at the Spanish 
court. In 1562 he became king of Bohemia and king 
of the Romans, in 1563 king of Hungary, and in 1564 
emperor. At the time of his accession to the imperial 
throne Hungary was at war with Turkey. The sultan 
Soliman II. was conciliated by the cession of all the 
territories he had conquered in Hungary, and by the 
promise of a yearly tribute of 300,000 florins. Soon 
afterwards Soliman renewed the war on behalf of the 
prince of Transylvania; but after his death in 1566 
his saecessor, Selim, concluded with Maximilian an 
armistice of eight years. Maximilian’s brothers, Fer- 
dinand and Charles, fought incessantly against Pro- 
testantism in their respective lands; but it was tol- 
erated by Maximilian in Austria, Bohemia, and Hun- 
gary. His authority, however, was greatly limited by 
the influence of the Jesuits. He died on the 12th of 
October, 1576. Of his eight children (six sons and 
two daughters) two—Rudolph I. and Matthias—be- 
came emperors. 

See Koch, Quellen zur Geschichte des Kaisers Maximilian 
IT., 1857-61; and Wertheimer, Zur Geschichte des Tiirken- 
kriegs Maximilians II, 1875. 


MAXIMILIAN (1832-1867), archduke of Austria 
(Ferdinand Maximilian Joseph) and emperor of Mexi- 
co, was the second son of the archduke [Francis 
Charles, and was born in Vienna on July 6, 1832. He 
was trained for the navy, and ultimately attained a 
high command in that branch of his country’s service. 
In February, 1857, he was appointed governor of the 
Lombardo- Venetian kingdom, and in the same year he 
married the Princess Charlotte, daughter of Leopold 
I., king of the Belgians. On the outbreak of the war 
of 1859, he retired into private life, chiefly at Trieste, 
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until 1863, when at the instanceof Napoleon III. he 
accepted the crown which had been offered to him by 
the notables of Mexico. He landed at Vera Cruz on 


May 28, 1864, but from the commencement of his | 


reign found himself’ involved in difficulties of the most 
serious kind, which in 1866 made apparent to almost 
every one outside of Mexico the necessity for his abdi- 
eating. This, however, he declined to do. 
drawing, in February, 1867, to Querétaro, he there 
sustained a siege for several weeks, but on May 15 re- 
solved to attempt an escape through the enemy’s 
lines. He was, however, arrested before he could 
carry out this resolution, and, after trial by court mar- 
tial, was condemned to death. The sentence was car- 
ried out on June 19, 1867. His remains were con- 
veyed to Vienna, where they were buried in the im- 
perial vault early in the following year. See Mexico. 
Macrinilliauts papers were published in 1867 in seven 
volumes, under the title Aus meinem Leben, [eise- 
skizzen, Aphorismen, ete. 

MAXIMINUS, Carus Junius Verus, Roman em- 
peror from 235 to 238, was of barbarian parentage, his 
father being a Goth and his mother an Alan, and was 
born in a village on the confines of Thrace, where his 


With- | 


immense stature and enormous feats of strength first | 


drew the attention of the emperor Septimius Severus. 
From being a shepherd he became a soldier, and un- 
der Caracalla rose to the rank of centurion. He eare- 
fully absented himself from court during the reign 
of Klagabalus, but rose to the first military command 
under his successor Alexander Severus. On March 
19, 235, the troops saluted him emperor, and shortly 
afterwards Alexander was put to death. The three 
years of his reign, which were spent wholly in the 
camp, were marked by great cruelty and oppression ; 
the widespread discontent thus produced culminated 
in a revolt in Africa and the assumption of the purple 
by GorpIANus (q.v.).  Maximin, who was in Panno- 
nia at the time, marched against Rome, and passing 
over the Julian Alps descended on Aquileia; while 
detained before that city he and his son were mur- 
dered in their tent by a body of praetorians. Their 
heads were cut off and despatched to Rome, where 
they were burnt on the Campus Martius by the exul- 
tant crowd (May, 238). 

MAXIMINUS, Gaterius VALERIUS, Roman em- 
eror from 308 to 314, was originally an Illyrian shep- 
nerd, and bore the name of Daza. His mother was a 
sister of him who afterwards became the emperor Gal- 
erius. He rose to high distinction after he had joined 
the army, and in 305 he was raised by his uncle to the 
rank of Czesar, with the honorary appellation of Jo- 
vius, Syria and Hgypt being the government assigned 
to him. In 308, after the elevation of Licinius, he in- 
sisted on receiving the title of Augustus; on the death 
of Galerius in 311 he succeeded to the supreme com- 
mand of the provinces of Asia, and, when Licinius 
and Constantine began to make common cause with 
one another, Maximin entered into a secret alliance 
with Maxentius. He came to an open rupture with 
Licinius in 313, sustained a crushing defeat in the 
neighborhood of Heraclea on April 30th, and, havin 
fled with extraordinary celerity first to Nicomedia aie 
afterwards to Tarsus, perished at the latter city in 
August following. His death was variously ascribed 
‘‘to despair, to poison, and to the Divine justice.”’ 
Maximin, in every respect a worthless character, has 
a bad eminence in the annals of the Christian church 
as having renewed persecution after the publication of 
the toleration edict of Galerius. 

MAXIMUS, the name of four Roman emperors. 
In chronological order the first was M. Clodius Pupie- 
nus Maximus, who was associated with Balbinus in 
the imperia! dignity by the senate for a short time in 
238, before and after the death of the hated Maximin. 
The second was Magnus Clemens Maximus, a native 
of Spain, who shared the imperial dignity with Valen- 
tinian and Theodosius from 383 to 388. He had ac- 
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companied Theodosius on several expeditions, and from 
368 held high military rank in Britain. The disaffec- 
tion of the Roman troops towards the emperor Gratian 
found expression in 388 in the proclamation of Maxi- 
mus as emperor,—whether with or without his com- 
plicity in the act is uncertain. Voluntarily or under 
compulsion Maximus forthwith attacked Gratian in 
Gaul, and drove him from Paris to Lyons, where the 
fugitive was murdered. Circumstances made it diffi- 
cult for Theodosius at the time to avenge the death of 
his colleague by war, and an agreement was therefore 
come to by which Maximus was recognized as Augus- 
tus and sole emperor in Gaul, Spain, and Britain, 
while Valentinian was to remain unmolested in Italy 
and Ilyricum, Theodosius retaining his sovereignty 
in the Kast. A prosperous reign of four years having 
tempted Maximus, in 387, to pass the Alps, Valen- 
tinian was speedily put to flight, while the invader 
established himself in Milan, and for the time became 
master of Italy. ‘Theodosius now took vigorous mea- 
sures: advancing a powerful army by land, he utterly 
defeated the western troops at Siscia (Seiszek) in Pan- 


/nonia, and, passing the Julian Alps with great rapid- 
ity, came upon Maximus, who had fled to Aquileia, 


seized him, and caused him to be beheaded (August, 
388). The third, Maximus Tyrannus, was made em- 
peror in Spain by the Roman general Gerontius, who 
had rebelled against Constantine in 408. After the 
defeat of Gerontius at Arles, and his subsequent death 


|in 411, Maximus renounced the imperial title and was 


permitted by Constantine to retire into private life. 
About 418 he rebelled again, but, failing in his at- 
tempt, was seized, carried into Italy, and was put to 
death at Ravenna in 422. Lastly, Petronius Maximus 
was a member of the higher Roman nobility, and had 
held a large number of public offices, including those 
of preefectus Rome (420) and of praefectus Italiae 
(439-441 and 445). He was one of the intimate as- 
sociates of Valentinian, who received his assistance 
in the palace intrigues which led to the death of 
Aetius in 454; but a brutal outrage committed on the 
wife of Maximus by the emperor turned his friendship. 
into the bitterest hatred. Maximus was proclaimed 
emperor immediately after Valentinian’s murder in 
March, 455, but reigned for less than three months, 
having been murdered by some Burgundian mercena- 
ries as he was flying before the Vandals, who, invited 
by Eudoxia, the widow of Valentinian, had landed at 
the mouth of the Tiber (May or June, 455). 
MAXIMUS, Sr., abbot of Chrysopolis, known as 
‘‘the Confessor’’ from his orthodox zeal in the Mono- 
thelite controversy, or as ‘‘ the monk,’’ was born of — 
noble parentage at Constantinople about the year 580. 
Educated with great care, ke early became distin- 
guished by his talents and acquirements, and some 
time after the accession of the emperor Heraclius 
in 610 was made his private secretary. In 630 
he abandoned the secular life and entered the 
monastery of Chrysopolis (Scutari), actuated, it was 
believed, less by any longing for the life of a recluse 
than by the dissatisfaction he felt with the Monotho- 
lite leanings of his master. ‘The date of his promotion 
to the abbacy is uncertain. In 633 he was one of the 
party of Sophronius at the council of Alexandria; and 
in 645 he was againin Africa, when he held in pres- 
ence of the governor and a number of bishops the dis- 
putation with Pyrrhus, the deposed and banished 
atriarch of Constantinople, which resulted in the 
temporary) conversion of his interlocutor to the Dyo- 
thelite view. In the following year several African 
synods, held under the influence of Maximus, declared 
for orthodoxy. In 649, after the accession of Martin 
I., he went to Rome, and did much to fan the zeal of 
the new pope, who in October of that year held the 
(first) Lateran synod, by which not only the Monothe- 
lite doctrine but also the moderating ecthesis of Hera- 
clius and typus of Constans II. were anathematized. 
About 653 Maximus, for the part he had taken against 
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the latter document especially, was apprehended by 
order of Constans and carried a prisoner to Constanti- 
nople, and in 655, after repeated examinations, in 
which he maintained his theological opinions with 
memorable constancy, was banished to Byzia in Thrace, 
and afterwards to Perberis. In 662 he was again 
brought to Constantinople, and was condemned by a 
- synod there to be scourged, to have his tongue cut 
out by the root, and to have his right hand chopped 
off. After this sentence had been carried out he was 
again banished to Lazica, where he died on August 13, 
662. He is venerated as a saint both in the Greek and 
in the Latin church,—in the former on January and 
on August 12th and 13th, in the latter on August 13th. 
A collection of his works, which are of importance for 
the history of the Monothelite controversy, was undertaken 
by Combefis, who published two volumes in 1675 (S. Maaximi 
Confessoris, Grecorum Theologi eximiique Philosophi Opera), 
but did not live to complete his labors. A list of the more 
important of the writings of Maximus, with biographical 
details, will be found in Smith’s Dictionary of Biography 
and Mythology; an exhaustive ‘‘ Catalogue raisonné,” by 
Wagenmann, occurs in vol. ix. (1881) of the new edition of 
Herzog’s Real-Encyklopidie. The details of the disputation 
with Pyrrhus and of the martyrdom are given very fully 
and clearly in Hefele’s Conc.-gesch., vol. iii. 


MAXWELL, James Ciuerk (1831-1879), was the 
last representative of a younger branch of the well- 
known Scottish family of Clerk of Penicuik. He was 
educated at the Edinburgh Academy (1840-47) and 
the university of Edinburgh (1847-50). Entering at 
Cambridge in 1850, he spent a term or two in Peter- 
house, but afterwards migrated to Trinity. He took 
his degree in 1854 as second wrangler, and was de- 
clared equal with the senior wrangler of his year in the 
higher ordeal of the Smith’s prize examination. He 
] eld the chair of natural philosophy in Marischal Col- 
lege, Aberdeen, from 1856 till the fusion of the two 
colleges there in 1860. For eight years subsequently 
he held the chair of physics and astronomy in King’s 
College, London, but resigned in 1868 and retired to 
his estate of Glenlair in Kirkeudbrightshire. He was 
summoned from his seclusion in 1871 to become the 
first holder of the newly-founded professorship of ex- 

erimental physics in Cambridge; and it was under 
hig direction that the plans of the Cavendish labora- 
tory were prepared. é superintended every step of 
the progress of the building and of the purchase of the 
very valuable collection of apparatus with which it was 
equipped at the expense of its munificent founder the 
duke of Devonshire (chancellor of the university, and 
one of its most distinguished alumni). So far for the 
outline of Maxwell’s career, as regards dates, official 
work, ete. The rest belongs almost exclusively to 
mathematical and physical science, For more than 
half of his brief life he held a prominent position in 
the very foremost rank of natural philosophers. His 
contributions to scientific societies began in his fif- 
teenth year, when Professor J. D. Forbes communi- 
cated to the Royal Society of Hdinburgh a short paper 
of his on a mechanical method of tracing Cartesian 
ovals. In his eighteenth year, while still a student in 
Edinburgh, he contributed two valuable papers to the 
Transactions of the same society—one of which, ‘‘ On 
the Kquilibrium of Hlastic Solids,’’ is remarkable, not 
only on account of its intrinsic power and the youth of 
its author, but also because in it he laid the foundation 
of one of the most singular discoveries of his later life, 
the temporary double refraction produced in viscous 
liquids by shearing stress. Immediately after takin 
his degree, he read to the Cambridge Philosophica 
Society a very novel memoir On the Transformation 
of Surfaces by Bending. This is one of the few 

urely mathematical papers he published, and it ex- 
Tibited at once to experts the full genius of its author. 
About the same time appeared his elaborate memoir 
On Faraday’s Lines of Force, in which he gave the 
first indications of some of those extraordinary electri- 
cal investigations which culminated in the greatest 
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work of his life. He obtained in 1859 the Adams 
prize in Cambridge for a very original and powerful 
essay On the Stability of Saturn’s Rings. From 1855 
to 1872 he published at intervals a series of valuable 
investigations connected with the Perception of Color 
and Color-Blindness. For the earlier of these he re- 
ceived the Rumford medal in 1860. The instruments 
which he devised for these investigations were simple 
and convenient, but could not have been thought of 
for the purpose except by a man whose knowledge was 
co-extensive with his ingenuity. One of his greatest 
investigations bore on the Kinetic Theory of Gases. 
Originating with D. Bernoulli, this theory was ad- 
vanced by the successive labors of Herapath, Joule. 
and particularly of Clausius, to such an extent as to 
put its general accuracy beyond a doubt. By far the 
greatest developments it has received are due to Max- 
well, part of whose mathematical work has recently 
been still further extended in some directions by Bolz- 
mann. In this field Maxwell appears as an experi- 
menter (on the laws of gaseous friction) as well as a 
mathematician. His two latest papers deal with this 
branch of physics; one is an extension and simplifica- 
tion of some of Bolzmann’s chief results, the other 
treats of the kinetic theory as applied to the motion of 
the radiometer. He has written an admirable text- 
book of the Wheory of Heat, which has already (1882) 
gone through several editions, and a very excellent 
elementary treatise on Matter and Motion. Even this, 
like his other and larger works, is full of valuable mat- 
ter, worthy of the most attentive perusal not of stu- 


dents alone but of the very foremost scientific men. 
But the great work of his life was devoted to elec- 
tricity. He began by reading with the most profound 
admiration and attention the whole of Iaraday’s 
extraordinary self-revelations, and proceeded to trans- 
late the ideas of that master into the succinct and 
expressive notation of the mathematicians. A con- 
siderable part of this translation was accomplished dur- 
ing his career as an undergraduate in Cambridge. 
The writer had the opportunity of perusing the MS. 
on Furaday’s Lines of Force, in a form little different 
from the final one, a year before Maxwell took his 
degree. His great object, as it was also the great 
object of Faraday, was to overturn the idea of action 
at a distance. The splendid researches of Poisson and 
Gauss had shown how to reduce all the phenomena 
of statical electricity to mere attractions and repul- 
sions exerted at a distance by particles of an impon- 
derable on one another. Sir W. Thomson had, in 
1846, shown that a totally different assumption, based 
upon other analogies, led (by its own special mathe- 
matical methods) to precisely the same results. He 
treated the resultant electric force at any point as 
analogous to the flux of heat from sources distributed 
in the same manner as the supposed electric particles. 
This paper of Thomson’s, whose ideas Maxwell after- 
wards developed in an extraordinary manner, seems to 
have given the first hint that there are at least two 
perfestly distinct methods of arriving at the known 
formulee of statical electricity. The step to magnetic 
phenomena was comparatively simple; but it was 
otherwise as regards electro-magnetic phenomena, 
where current electricity is essentially involved. An 
exceedingly ingenious, but highly artificial, theory had 
been devised by Weber, which was found capable of 
explaining all the phenomena investigated by Ampére, 
as well as the induction currents of Faraday. But this 
was based upon the assumption of a distance-action 
between electric particles, whose intensity depended on 
their relative motion as well as on their position. 
This was, of course, even more repugnant to Max- 


well’s mind than the statical distance-action developed 
‘by Poisson. The first paper of Maxwell's in which 
‘an attempt at an admissable physical theory of electro- 
‘magnetism was made was communicated to the Royal 
Society in 1867. But the theory, in a fully developed 
form, first appeared in his great treatise on Mlectricity 
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and Magnetism (1873). This ‘work, already in a sec- 
ond edition, is one of the most splendid monuments 
ever raised by the genius of a single individual. 
Availing himself of the admirable generalized co-or- 
dinate system of Lagrange, Maxwell has shown how 
to reduce all electric and magnetic phenomena to 
stresses and motions of a material medium, and, as 
one preliminary, but excessively severe, test of the 
truth of his theory, has shown that (if the electro- 
magnetic medium be that which is required for the 
explanation of the phenomena of light) the velocity 
of light in vacuo should be numerically the same as 
vhe ratio of the electromagnetic and electrostatic units. 
We do notas yet certainly know either of these quanti- 
ties very exactly, but the means of the best determina- 
tions of each separately agree with one another more 
closely than do the various values of either. There 
seems to be no longer any possibility of doubt that 
Maxwell has taken the first grand step towards the 
discovery of the true nature of electrical phenomena. 
Had he done nothing but this, his fame would have 
been secured for all time. But, striking as it is, this 
forms only one small part of the contents of his truly 
marvellous work. 

One of his last great contributions to science was 
his editing (with copious original notes) the K/ectrical 
Leesearches of the Hon. Henry Cavendish, which had 
been altogether unappreciated by the witlings to whom 
they had previously eed confided. It now appears that 
Cavendish, already famous by many other researches 
(such as the mean density of the earth, the composi- 
tion of water, ete.), must be looked on as, in his day, 
a man of Maxwell's own stamp asa theorist, and an 
experimenter of the very first rank. 

This encyclopzedia has been, in its scientific aspects, 
greatly indebted to Clerk Maxwell. The articles 
AtoM, ATTRACTION, CAPILLARITY, DIFFUSION, 
LirnEr, etc., were intended as parts merely of one 
comprehensive system, in which a general résumé of 
all that is known of! the properties of matter should 
be given in simple yet profound completeness. The 
reader of these articles cannot but feel how much has 
been lost when this splendid series cannot be completed 
by its initiator. 

In private life Clerk Maxwell was one of the most 
lovable of men, a sincere and unostentatious Christian. 
Though perfectly free from any trace of envy or ill- 
will, he yet showed on fit occasion his contempt for 
that pseudo-science which seeks for the applause of 
the ignorant by professing to reduce the whole system 
of the universe to a fortuitous sequence of uncaused 
events. 

His collected works will shortly be issued from the 
Pitt press ; and an extended biography, by his former 
school-fellow and lifelong friend, Professor Campbell, 
has just been published (1882). (Pp. @. T.) 

MAXWELL, Sir Wiiiiam Srreiine-, Barr 
(1818-1878), man of letters, the only son of Mr. 
Archibald Stirling of Keir, Perthshire, and of Hliza~ 
beth, second daughter of Sir John Maxwell, seventh 
baronet of Pollok, Renfrewshire, was born at Ken- 
mure, near Glasgow, in 1818. William Stirling was 
educated at Trinity College, Cambridge, where he grad- 
uated in 1839, and afterwards he spent some years on 
the Continent chiefly in France and Spain. Having 
succeeded his father as proprietor of Keir in 1846 
(when he was made vice-lieutenant of Perthshire), he 
in 1852 entered parliament as member for that county ; 
and he was several times re-elected. On the death of 
his uncle in 1865 he succeeded to the baronetey and 
estates of Pollok, in respect of which he assumed the 
additional name of Maxwell. In the same year he 
became deputy-lieutenant of Lanarkshire, and a like 
office was conferred on him in Renfrewshire in 1870. 
The services which his talent, energy, and wealth 
enabled him to render to literature were recognized in 
a great variety of ways by numerous universities; in 
1863 he was chosen lord rector of St. Andrews, in 
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1871 the same honor was conferred by EKdinburgh, and 
in 1875 he became chancellor of Glasgow. _ In the fol- 
lowing year he was created a Knight of the Thistle, 
being the only commoner of the order, He died at 
Venice on January 15, 1878. 

Sir W. Stirling-Maxwell’s works, which are invariably 
characterized by thoroughness of workmanship and refine- 
ment of literary taste, were in some cases issued for pri- 
vate circulation only, and almost all of them are now 
exceedingly rare. They include an early volume of verse 
(Songs of the Holy Land, 1847), and several volumes con- 
taining costly reproductions of old engravings, along with 
valuable explanatory matter. His best-known publica- 
tions are Annals of the Artists of Spain (1848; 2d ed., 1853), 
The Cloister Life of Charles V. (1852; 3d ed., 1853), and 
Velazquez and his Works (1855). A life of Don John of Austria, 
from his posthumous papers, is now (1882) in the press. 


MAY, the fifth month of our modern year, was the 
third of the old Roman calendar. ‘The name is of 
doubtful origin. Ovid (Fust?, v. 483-90) suggests the 
three derivations of majestas, majores (the patres of 
the old Roman city), and J/uia, the mother of Mer- 
cury, to whom the Romans were accustomed to sacri- 
fice on the first day of the month. It was considered 
unlucky among the Romans to contract marriages dur- 
ing this month, on accouut of the celebration of the 
Lemuria,—a superstition of which traces are still to be 
found among ourselves. In the Roman Catholic 
Church May is known as ‘‘ the month of Mary.” 

May-day is the name given to the first day of the 
month in Hngland, when, according to ancient custom, 
all ranks of the people rose at early dawn and went out 
‘*a-Maying’’ to welcome the advent of spring. The 
customs of the day chiefly took their rise with the 
Romans. In the southern counties of England they 
differ materially from those of the northern and west- 
ern. hat of gathering branches of trees and flowers, 
to deck the person, is still observed in many places. 

The May-pole was once general throughout the 
country. ‘The assemblage of the people, sanctioned by 
the presence of the priests, marching on May morning 
in procession to some neighboring wood, returned in 
triumph with the pole, round which were suspended 
flowers, boughs, and other tokens of the spring season. 
On one of these festive occasions, Henry Vi . assem- 
bled his court at Shooter's Hill; and Queen Elizabeth 
also used to keep ‘‘ May Games’’ at Greenwich. The 
May-pole, once fixed, often remained until nearly the 
end of the year; and there were some specially made 
of durable wood, which remained for many years, and 
were from time to time resorted to at other seasons of 
festivity. The last May-pole erected in London, 100 
feet in height, was on the spot where the church in ~ 
the Strand now stands, near Somerset House. Being 
taken down in 1717-18 it was conveyed to Wanstead 
Park in Essex, where it was fixed as part of the sup- 
port of a large telescope set up by Sir Isaac Newton. 
The May Lady, Maulkin, Jack in the Green, and 
Morris Dancing are merely variations in the mode of 
representing the goddess Flora. The chimney sweep- 
ers, who are now the principal performers, are probably 
more interested than any other class in May sports. 
For, as the commencement ‘of summer deprives them 
in a considerable degree of their business occupation, 
they naturally seek to avail themselves of the custom- 
ary liberality of festive meetings. 

The other principal fixed days observed and noted in 
the month are May 9, Half-Quarter-Day, and May 15, 
Whitsunday term,—not to be confounded with Whit 
Sunday, which is a movable feast. 

MAYA. See Mexico. 

MAYBOULH, a burgh of barony and market-town 
of Scotland, in the county of Ayr, 9 miles south of 
Ayr on the railway to Stranraer, is built on the face of 
a hill gently sloping to the south. The characteristic 
features of the place are the old family mansions in the 
main street, the castle of the earls of Cassilis, and the 
old church ruins with the Cassilis burial-place. It has 
recently increased considerably in size, and it is now 
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busy with various manufacturing industries in addition 
to its staple trade of shoemaking. The population 
was 3797 in 1871 and 4474 in 1881. New waterworks 
to supply 60,000 gallons daily were commenced in 1882 ; 
the site of the reservoir, about 3 miles southeast of the 
town, is almost that of the remarkable Lochspouts 
crannog (see Ayr and Wigton Arch. and Hist. Col- 
lections, vol. iii.; and Munro, Ancient Scottish Lake 
Dwellings, 1882). 

A charter was granted to the town by Duncan in 1193; 
and the church was bestowed in 1216 on the Cistercian 
nunnery at North Berwick. In 1516 Maybole became a 
burgh of regality, and in 1639 the seat of the head courts 
of Carrick; but the independence of its local government 
was long contested by the superiors, the earls of Cassilis. 
Cotton weaving was introduced in the 18th century. 

See J. Paterson, History of Ayr and Wigton, vol. ii., 1864. 


MAYENCE. See Marnz. 

MAYENNE, a department of northwestern France, 
three-fourths of which formerly belonged to Lower 
Maine and the remainder to Anjou, lies between 47° 
45’ 10” and 48° 34’ 30’ N. lat. and 0° 2’ KH. and 1° 
14’ W. long., and is bounded on the N. by Manche 
and Orne, on the E. by Sarthe, on the 8. by Maine-et- 
Loire, and on the W. by Ille-et-Vilaine, having a 
maximum length from north to south of 51 miles, a 
breadth of 39 miles, and an area of 1996 square miles. 
Its ancient geological formations connect it with 
Brittany. The surface is agreeably undulated; for- 
ests are numerous, and the beauty of the cultivated 
portions is enhanced by the hedgerows and lines of 
trees by which the firms are divided. The highest 
point of the department, and indeed of the whole 
northwest of France, is the Mont des Avaloirs (1368 
feet). Hydrographically Mayenne belongs to the 
basins of the Loire, the Vilaine, and the Sélune; the 
first-mentioned has the larger part of the entire area. 
The principal stream is the Mayenne, which passes 
successively from north to south through the three 
most important towns—Mayenne, Laval, and Chateau- 
Gontier; by means of weirs and sluices it is navigable 
below Mayenne, but steamers do not ascend past 
Chateau-Gontier. The chief affuents are the Jouanne 
on the left, and on the right the Colmont, the Krnée 
and the Oudon. A small area in the east of the de- 

artment drains by the Erve into the Sarthe; the 

ilaine rises in the west, and in the northwest the 
Sélune flows into the English Channel. The climate 
of Mayenne, which is that of the Sequanian region, is 
generally healthy except in the neighborhood of the 
numerous marshes. ‘lhe temperature is lower and the 
moisture of the atmosphere greater than in the neigh- 
boring departments; the rainfall is above the average 
for France. 


Of the entire area two-thirds are arable, and a twentieth 
is under wood. A large number of horned cattle are 
reared (98,000 oxen, 150,000 cows), and in no other French 
department are so many horses (92,500) found within the 
same area; the breed, that of Craon, is famed for its strength. 
Craon has also given its name to the most prized breed of 
pigs in western France. There are 83,000 pigs in the 
department, 80,000 sheep, and 5000 goats. Mayenne pro- 
duces excellent butter, poultry, and game, and a large 
quantity of honey. The cultivation of the vine is very 
limited, and the most common beverage is cider, of which 
nearly 9,000,000 gallons are annually made. Agriculture 
isin a flourishing condition; in. 1878 were produced up- 
wards of 3} million bushels of wheat, # million of meslin, 
nearly an equal amount of rye, 14 million of barley, 2 
million of oats, and nearly 3 million bushels of potatoes, 
besides a large quantity of flax and hemp. The timber 
grown is chiefly beech, oak, birch, elm, and chestnut. The 
department produces a little iron-ore and manganese; it is 
rich in anthracite and coal, of which, however, the annual 
production has recently decreased from 80,000 tons to 60,000. 
Marble and granite, limestone, slate, and porphyry are 
quarried; the last-named material is capable of a fine 
olish, and is also used for paving the streets of Paris. 
here are several chalybeate springs. The industries in- 
clude iron and brass founding, brick and tile making, 
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woollen thread, and the production of various textile 
fabrics (that of ticking being the specialty of the depart- 
ment), agricultural implement making, wood and marble 
sawing, tanning, dyeing, and the like. The population in 
1881 was 343,167. The arrondissements are those of Laval, 
Chateau-Gontier, and Mayenne. 


MAYENNE, capital of an arrondissement in the 
above department of France, is an old feudal town 
irregularly built on two hillocks which overlook the 
river Mayenne, at the point where the railway from 
Caen to Laval is joined by that from Fougéres to 
Alengon. The old castle still has towards the river 
five towers, one of which has retained its conical roof ; 
the vaulted chambers and chapel are ornamented in 
the style of the 13th century; the building is now used 
as aprison. Thechurch of Notre Dame, dating partly 
from the 12th century, is the only other building of any 
special interest. In the Place de Cheverus is a statue, 
by David of Angers, to the cardinal of that name, who 
was born in Mayenne. The chief industry of the 
place is the cloth manufacture, which occupies 8000 
persons in the town and neighborhood. The popula- 
tion in 1876 was 10,098. 

Mayenne had its origin in the castle built here by Juhel, 
the son of Geoffroy of Maine, in the beginning of the 11th 
century. It was besieged by William the Conqueror, and 
afterwards by the earl of Salisbury; and the possession of 
it was disputed by the Royalists and Leaguers, as also by 
the Republicans and the Vendeans. 


MAYER, JoHANN TosrAs (1723-1762), one of the 
reatest of last century’s astronomers, was born at 
Tarbach in Wiirtemberg, February 17, 1723. He 

was brought up at Esslingen in comparatively poor 
circumstances, and as a mathematician was mainly 
self-taught. He had already published several original 
geometrical tracts when, in 1746, he entered Homann’s 
cartographic establishment at Nuremberg. Here he 
introduced many improvements in map-making, and 
gained a scientific reputation which led (in 1751) to his 
election to the chatr of economy and mathematics in 
the university of Gottingen. In 1754 he became super- 
intendent of the observatory, where he labored with 
great zeal and success till his death, February 20, 1762. 
Lis first important astronomical work was a careful in- 
vestigation of the libration of the moon (Kosmograph- 
tsche Nachrichten, Nuremberg, 1750,) the elements of 
which and the position of the moon’s axis of rotation 
he determined with much greater accuracy than had 
previously been done. His great fame rests on his 
lunar tables, which were published in 1753 along with 
new solar tables, and transmitted to England in 1755. 
These tables, which were compared by Bradley with 
the Greenwich obseryations, and found to be suffi- 
ciently accurate to determine the longitude at sea to 
within half'a degree, solved the problem of practically 
determining longitude anywhere on the earth’s surface. 
An improved set was afterwards published in London 
(1770), as also the theory (Vheorta Lune juata Sys- 
tema Newtonianum, 1767) upon which the tables are 
based. They were sent to England by his widow, who 
in consideration received from the British Government 
a grant of £3000. Appended to the London edition 
of the solar and ]unar tables are two short tracts,—the 
one on determining longitude by lunar distances, 
together with a description of the repeating circle 
(invented by Mayer in 1760), the other on a formula 
for atmospheric refraction, which applies a remarkably 
accurate correction for temperature. 


Mayer left behind him a considerable quantity of manu- 
script, part of which was collected by Lichtenberg and 
published in one volume (Opera Inedita, Gottingen, 1775.) 
It contains, amongst other papers, an easy and accurate 
method for calculating eclipses; an essay on color, in 
which three primary colors are recognized; a catalogue of 
nine hundred and ninety-eight zodiacal stars; and a 
memoir, the earliest of any real value, on the proper 
motion of fixed stars, which was originally communicated 
to the Gdttingen Royal Society in 1760. The other part 


brewing, the manufacture of candles, cotton, linen, and’ still remains in manuscript, and includes papers on atmo- 
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spheric refraction (dated 1775), on the motion of Mars 
as affected by the perturbations of Jupiter and the Earth 
(1756), and on terrestrial magnetism (1760 and 1762). In 
these last Mayer seeks to explain the magnetic action 
of the earth by a simple hypothesis. He supposes a small 
bar-magnet to be placed with its centre at the earth’s 
centre, and calculates the position of equilibrium of a 
second small magnet at any given point on the earth’s 
surface, assuming the law of magnetic attraction and 
repulsion to be that of the inverse square. Though the 
values of the declination and dip calculated according 
to this theory do not agree with the observed values, 
Mayer must be credited with the first really definite 
attempt to establish a mathematical theory of magnetic 
action, and as the first who gave any experimental evi- 
dence in favor of the inverse square of the distance as the 
law of force. See Hansteen’s Magnetismus der Erde. 


MAYER, Junius Ropert (1814-1878), was born 
at Heilbronn, Noy. 25, 1814, studied medicine at 
Tiibingen, Munich, and Paris, and, after a journey to 
Jaya in 1840 as surgeon of a Dutch vessel, obtained a 
medical post in his native town. He claims recognition 
as an independent @ priori propounder of the ‘‘ First 
Law of Thermodynamies,’’ but more especially as 
having early and ably applied that law to the explana- 
tion of many nithepe Ld phenomena, both cosmical 
aud terrestrial. His first little paper on the subject, 
‘‘Bemerkungen itiber die Kriifte der unbelebten 
Natur,’ appeared in 1842 in Liebig’s Annalen, five 
years subsequent to the republication, in the same 
journal, of an extract from the great memoir of MoHr 
(q.v.). Mayer's statements as to the ‘‘indestructi: 
bility of force’’ (as he calls it) were based almost 
entirely upon scholastic dicta, such as causa cequat 
effectum, etc. The main experimental fact which he 
adduces in support of his reasoning as to the converti- 
bility of work and heat is a mere repetition, in a very 
inadequate form, of a curious experiment made by 
Dr. Reade of Cork, who found (Nicholson’s Journal, 
xx., 1808, p. 113) that water was sensibly heated after 
being violently shaken in a phial. But Dr. Reade 
states explicitly the precautions he had taken to pro- 
- tect the phial and its contents from heating by the 
hand of the operator,—an important detail which 
is unnoticed by Mayer. 

It has been repeatedly claimed for Mayer that he caleu- 
lated the value of the dynamical equivalent of heat, 
indirectly no doubt, but in a manner altogether free from 
error, and with a result according almost exactly with 
that obtained by Joule after years of patient labor in 
direct experimenting. Mayer assumed that the heat 
developed by compression of air is the equivalent of the 
work spent in the compression. If we had independent 
proof of this the result would undoubtedly follow.t And it 
has been urged that the man who, by a single burst of 
genius, reached at once the goal which others had been 
painfully seeking, merits an amount of fame commensurate 
with that due to discoverers like Newton and Galileo. 
This claim on Mayer’s behalf was first shown to be baseless 
by Thomson and Tait (‘“ Energy,’ Good Words, 1862). 
This article gave rise to a long but lively discussion. A 
calm and judicial annihilation of the claim is to be found in 
a brief article by Stokes, Proc. Roy. Soc., 1871, p.54. See 
also Maxwell’s Theory of Heat, chap. xiii. Mayer entirely 
ignored the grand fundamental principle laid down by 
Sadi Carnot, a principle which has done even more for 
physics than has the conservation of energy itself, viz., 
that nothing can be concluded as to the relation between 
heat and work from an experiment in which the working 
substance is left at the end of an operation in a different 
physical state from that in which it was at the commence- 
ment. Mayer has also been styled the discoverer of the 
fact that heat consists in (the energy of) motion, a matter 
settled at the very end of the 18th century by Rumford 
and Davy. In the teeth of this statement we have Mayer’s 
own words, ‘We might much rather assume the contrary, 
—that in order to become heat, motion must cease to be 
motion.” 

Mayer’s real merit consists in the fact that, haying for 
himself made out, on inadequate and even questionable 


1 Séguin, three years before, had assumed that the work done 
by steam or any other expanding substance is the equivalent of 
the heat which disappears during the expansion. A similar idea, 
but more accurately expressed, is to be found in Mobr's paper, 
above referred to. ° 
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grounds, the conservation of energy, and haying obtained 
(though by inaccurate reasoning) a numerical result correct 
so far as his data permitted, he applied the principle with 
great power and insight to the explanation of numerous 
physical phenomena. His papers, which have been repub- 
lished in a single volume with the title Die Mechanik der 
Warme (2d ed., Stuttgart, 1874), are of extremely unequal 
merit. But some, especially those on Celestial Dynamics 
and Organic Motion, are admirable examples of what really 
valuable work may be effected by a man of high intel- 
lectual powers, in spite of imperfect information and 
defective logic. 

Different, and, it would appear, exaggerated, estimates 
of Mayer are given in Dr. Tyndall’s papers in the Phil. 
Mag., 1863-64 (whose avowed object was.“ to raise a noble 
and suffering man to the position which his labors entitled 
him to occupy’), and in the extraordinary treatise by 
Diihring, Robert Mayer, der Galilei des neunzehnten Jahrhun- 
derts, Chemnitz, 1880. Some of the simpler facts of the case 
are summarized by Tait in the Phil. Mag., 1864, ii. p. 289. 


MAYHEM (Mat), an old term of the law signify- 
ing an assault whereby the injured person is deprived 
of a member proper for his defence in pits g-) an 
arm, a leg, a fore tooth, ete. The loss of an ear, jaw 
tooth, etc., was not mayhem. ‘The most ancient pun- 
ishment in English law was retaliative—membrum pro 
membro, but ultimately at common law fine and im- 
prisonment. Various statutes were passed aimed at 
the offence of maiming and disfiguring, which is now 
dealt with by section 18 of 24 & 25 Vict. e. 100. 
Mayhem may also be the ground of a civil action, 
which had its peculiarity that the court on sight of the 
wound might increase the damages awarded by the 
jury. 

MAYKOP, a town of the Caucasus, Russia, in the 
Ener of Kuban, on the Byelaya, a tributary of the 
Kuban, 93 miles to the southeast of Yekaterinodar, 
the capital of the province. Formerly it was merely a 
fortified ‘‘stanitsa’’ (village of Cossacks) and the 
centre for military operations against western Caucasus. 
But, owing to its position in a very fertile country 
where settlers from Russia found plenty of rich soil 
which had been abandoned by the natives, Maykop has 
become a wealthy town, and its population has rapid] 
increased to 22,550, Most of them are still agricul- 
turists, but others are engaged in a brisk trade in the 
produce obtained from the large and wealthy stanitsas 
of the surrounding district. 

MAYNOOTH, a village in the county of Kildare 
province of Leinster, Ireland, is situated on the Royal 
Canal and on the Midland Great Western Railway, 15 
miles northwest of Dublin. The Royal Catholic Col- 
lege of Maynooth, instituted by the Irish parliament in 
1765, is the chief seminary for the education of the 
Roman Catholic clergy of Ireland. It was supported 
by a parliamentary grant of £26,000 a year, which at 
the disestablishment of the Irish church in 1869 was 
commuted by the payment of a capital sum fourteen 
times its amount. The building is a fine Gothic 
structure by Pugin, erected by a parliamentary grant 
obtained in 1846. Near the college stand the ruins of 
Maynooth Castle, built in 1426, and formerly the resi- 
dence of the Fitzgerald family. It was besieged in 
the reign of Henry VIITI., in that of Edward VL, and 
during the Cromwellian wars, when it was demolished. 
The beautiful mansion of the duke of Leinster is about 
a mile from the town. 

MAYO, a maritime county on the west coast of 
Treland, province of Connaught, is bounded N. and W. 
by the Atlantic Ocean, N.E. by Sligo, E. by Roscom- 
mon, 8.H. and S. by Galway. Its greatest length 
from north to south is about 75 miles, and its greatest 
breadth about 65 miles. he total area is 1,318,129 © 
acres, or 2060 square miles. : 

About two-thirds of the boundary of Mayo is formed 
by sea, and the coast is very much indented, and 
abounds in picturesque scenery. ‘The principal inlets 
are Killary Histor between Mayo and Galway; Clew 
Bay, in which are the harbors of Westport and New- 
port; Blacksod Bay and Broad Haven, which form 
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the peninsula of the Mullet; and Killala Bay between 
Mayo and Sligo. The islands are very numerous, the 

rincipal being Inishturk (area 1445 acres, and popu- 
ey 132 in 1881), near Killary Harbor; Clare Island 
(area 8949 acres, population 62) at the mouth of Clew 
Bay, where there are many islets all formed of drift; 
and Achil (area 35,838 acres, population 5070), the 
largest island in Ireland. In the eastern half of the 
county, where carboniferous rocks prevail, the surface 
is comparatively level, with occasional hills consisting 
chiefly of granite and slate. ‘The western half’ is very 
mountainous, but there are a few valleys adjoining the 
sea-shore. A great portion of the coast extending 
from Killala to Clew Bay consists of Old Red and 
Yellow Sandstone. The remainder of the mountainous 
region consists chiefly of quartzite or alternating beds 
of quartzite and granite or gneiss schist. Muilrea 
(2688 feet) is included in a mountain range, lying be- 
tween Killary Harbor and Lough Mask, which belongs 
to the Upper Silurian formation. ‘The next highest 
summits are Nephin (2530 feet), to the west of Lough 
Conn, and Croagh Patrick (2370 feet), to the south of 
Clew Bay. The river Moy flows northwards, forming 
the boundary of the county with Sligo, and falls into 
Killala Bay. The courses of the other streams are 
short, and except when swollen by rains their yolume 
is small. The principal lakes are Lough Mask and 
Lough Corrib, on the borders of the county with Gal- 
way, and Loughs Conn, Carrah, Castlebar, Cullin, and 
Carrowmore. Limestone is abundant, and also iron 
ore, which, however, is not smelted, from want of fuel. 
There are several valuable slate quarries; and ochres, 
granite, and manganese ave found. 

Agriculture.—Tlhere are some very fertile regions in 
the level portions of the county, but in the mountain- 
ous districts the soil is poor, the holdings are subdivided 
beyond the possibility. of affording proper sustenance 
to their occupiers, and, except where fishing is com- 
bined with agricultural operations, the circumstances 
of the peasantry are among the most wretched of any 
district of Ireland. 


In 1881 there were 179,343 acres, or less than one-eighth 
of the whole area, under crops, while 545,040 were pasture, 
10,702 woods, and 521,673 waste. The total number of hold- 
ings in 1881 was 37,693, of which 22,914 were less than 15 
acres in extent, and 9386 between 15 and 30 acres. The fol- 


lowing table shows the areas under the principal crops in 
1855 and 1882 :— 


Other | Meadow | 


t ts _ | Other 
Wheat.| Oats. | Cere- | tra oak Green|Flax.| aad | Total. 
als. | ; Pe Crops. Clover. 


| 
1855] 4,638 |88,543 | 5,396 59,037 | 9,556 
1882; 1,083 |61,125 | 3,016 54,594 | 7,960 
| 


2,198 
3,964 


745 | 18,099 
286 | 43,363 


183,337 
175,391 


Horses between 1855 and 1882 increased from 17,531 to 
18,050, of which 12,150 were used solely for agricultural 
purposes. The number of cattle in 1855 was 153,583, and in 
1882 it was 162,331, of which 53,153 were milch cows. Sheep 
in 1855 numbered 265,448, and in 1882 only 225,509, although 
in 1880 there were as many as 271,282. Pigs in 1882 num- 
bered 62,227, goats 5987, and poultry 632,482. According to 
the latest return the land was divided among 1483 propri- 
etors, who possessed 1,308,367 acres, at an annual ratable 
value of £310,140, the ratable value per acre being 4s. 8d. 
The average size of the properties was 882 acres. No fewer 
than 21 proprietors possessed upwards of 10,000 acres, and 
of these 8 possessed upwards of 20,000, viz., Marquis of 
Sligo, 114,881 acres; Viscount Dillon, 83,749; Sir R. W. H. 
Palmer, Bart., 80,990; Earl of Lucan, 60,570; T.S. Carter, 
37,773; G. Clive, 35,229; Earl of Arran, 29,644; C. H. Knox, 
24,374. 

Manufactures and Trade.—Coarse linen and woollen cloths 
are manufactured to a small extent. There are very pro- 
ductive fishing banks on the coast, especially in the neigh- 
borhood of the islands, and the Moy is a fine river for 
salmon. 

Railways.—The Great Northern and Western Railway 
crosses the county from near Ballyhaunis to Westport, and 
a branch from it runs north to Ardnaree near Killala Bay. 

Administration and Population.—The county includes nine 

Vou. XV.—724 


657 


baronies and seventy-three parishes. It is in the Con- 
naught circuit. Assizes are held at Castlebar, and quarter 
sessions at Ballina, Ballinrobe, Bellmallet, Castlebar, Clare- 
morris, Swineford, and Westport. There are twenty-two 
petty sessions districts within the county, and portions of 
two other districts. It includes the seven poor-law unions 
of Bellmullet, Castlebar, Claremorris, Killala, Newport, 
Swineford, and Westport, and part of the unions of Ballina, 
Ballinrobe, and Castlerea. It is in the Dublin military 
district, subdistrict of Galway; and there are barrack sta- 
tions at Castlebar, Ballinrobe, Westport, Foxford, and Bal- 
laghaderreen. In the Irish parliament two members were 
returned for the county, and two for the borough of Castle- 
bar, but at the Union Castlebar was disfranchised. 

From 77,508 in 1760 the population gradually increased 
till in 1841 it was 388,887, but in 1851 it had diminished to 
274,499, in 1871 to 246,030, and in 1881 to 245,212, of whom 
119,421 were males and 125,791 females. The county con- 
tains a portion (with 4318 inhabitants) of the township of 
Ballina, the townships of Castlebar, 3855, and Westport, 
4469, and the town of Ballinrobe, 2286. The number of 
emigrants from Ist May, 1851, to 31st December, 1881, 
was 85,451. The number of emigrants in 1881 was 4469, 
or a proportion of 18.4 to every 1000 of the population. 
The death-rate to every 1000 of the population for ten years 
ending 31st March, 1881, was 13.8, the birth-rate 27.1, and 
the marriage-rate 3.9. Roman Catholics in 1881 numbered 
238,262, Episcopalians 5575, Presbyterians 925, and Metho- 
dists 275. In 1881 as many as: 8808 persons could speak 
Irish only, and 138,930 Irish and English. 

History and Antiquities —The name given by Ptolemy to 
the inhabitants of this district of Ireland was Nagnate. 
Erris in Mayo was the scene of the landing of the chief colony 
of the Firbolgs, and the battle which is said to have resulted 
in the overthrow and almost annihilation of this tribe took 
place also in this country, at Moytura near Cong. Along 
with the greater part of Connaught it was granted by King 
John to Hubert de Burgo, but after the rebellion against 
William de Burgo, third earl, headed by MacWilliam 
Oughter, the whole province of Connaught remained nearly 
independent of British rule till the time of Elizabeth. In 
the eleventh year of her reign Mayo was made shire ground, 
taking its name from the monastery of Maio or Mageo, 
which was the see of a bishop. Even, however, after this 
period the MacWilliams continued to exercise very great 
authority. Large confiscations of the estates in the county 
were made in 1586, on the termination of the wars of 1641, 
and after the restoration of the Stuarts. Killala was the 
scene of the landing of a French squadron in connection 
with the rebellion of 1798. 

There are four round towers in the county,—at Killala, 
Turlogh, Meelick, and Bal or Ballagh. The monasteries 
were numerous, and many of them of considerable impor- 
tance—the principal being those at Mayo, Ballyhaunis, 
Cong, Ballinrobe, Ballintober, Burrishoole, Cross or Holy- 
cross in the peninsula of Mullet, Moyne, Rosserick, and 
Strade, Of the old castles the most notable are Downpatrick, 
on a cliff 300 feet in height projecting into the sea, Rock- 
fleet near Newport, said to have been built by the celebra- 
ted Grace O’Malley, Ballylahan Castle near Foxford, and 
Deel Castle near Ballina, at one time the residence of the 
earls of Arran. 

MAYOR. See Municrpatiry. 

MAYOTTA. See Comorgs, vol. vi. p. 196. 

MAYSVILLE, a city of the United States, the capi- 
tal of Mason county, Kentucky, lies on the south bank 
of the Ohio, 69 miles northeast of Lexington by rail. 
Settled in 1784 and incorporated in 1833, it has grown 
into a busy place of 5220 inhabitants (1880), with sev- 
eral good public buildings, flour-mills, plough-factories, 
ete., and is one of the principal hemp-markets in the 
States. 

MAZAMRT, an industrial town in the department. 
of Tarn, France, stands on the northern slope of the 
Montagnes Noires (part of the Cevennes), and on the 
Arnette, a tributary of the Tarn by the Agout. In the 
last century it was an insignificant village, but at present 
it has 14,000 inhabitants, an increase of prosperity due 
to the introduction by M. Houlés (whose statue stands 
in the public square) of the manufacture of a partieu- 
lar kind of woollen fabric sold almost exclusively: in 
France. The factories, driven by water-power, have a 
total of 45,000 spindles, and an annual turnover of 
from 15 to 18 millions of francs. Mazamet is con~ 
nected by a branch line of railway with the town of 
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MAZANDARAN, a province of Northern Persia, 
lying between the Caspian Sea and the Elburz range, 
and bounded EH, and W. by the provinces of Astrabad 
and Gildu respectively, is 220 miles in length and 60 
miles in (mean) breadth, with an area of about 10,000 
square miles and a population estimated at from 150,- 
000 to 200,000. azandaran comprises two distinct 
natural regions presenting the sharpest contrast in 
their relief, climate, and products. In the north the 
Caspian is encircled by the level and swampy low- 
lands, varying in breadth from 10 to 30 miles, partly 
under impenetrable jungle, partly under rice, cotton, 
sugar, and other crops. This section is fringed north- 
wards by the sandy beach of the Caspian, here almost 
destitute of natural harbors, and rises somewhat 
abruptly inland to the second section, comprising 
the northern slopes and spurs of the Elbiirz, which 
approach at some points within one or two miles of 
the sea, and which are almost everywhere covered 
with dense forest. The lowlands, rising but a few feet 
above the Caspian, and subject to frequent floodings, 
are extremely malarious, while the highlands, eulmi- 
nating with the magnificent Damadvand (18,600 feet), 
enjoy a tolerably salubrious climate. But the climate, 
generally hot and moist insummer, is everywhere ca- 
pricious and liable to sudden changes of temperature, 
whence the prevalence of rheumatism, dropsy, and 
especially ophthalmia, noticed by all travellers. Snow 
falls heavily on the uplands, where it often lies for 
weeks on the ground. ‘lhe direction of the long sand- 
banks at the river mouths, which project with remark- 
able uniformity from west to east, shows that the pre- 
vailing winds blow from the west and northwest. ‘The 
rivers themselves, of which there are as many as fifty, 
are little more than mountain torrents, all rising on 
the northern slopes of Klbtirz, flowing mostly in 
independent channels to the Caspian, and subject to 
sudden freshets and inundations along their lower 
course. The chief are the Safed-rtid on the Gilan 
frontier, the Lar, Hari-rid, Alam-rid, Riuistam-rid, 
and Harez, and all are well-stocked with trout, mullet 
(safed mahf), carp, sturgeon, and other fish, which 
with rice furm the staple food of the inhabitants, and 
supply large quantities of caviare for the Russian mar- 
ket. Near their mouths the rivers, running counter 
to the prevailing winds and waves of the Caspian, 
form long sand-hills 20 to 30 feet high and about 200 
yards broad, behind which are developed the so-called 
miurd-ab, or ‘‘dead waters,” stagnant pools and 
swamps characteristic of this coast, and a chief cause 
of its unhealthiness. 

The province abounds in iron ores and in mineral 
pitch in every state of transition from pure petroleum 
to the finest naphtha. The chief cultivated plants are 
rice, cotton, sugar, alittle silk, and fruits in great va- 
riety, including several kinds of the orange, lemon, and 
citron. Some of the slopes are covered with extensive 
thickets of the pomegranate, and the wild vine climbs 
to a great height round the trunks of the forest trees. 
These woodlands are haunted by the tiger, panther, 
bear, wolf, and wild boar in considerable numbers. Of 
the domestic animals, all remarkable for their small 
size, the chief are the black, humped cattle, somewhat 
resembling the Indian variety, the yabu (asturdy breed 
of horses), and sheep and goats. 


Kinneir, Frazer, and other observers speak unfavorably 
of the Mazandardni people, whom they describe as very 
ignorant and bigoted, arrogant, rudely inquisitive, and 
almost insolent towards strangers. The peasantry, how- 
ever, although called the “Bcotians of Persia,” are far 
from dull, and betray much shrewdness where their inter- 
ests are concerned. In the healthy districts they are stout 
and well-made, and are the most warlike race in Persia, 
furnishing 5000 cavalry and 12,000 foot to the Government. 
Of the latter 2000 are always in attendance on the shah at 
Tehran. They speak a marked and somewhat rude Per- 
sian dialect; but a Tarki idiom closely akin to the Turko- 
man is still current amongst the foreign tribes, although 
they have mostly already passed from the nomad to the 
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settled state. Of these intruders the most numerous are 
the Modaunla, Khojehvand, and Abdul Maleki, origi- 
nally of Lek or Kurd stock, besides branches of the royal 
Afshar and Kajar tribes of Tarki descent. All these are 
exempt from taxes in consideration of their military ser- 
vice, 

The export trade is chiefly with Russia through Baki, 
where broadcloths, flour, saffron, and bar iron are taken in 
exchange for the white and colored calicoes, caviare, Tice, 
and raw cotton of Mazandaran, Owing to the almost im- 
penetrable character of the country, there are scarcely any 
roads accessible to wheeled carriages, and the great cause- - 
way of Shah Abbas has in many places even disappeared 
under the jungle. Two routes, however, lead to Tehran, 
one by Firoz Koh, 180 miles long, the other by Larijan, 144 
miles long, both in tolerably good repair. Except where © 
crossed by these routes the Elbdrz forms an almost im- 
passable barrier to the south. 

The administration is in the hands of the prince gover- 
nor, who appoints most of the beglerbegs and governors of 
the nine districts of Am6l, Birfarédsh, Mashhad-i-Sar, Sari, 
Ashraf, Farah-dbdd, Tennacorben, Kellauristak, and Kajar, 
into which the province is divided, There is fair security 
for life and property ; and, although otherwise indifferently 
administered, the country is quite free from marauders or 
local disturbances. The reyeuue is about 105,000 toméns, 
of which nothing goes to the state treasury, all being re- 
quired for the governors, troops, pensions and police. The 
capital is Sari, the other chief towns being Barfarésh, 
Mashhad-i-Sar, Ashraf, and Farah-dbad. 


MAZARIN, JuLes (1602-1661), cardinal, the suc- 
cessor of Richelieu, and forerunner of Louis XTV., was 
the eldest son of Pietro Mazarini, the intendant of the 
household of Philip Colonna, and of his wife Ortensia 
Buffalini, a connection of the Colonnas, and was born 
at Piscina in the Abruzzi on July 14, 1602. He was 
educated by the Jesuits at Rome till his seventeenth 
year, when he accompanied Jerome Colonna as cham- 
berlain to the university of Alcala in Spain. There 
he distinguished himself more by his loye of gambling 
and his gallant adventures thari by study, but made 
himself’ a thorough master, not only of the Spanish 
language and character, but also of that romantic 
fashion of Spanish love-making which was to help him 
greatly in after life, when he became the servant of a 
Spanish queen. On his return to Rome he took his 
degree as Doctor Utriusque Juris, and then became 
captain of infantry in the regiment of Colonna, which 
took part in the war in the Valtelline. During this 
war he gave proofs of much diplomatic ability, and 
Pope Urban VIII. intrusted him, in 1629, with the 
difheult task of putting an end to the war of the Man- 
tuan succession. His success marked him out for 
further distinction. He was presented to two canon- 
ries in the churches of St. John Lateran and Sta. 
Maria Maggiore, although he had only taken the 
minor orders, and had never been consecrated priest ; 
he negotiated the treaty of Turin between France and 
Savoy in 1632, became vice-legate at Avignon in 1634, 
and nuncio at the court of France from 1634-36. But 
he began to wish for a wider sphere than papal nego- 
tiations, and, seeing that he had no chance of becom- 
ing a cardinal except by the aid of some great power, 
he accepted Richeliew’s offer of entering the service 
of the king of France, and in 1639 became a natural- 
ized Frenchman. In 1640 Richelieu sent him to 
Savoy, where the regency of Christine, the duchess 
of Savoy, and sister of Louis XIII., was disputed by 
her brothers-in-law, the princes Maurice and Thomas 
of Savoy, and he succeeded not only in firmly estab- 
lishing Christine but in winning over ‘the princes to 
France. ‘This great service was rewarded by his pro- 
motion to the rank of cardinal on the presentation of 
the king of France in December, 1641. On the 4th 
December, 1642, Cardinal Richelieu died, and on the 
very next day the king sent a circular letter to all offi- 
cials ordering them to send in their reports to Cardinal 
Mazarin, as they had formerly done to Cardinal Rich- 
elicu. Mazarin was thus acknowledged supreme min- 
ister, but he still had a difficult part to play. The 
king evidently could not live long, and to preserve 
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power he must make himself necessary to the queen, 
who would then be regent, and do this without arous- 
ing the suspicions of the king or the distrust of the 
queen, His measures were ably taken, and when the 
king died on May 14, 1643, to every one’s surprise her 
husband’s minister remained the queen’s. ‘he king 
had by a royal edict cumbered the queen-regent with 
a council and other restrictions, and it was necessary 
to get the parlement of Paris to overrule the edict, 
and make the queen absolute regent, which was done 
with the greatest complaisance. Now that the queen 
was all-powerful, it was expected she would at once 
dismiss Mazarin and summon her own friends to 
power. One of them, Potier, bishop of Beauvais, 
already gave himself airs as prime minister, but Ma- 
zarin had had the address to touch both the queen’s 
heart by his Spanish gallantry and her desire for her 
son's glory by his skilful policy abroad, and he found 
himself able easily to overthrow the clique of Im- 
portants, as they were called. That skilful policy was 
shown in eyery arena on which the great Thirty Years’ 
War was being fought out. Mazarin had inherited 
the policy of ae during the Thirty Years’ War 
from Richelieu. He had inherited his desire for the 
humiliation of the house of Austria in both its 
branches, his desire to push the French frontier to 
the Rhine and maintain a counterpoise of German 
states against Austria, his alliances with the Nether- 
lands and with Sweden, and his four theatres of war— 
on the Rhine, in Flanders, in Italy, and in Catalonia. 
This is not the place to examine the campaigns of the 
last five years of the great war (see ConDg£, TURENNE), 
but it was Mazarin alone who directed the French di- 
plomacy of the period. He it was who made the 

eace of Brémsebro between the Danes and the 

wedes, and turned the latter once again against the 
empire; he it was who sent Lionne to make the peace 
of Castro, and combine the princes of North Italy 
against the Spaniards, and who made the peace of 

Im between Hrance and Bavaria, thus detaching the 
emperor’s best ally. He made one fatal mistake,— 
he dreamt of the French frontier being the Rhine and 
the Scheldt, and that a Spanish princess might bring 
the Spanish Netherlands as dowry to Louis XIV. 
This aroused the jealousy of the United Provinces, 
and they made a separate peace with Spain in Janu- 
ary, 1648; but the valor of the French generals made 
the skill of the Spanish diplomatists of no avail, for 
Turenne’s victory at Zusmarshausen, and Condé’s at 
Lens, caused the peace of Westphalia to be definitely 
signed in October, 1648. This celebrated treaty be- 
Jongs rather to the history of Germany than to a life 
of Mazarin; but two questions have often been asked, 
whether Mazarin did not delay the peace as long as 
possible in order to more completely ruin Germany, 
and whether Richelieu would have made a similar 

eace. ‘To the first question Mazarin’s letters, pub- 
ished by M. Cheruel, prove a complete negative, for 
in them appears the zeal of Mazarin for the peace. 
On the second point, Richelieu’s letters in many places 
indicate that his treatment of the great question of 
frontier would have been more thorough, but then he 
would not have been hampered in France itself. 

We must now notice that strange period of the 
Fronde which has always been variously treated, for 
modern historians have written its history from many 
different standpoints, all of which can be categorically 
supported from the varying mémoires of the principal 
actors. Now, however, thanks to the labors of Nr 
Cousin on the carnets of Mazarin, which contain the 

substance of’ his inmost thoughts, and of M. Cheruel 
on the letters written to and by Mazarin, it is possible 
to construct a more accurate and trustworthy history 
of the Fronde than has ever yet been attempted. It 
‘s not, however, intended here to trace the whole his- 
tory of the Fronde, interesting as that would be, but 
merely to trace the policy of Manakin throughout the 
epoch. The origin of both the Frondes was partly 
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Mazarin’s fault. In 1645 the parlement of Paris. had 
yrotested against certain taxes, and had been checked 
by a lit de justice; and when, in 1648, it united its 
members in the Chambre de Saint Louis for the gen- 
eral reform of the kingdom, Mazarin and the queen, 
instead of holding another lit de justice, calling the 
states-general, or transferring the parlement out of 
Paris, any of which measures would have broken its 
power, foolishly believed in the influence of the vic- 
tory of Lens, and threw the people of Paris on the 
side of the parlement by the arrest of Broussel. The 
Fronde of the princes and the nobles, on the other 
hand, was largely due to Mazarin’s absorption of po- 
litical power. hese Frondeurs were not, like their 
ancestors, moved by great religious and political sym- 
pathies, but by merely selfish aims for restoring the 
old license of duel and intrigue, and were only united 
in one sentiment, hatred to Mazarin. hat this was 
so was greatly Mazarin’s own fault; he had tried con- 
sistently to play off Gaston of Orleans against Condé, 
and their respective followers against each other,-and 
had also, as his carnets prove, jealously kept any cour- 
tier from getting into the good graces of the queen- 
regent except by his means, so that it was not un- 
natural that the nobility should hate him, while 
the queen found herself surrounded by his  crea- 
tures alone. Events followed each other quickly; 
the day of the barricades was followed by the 
peace of Ruel, the peace of Ruel by the ar- 
rest of the princes, by the battlé of Rethel, and 
Mazarin’s exile -to Briihl before the union of the two 
Frondes. It was while in exile at Briihl that Mazarin 
saw the mistake he had made in isolating himself and 
the queen, and that his policy of balancing every party 
in the state against each other had made every party 
distrust him. So by his counsel the queen, while 
nominally in league with De Retz and the parliamen- 
tary Fronde, labored to form a purely royal party, 
wearied by civil dissensions, who should act for her 
and her son’s interest alone, under the leadership of 
Mathieu Molé, the famous premier president of the 
parlement of Paris. The new party grew in strength, 
and in January, 1652, after exactly a year’s absence, 
Mazarin returned to the court. ‘Turenne had now be- 
come the royal general, and out-manceuvred Condé, 
while the royal party at last grew to such strength in 
Paris, that Condé had to leave the capital and France. 
In order to promote a reconciliation with the parle- 
ment of Paris, Mazarin had again retired from court, 
this time to Sedan, in August, 1652, but he returned 
finally in February, 1653. Long had been the trial, 
and greatly had Mazarin been to blame in allowing the 
Frondes to come into existence, but he had retrieved 
his position by founding that great royal party which 
steadjly grew until Louis XIV. could fairly have said 
‘TL’ Etat, e’est moi’? As the war had progressed, 
Mazarin had steadily followed Richelieu’s policy of 
weakening the nobles on their country estates. When- 
ever he had an opportunity he destroyed a feudal 
castle, and by destroying the towers which commanded 
nearly every town in Ifrance, he freed such towns as 
Bourges, for instance, from their long practical sub- 
jection to the neighboring great lord. 

The Fronde over, Mazarin had to build up afresh 
the power of France at home and abroad. It is to his 
shame that he did so little at home. Beyond destroy- 
ing the brick and mortar remains of feudalism, he did 
nothing for the people. But abroad his policy was 
everywhere successful, and opened the way for the 
policy of Louis XIV. He at first, by means of an 
alliance with Cromwell, recovered the northwestern 
cities of France, though at the price of yielding Dun- 
kirk to the Protector. On the Baltic, France guar- 
anteed the treaty of Oliva between her old allies 
Sweden, Poland, and Brandenburg, which preserved - 
her influence in that quarter. In Germany he, through 
Lionne, formed the league of the Rhine, by which the 
states along the Rhine bound themselves under the 
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headship of France to be on their guard against the’ 
house of Austria. By such measures Spain was in-| 
duced to sue for peace, which was finally signed in the 

Isle of Pheasants on the Bidassoa, and which is known | 
as the treaty of the Pyrenees. By it Spain recovered 
Franche Comté, but ceded to France Roussillon, and 

much of French Flanders; and, what was of greater | 
ultimate importance to Kurope, Louis XLV. was to 

marry a Spanish princess, who was to renounce her 
claims to the Spanish succession if her dowry was 

paid, which Mazarin knew could not happen at pres- 

ent from the emptiness of the Spanish exchequer. 

He returned to Paris in declining health, and did not 

long survive the unhealthy sojourn on the Bidassoa; 

after some political instruction to his young master, he 

passed away at Vincennes on March 9, 1661, leaving a 

fortune estimated at from 18 to 40 million livres behind 

him, and his nieces married into the greatest families 
of France and Italy. 


The man who could have had such success, who could 
have made the ‘treaties of Westphalia and the Pyrenees, 
who could have weathered the storm of the Fronde, and 
left France at peace with itself and with Europe to Louis 
XIV., must have been agreat man; and historians, relying 
+oo much on the brilliant memoirs of his adversaries, like 
De Retz, are apt to rank him too low. That he had many 
a petty fault there can be no doubt; that he was avaricious 
and double-dealing was also undoubted; and his carnets 
show to what unworthy means he had recourse to main- 
tain his influence over the queen. What that influence was 
will be always debated, but both his carnets and the Briihl 
letters show that a real personal affection, amounting to 
passion on the queen’s part, existed. Whether they were 
ever married may be doubted; but that hypothesis is made 
more possible by M. Cheruel’s having been able to prove 
from Mazarin’s letters that the cardinal himself had never 
taken more than the minor orders, which could always be 
thrown off. With regard to France he played a more 
patriotic part than Condé or Turenne, for he never treated 
with the Spaniards, and his letters show that in the midst 
of his difficulties he followed with intense eagerness every 
movement on the frontiers. It is that immense mass of 
letters, now in course of publication, that prove the real 
greatness of the statesman and disprove De Retz’s portrait 
which is carefully arranged to show off his enemy against 
the might of Richelieu. To concede that the master was 
the greater man and the greater statesman does not imply 
that Mazarin was buta foil to his predecessor. It is true that 
we find none of those deep plans forthe internal prosperity 
of France which shine through Richelieu’s policy. Maza- 
rin was not a Frenchman, but a citizen of the world, and 
always paid most attention to foreign affairs; in his letters 
all that could teach a diplomatist is to be found, broad 
general views of policy, minute details carefully elaborated, 
keen insight into men’s characters, cunning directions 
when to dissimulate or when to be frank. From first 
to last the diplomatist peeps forth, and gives the key 
to his character, and to the causes of his success. Italian 
though he was by birth, education, and nature, France 
owed him a great debt for his skilful management during 
the early years of Louis XIV., and the king owed him yet 
more, for he had not only transmitted to him a nation at 
peace, but he had educated for him his great servants Le 
Tellier, Lionne, and Colbert. Literary men owed him also 
much; not only did he throw his famous library open to 
them, but he pensioned all their leaders, including Des- 
cartes, Voiture, Balzac, and Pierre Corneille. The last- 
named, the greatest of them all, did not care for Mazarin as 
a paymaster only, but as a statesman; he was a profound 
royalist, believing that absolutism alone could save France 
from the horrors of religious wars, or the selfish turbulence 
of a Fronde, and to Mazarin heapplied, with an adroit allu- 
sion to his birthplace, in the dedication of the Pompée, the 
line of Virgil— 


“Tu regere imperio populos, Romane, memento” 


All the earlier works on Mazarin, and early accounts of 
his administration, of which the best were Bazin’s Histoire 
de France sous Lows XTIT, et sous le Cardinal Mazarin, 4 
vols., 1846, and Saint-Aulaire’s Histoire de la Fronde, have 
been superseded by M. Cheruel’s admirable Histoire de 
France pendant la minorité de Louis XIV., 4 vols., 1879-89, 
which covers from 1643-51, and its sequel Histoire de France 
sous le Ministére de Cardinal Mazarin, 2 vols., 1881-82, which 
is the first account of the period written by one able to sift. 


the statements of De Retz and the memoir writers, and | 
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rest upon such documents as Mazarin’s letters and carnets, 
To M. Cheruel the Government of France has intrusted 
the task of editing Mazarin’s Letters, of which two volumes 
have at present appeared, which must be carefully studied 
by any student of the history of France. For his ‘ carnets” 
reference must be made to M, Cousin’s articles in the Jour- 
nal des Savants; for his early life to Cousin’s Jeunesse de 
Muzarin, 1865, and for the careers of his nieces to Renée’s 
Les Nieces de Mazarin, 1856. For the Mazarinades or squibs 
written against him in Paris during the Fronde, see Mo- 
reau’s Bibliographie des Mazarinades, 1850, containing an ac-. 
count of 4082 Mazarinades. On the Fronde, also, consult 
Gaillardin’s Histoire de Louis XIV., 6 vols. 1876-78, and 
Feillet’s interesting Misére au temps dela Fronde. For his 
foreign policy. besides his Letters, see Valfrey’s Hugues de: 
Lionne, and Mignet’s Histoire des Négociations relutives dla 
Succession d’ Espagne. (H. M. 8.) 


MAZATLAN, a city and seaport of Mexico, in the 
state of Cinaloa, on the coast of the Pacific, near the 
mouth of the Gulf of California, in 23° 187 N. lat. and 
106° 56’ W. long. It occupies an attractive situation, 
but, as the houses are for the most part low, has not 
an imposing appearance. The port is often visited by 
Knglish and American vessels, and is consequently the 
seat of several consular agents. A large smuggling — 
trade was formerly carried on in much the same lines 
as the present legitimate traffic—export of bullion, 
dye-stuffs, and pearls, and import of manufactured 
goods from Hurope and fruits and vegetables from San 
Francisco. In 1878 the value of the imports was 
about £600,000, that of the exports about £500,000. 
The population, which contains a large floating ele- 
ment, was stated at 12,706 in 1871. 

MAZKEPPA, [van SrepHaNoviten (1644-1709), a 
Cossack chief, best known as the hero of one of 
Lord Byron’s poems, was born in 1644, of a poor 
but noble family, at Mazepintzui in the palatinate of 
Podolia. At an early age he became a page at the 
court of John Casimir, king of Poland. After some 
time he returned to his native province; but, engaging 
in an intrigue with a Polish matron of high rank, he 
was detected by the injured husband, and was sen- 
tenced to be bound naked on the back of an untamed 
horse. The animal on being let loose galloped off to 
its native wilds of the Ukraine. Mazeppa, halfdead 
and insensible, was released from his fearful position, 
and restored to animation by some poor peasants. In 
a short time his agility, courage, and sagacity rendered 
him popular among the Cossacks. He was appointed 
secretary and adjutant to Samoilovitch, their Rattan 
or chief, and succeeded that functionary in 1687. ‘The 
title of prince was afterwards conferred upon him by 
his friend and patron, Peter the Great, who long be- 
lieved confidingly in his good faith, and banished or 
executed as calumnious traitors all who, like Palei, 
Kotchubey, and Iskra, ventured to accuse him of con- 
spiring with the enemies of Russia. Bent, however, 
upon casting off the Russian yoke, Mazeppa became, 
in his seyentieth year, and after much hesitation and 
inconstaney of purpose, an ally of the Swedish mon- 
arch, Charles XII. After the disastrous battle of 
Pultowa, fought, it is said, by his advice, Baturin, his 
capital, was taken and sacked by Menshikoff, and his 
name anathematized throughout the churches of Rus- 
sia, and his efigy suspended from the gallows. A 
wretched fugitive, he escaped to Bender, but only to 
end his life by poison in 1709. Pushkin made Mazeppa 
the hero of his drama ‘‘ Pultowa.” —~ : 

MAZZARA DEL VALLO, a city of Italy, on the 
coast of Sicily, in the province Trapani, 13 miles by 
rail southeast of Marsala. It is surrounded by a wall 
37 feet in height, strengthened by towers rising at in- 
tervals; and it possesses a castle and a cathedral, both 
founded by Count Roger in the 11th century. The 
harbor is spacious but badly sheltered from the south 
winds. The population of the city was 11,756 in 1871; 
that of the commune was 10,999 in 1861 and 13,505 
in 1881. 


Mazara or Mazaris appears from Diodorus Siculus (xiii. 
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54) to have been a trading establishment of Selinus, and it 
was captured by the Carthaginian general in 409 B.c. on his 
march against that city. It was in this neighborhood that 
the Saracens landed in 827 A.p.; and the name of Val di 
Mazzara long indicated one of the three divisions of Sicily. 


MAZZINI, Giusmrre (1805-1872), Italian patriot, 
was born on June 22, 1805, at Genoa, where his father, 
Giacomo Mazzini, was a physician in good practice, 
and a professor in the university. His mother is de- 
stbady as having been a woman of great personal 
beauty, as well as of active intellect and strong affec- 
tions. During infancy and childhood his health was 
extremely delicate, and it appears that he was nearly 
six years of age before he was quite able to walk ; 
long before this, however, he had learned to read, and 
otherwise begun to show great intellectual precocity. 
His first tutor was au old priest who taught him Latin, 
but, his omnivorous reading was not directed by any 
master. At the age of thirteen he began to attend 
classes in the faculty of arts at the university; he af- 
terwards studied anatomy with a view to following his 
father’s profession, but finally (1826) graduated in 
laws. Apart from his professional studies, he took 
lessons in music, English, and fencing. Of his student 
days little more is recorded than that his exceptional 
abilities as well as the remarkable generosity and be- 
nevolence of his impulses and aims were quickly ree- 
ognized by his comrades,—his professors, however, 
having frequent .occasion to complain of his disregard 
for conventional rules. As to his inner life during this 
period, we have only one brief but significant sentence ; 
‘* for a short time,’’ he says, ‘‘ my mind was somewhat 
tainted by the doctrines of the foreign materialistic 
school; but the study of history and the intuitions of 
conscience—the only tests of truth—soon led me back 
to the spiritualism of our Italian fathers.’’ For some 
time after his admission as an advocate Mazzini was 
occupied in the Ufficio dei Poveri; but, although he 
seems to have discharged the duties arising from this 
with zeal and success, he never really overcame his re- 
pugnance to the dry and technical details of legal 

ractice. ‘The natural bent of his genius was towards 
iterature, and, in the course of the four years of his 
nominal connection with the legal profession, he wrote 
a considerable number of essays and reviews, some of 
which have been wholly or partially reproduced in the 
critical and literary volumes of his Life and Writings. 
His first essay, characteristically enough on ‘‘ Dante's 
Love of Country,’’ was sent to the editor of the Auto- 
logia Fiorentina in 1826, but did not appear until some 
years afterwards in the Subalpino. ie was an ardent 
supporter of romanticism as against what he called 
‘literary servitude under the name of' classicism ;”’ 
and in this interest all his critiques (as, for example, 
that of Giannoni’s ile in the Lidicatore Livoriese, 
1829) were penned. But in the meantime the ‘‘re- 
publican instincts’? which he tells us he had inherited 
from his mother had been developing, and his sense of 
the evils under which Italy was groaning had been 
intensified ; and at the same time he became possessed 
with the idea that Italians, and he himself in partieu- 
lar, “‘ could and therefore ought to struggle for liberty 
of country.’’ His literary articles accordingly became 
more and more suggestive of advanced liberalism in 
polities, and led to the suppression by Government of 
~ the /ndicatore Genovese and the Jndicatore Livornese 
successively. Having joined the Carbonari, he soon 
rose to one of the higher grades in their hierarchy, 
and was intrusted with a special secret mission into 
Tuscany; but, as his acquaintance grew, his dissatis- 
faction with the organization of the society increased, 
and he was already meditating the formation of a new 
association having closer bonds of union and more 
definite aims when shortly after the French revolution 
of 1830 he was betrayed, while initiating a new mem- 
ber, to the authorities of Piedmont. He was impris- 
oned in the fortress of Savona on the western Riviera 
for about six months, when, a conviction having been 
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found impracticable through deficiency of evidence, he 
was released, but upon conditions involving so many 
restrictions of his liberty that he preferred the alterna- 
tive of leaving the country. He withdrew accordingly 
into France, living chiefly in Marseilles. While in his 
lonely cell at Savona, in presence of ‘‘ those symbols 
of the infinite, the sky and the sea,’’ with a greenfinch 
for his sole companion, and having access to no books 
but ‘‘a Tacitus, a Byron, and a Bible,’’ he had finally 
become aware of the great mission or ‘‘apostolate”’ 
(as he himself called it) of his life; and soon after his 
release his prison meditations took shape in the pro- 
gramme of the organization which was destined soon 
to become so famous throughout Hurope, that of La 
Giovine Italia, or Young Italy. Its publicly avowed 
aims were to be the liberation of Italy both from for- 
eign and domestic tyranny, and its unification under a 
republican form of government; the means to be used 
were education, and, where advisable, insurrection by 
guerrilla bands; the motto was to be ‘‘God and the 
people,’’ and the banner was to bear on one side the 
words ‘* Unity’’ and ‘‘ Independence”’ and on the other 
‘* Liberty,’ ‘* Equality,’’ and ‘* Humanity,”’ to describe 
respectively the national and the international aims. 
In April, 1831, Charles Albert, ‘‘ the ex-Carbonaro 
conspirator of 1821,’ suecceded Charles Felix on 
the Sardinian throne, and towards the close of that 
year Mazzini, making himself, as he afterwards con- 
fessed, ‘‘ the interpreter of a hope which he did not 
share,’’ wrote the new king a letter published at Mar- 
seilles, urging him to take the lead in the impending 
struggle for Italian independence. Clandestinely re- 
printed, and rapidly circulated all over Italy, its bold 
and outspoken words produced a great sensation, but 
so deep was the offence it gave to the Sardinian Goy- 
ernment that orders were issued for the immediate 
arrest and imprisonment of the author should he 
attempt to cross the frontier. Towards the end of 
the same year appeared the important Young Italy 
‘Manifesto,’ the substance of which is given in the 
first volume of the Life and Writings of Mazzini; and 
this was followed soon afterwards by the society's Jowr- 
nal, which, smuggled across the Italian frontier, had 
great success in the objects for which it was written, 
numerous ‘‘congregations’’ being formed at Genoa, 
Leghorn, and elsewhere. Representations were conse- 
quently made by the Sardinian to the French Govern- 
ment, which issued in an order for Mazzini’s withdrawal 
from Marseilles (August, 1832); he lingered for a few 
months in concealment, but ultimately found it neces- 
sary to retire into Switzerland. From this point it is 
somewhat difficult to follow the career of the mysterious 
and terrible conspirator who for twenty years out of the 
next thirty led a life of voluntary imprisonment (as he 
himself tells us) ‘‘ within the four walls of a room,’ and 
‘“‘kept no record of dates, made no biographical notes, 
and preserved no copies of letters.’’ In 1833, however, 
he is known to have been concerned in an-.abortive 
revolutionary movement which took place in the Sar- 
dinian army; several executions took place, and he 
himself was laid under sentence of death. Before the. 
close of the same year a similar movement in Genoa 
had been planned, but failed,through the youth and 
inexperience of the leaders. At Geneva, also in 1833, 
Mazzini set on foot L’ Hurope Centrale, a journal of 
which one of the main objects was the emancipation of 
Savoy; but he did not confine himself to a merely lit- 
erary agitation for this end. Chiefly through his agency 
a considerable body of German, Polish, and Italian 
exiles was organized, and an armed invasion of the 
duchy planned. The frontier was actually crossed on 
February 1, 1834, but the attack ignominiously broke. 
down without a shot having been fired. Mazzini, who 
personally accompanied the expedition, is no doubt 
correct in attributing the failure to dissensions with the 
Carbonari leaders in Paris, and to want of a cordial 
understanding between himself and the Savoyard 
Ramorino, who had been chosen as military leader. In 
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April, 1834, the ‘‘ Young Europe”’ association “‘ of men 
believing in a future of liberty, equality, and fraternity 
for all mankind, and desirous of consecrating their 
thoughts and actions to the realization of that future’”’ 
was tormed, also under the influence of Mazzini’s en- 
thusiasm ; it was followed soon afterwards by a ‘‘ Young 
Switzerland”’ society, having for its leading idea the 
formation of an Alpine confederation, to include Swit- 
zerland, Tyrol, Savoy, and the rest of the Alpine chain 
as well. But Za Jeune Suisse newspaper was com- 
pelled to stop within a year, and in other respects the 
affairs of the struggling patriot became embarrassed. 
He was permitted to remain at Grenchen in Solothurn 
for a while, but at last the Swiss diet, yielding to strong 
and persistent pressure from abroad, exiled him 
about the end of 1836. In January, 1837, he arrived in 


Juondon, where for many months he had to carry on a} 
hard fight with poverty and the sense of spiritual lone- | 


liness so touchingly described by himself in the first 
volume of the Life and Writings. Ultimately, as he 
gained command of the Huglish language, he began to 
earn a livelihood by writing review articles, some of 
which have since been reprinted, and are of a high 
order of literary merit; they include papers on ‘‘ Italian 
Literature since 1830’? and ‘‘ Paolo Sarpi’’ in the Wes¢- 
minster Review, articles on ‘‘ Lamennais,’’ ‘George 
Sand,”’ ‘‘ Byron and Goethe” in the Monthly Chroni- 
cle, and on ‘‘ Lamartine,’’ ‘‘ Carlyle,’’ and ‘‘The Minor 
Works of Dante”’ in the British and Foreign Review. 
In 1839 he entered into relations with the revolutionary 
committees sitting in Malta and Paris, and in 1840 he 
originated a working men’s association, and the weekly 


journal entitled Apostolato Popolare, in which the ad- | 


mirable popular treatise ‘‘On the Duties of Man’’ was 
commenced. 
labors undertaken by Mazzini during this period of 
retirement in London may be mentioned a free evening 
school conducted by himself and a few others for some 
years, at which several hundreds of Italian children 
received at least the rudiments of secular and religious 
education. 
during the same period was perhaps that which arose 
out of the conduct of Sir James Grahain, the home 


secretary, in systematically, for some months, opening | 


Mazzini’s letters as they passed through the British 
post-office, and communicating their contents to the 
Neapolitan Government—a proceeding which brought 
about the arrest and execution of the brothers Bandi- 
era, Austrian subjects, who had been planning an 
expedition against Naples. 
in parliament, and the report of the committee ap- 


pointed to inquire into the matter did not, however, | 


lead to any practical result, unless indeed the incidental 
vindication of Mazzini’s character, which had been 
recklessly assailed in the course of debate. 


by the first- acts of Pius [X., in 1846, but at the same 
time he availed himself, towards the end of 1847, of 
the opportunity to publish a letter addressed to the 
new pope, indicating the nature of the religious and 
national mission which the Liberals expected him to 
undertake. The leaders of the revolutionary outbreaks 
in Milan and Messina in the beginning of 1848 had 
long been in secret correspondence with Mazzini; and 
their action, along with the revolution in Paris, brought 
him early in the same year to Italy, where he took a 
great and active interest fh the events which dragged 
Charles Albert into an unprofitable war with Austria; 
he actually for a short time bore arms under Garibaldi 
immediately before the reoccupation of Milan, but 
ultimately, after vain attempts to maintain the insur- 
rection in the mountain districts, found it necessary to 
retire to Lugano. In the beginning of the following 
year he was nominated a member of the short-lived 
provisional government of ‘Tuscany formed after the 
flight of the grand-duke, and almost simultaneously, 
when Rome had, in consequence of the withdrawal of 
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The most memorable episode in his life | 


The prolonged discussions | 


: Mazzini | 
did not share the enthusiastic hopes everywhere raised | 
in the ranks of the Liberal party throughout Europe | 
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Pius IX., been proclaimed a republic, he was declared 
a member of the constituent assembly there. A month 
afterwards, the battle of Novara having again decided 
against Charles Albert in the brief struggle with Aus- 
tria, into which he had once more been drawn, Mazzini 
was appointed a member of the triumvirate, with su- 
preme executive power. ‘The opportunity he now had 
for showing the administrative and political ability 
which he was believed to possess was more apparent 
than real, for the approach of the professedly friendly’ 
French troops soon led to hostilities, and resulted in a 
siege which terminated, towards the end of June, with 
the assembly’s resolution to discontinue the defence, - 
and Mazzini’s indignant resignation. ‘That he suc- 
ceeded, however, fur so long a time, and in eircum- 
stances so adverse, in maintaining a high degree of 
order within the turbulent city is a fact that speaks 
for itself. His diplomacy, backed as it was by no 
adequate physical force, naturally showed at the time 
to very great disadvantage, but his official corre 
spondence and proclamations can still be read with 
admiration and intellectual pleasure, as well as his 
eloquent vindication of,the revolution in his published 
‘Letter to MM. de Tocqueville and De Falloux.” 
The surrender of the city on June 30 was followed 
by Mazzini’s not too precipitate flight by way of Mar- 
seilles into Switzerland, whence he once more found 
his way to London. Here in 1850 he became president 
of the National Italian Committee, and at the same 
time entered into close relations with Ledru-Rollin and 
Kossuth. He hada hand in the abortive rising at 
Mantua in 1852, and again, in February, 1853, a con- 
siderable share in the formidable insurrection which 
broke out at Milan; once more, in 1854, he had gone 
far with preparations for renewed action when his plans 
were completely disconcerted by the withdrawal of 
professed supporters, and by the action of the French 
and Hnglish Governments in sending ships of war to 
Naples. ‘The year 1857 found him yet ouce more in 
Italy, where, for complicity in short-lived emeutes 
which took place at Genoa, Leghorn, and Naples, he 
was again laid under sentence of death. Undiscouraged 
in the pursuit of the one great aim of his life by any 
such incidents as these, he returned to London, where 
he edited his new journal Pensiere ed Azione, in which 
the constant burden of his message to the overcautious 
practical politicians of Italy was—‘‘I am but a voice 
crying Action; but the state of Italy cries for it also. 
So do the best men and people of her cities. Do you 
wish to destroy my influence? <Act.’’? The same tone 
was at a somewhat later date assumed in the letter he 
wrote to Victor {mmanuel, urging him to put himself 


at the head of the movement for Italian unity, and 


promising republican support. As regards the events 
of 1859-60, however, it may be questioned whether, 
through his characteristic inability to distinguish be- 
tween the ideally perfect and the practically possible, 
he did not actually hinder more than he helped the 
course of events by which the realization of so much 
of the great dream of his life was at last brought 
about. As has been said elsewhere (vol. xili. p. 497), 
if Mazzini was the prophet of Italian unity, and Gari- 
baldi its knight errant, to Cavour alone belongs the 
honor of having been the statesman by whom it was 
finally accomplished. After the irresistible pressure 
of the popular movement had led to the establishment 
not of an Italian republic but of an Italian kingdom, 
Mazzini could honestly enough write, ‘SI too have 
striven to realize unity under a monarchieal flag,” but 
candor compelled him to add, ‘‘'The Italian people are 
led astray by a delusion at the present day, a delusion 
which has induced them to substitute material for 
moral unity and their own reorganization. Not so I. 
I bow my head sorrowfully to the sovereignty of the 
national will; but monarchy will never number me 
amongst its servants or followers.’’? In 1865, by way 
of protest against the still uncancelled sentence of 
death under which he lay, Mazzini was elected by 
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Messina as delegate to the Italian parliament, but, 
feeling himself unable to take the oath of allegiance 
to the monarchy, he never took his seat. In the fol- 
lowing year, when a general amnesty was granted after 
the cession of Venice to Italy, the sentence of death 
was at last removed, but he declined to accept such an 
“offer of oblivion and pardon for having loved Italy 
above all earthly things.” In May, 1869, he was 
again expelled from Switzerland at the instance of the 
Italian Government for having conspired with Cari- 
baldi; after a few months spent in England he set out 
(1870) for Sicily, but was promptly arrested at sea and 
carried to Gaeta, where he was imprisoned for two 
months. HEvents soon made it evident that there was 
little danger to fear from the contemplated rising, and 
the occasion of the birth of a prince was seized for 
restoring him to liberty. 'The remainder of his life, 
spent partly in London and partly at Lugano, presents 
no noteworthy incidents. lor some time his health 
had been far from satisfactory, but the immediate 
cause of his death was an attack of pleurisy with which 
he was seized at Pisa, and which terminated fatally on 
March 10, 1872. The Italian parliament by a unani- 
mous vote expressed the national sorrow with which 
the tidings of his death had been received, the presi- 
dent pronouncing an eloquent eulogy on the departed 
patriot as a model of disinterestedness and self-denial, 
and one who had dedicated his whole life ungrudgingly 
to the cause of his country’s freedom. A public funeral 
took place at Pisa on March 14, and the remains were 
afterwards conveyed to Genoa. 

The published writings of Mazzini, mostly occasional, 
are very voluminous, and have nowhere been exhaustively 
collected. The fullest edition of them is that begun by 
himself and continued by Satti (Scritti editi e inediti di Giu- 
seppe Mazzini, 10 vols., 1861-80); many of the most impor- 
tant are found in the partially autobiographical work al- 
ready referred to (Life and Writings of Joseph Mazzini, 6 
vols., 1864-70), and the two most systematic—-“ Thoughts 
upon Democracy in Europe,” a remarkable series of criti- 
cisms on Benthamism, St.-Simonianism, Fourierism, and 
other economic and socialistic schools of the day, and the 
treatise “On the Duties of Man,’ an admirable primer of 
ethics, dedicated to the Italian working class—will be found 
in a volume entitled Joseph Mazzini, a Memoir, by Mrs. E. A. 
Venturi (Lundon, 1875). Mazzini’s “ first great sacrifice,” he 
tells us, was “the renunciation of the career of literature 
for the more direct path of political action,” and as late as 
1861 we find him still recurring to the long-cherished hope 
of being able to leave the stormy arena of politics and con- 
secrate the last years of his life to the dream of his youth. 
He had specially contemplated three considerable literary 
undertakings,—a volume of Thoughts on Religion, a popular 
History of Italy, to enable the working classes to apprehend 
what he conceived to be the “mission” of Italy in God’s 
pYovidential ordering of the world, and a comprehensive 
collection of translations of ancient and modern classics 
into Italian. None of these was actually achieved. No 
one, however, can read even the briefest and most occa- 
sional writing of Mazzini without gaining some impression 
of the simple grandeur of the man, the lofty eleyation of 
his moral tone, his unwavering faith in the living God, 
who is ever reyealing Himself in the progressive develop- 
mentof humanity. His last public utterance is to be found 
in a highly characteristic article on Renan’s Réforme Morale 
et Intellectwelle, finished on March 3, 1872, and published in 
the Lortnightly Review for February, 1874. (J. S. BL.) 


MAZZOLA. See PARMIGIANO. 

MEAD, Ricwarp (1673-1754), physician, was born 
on August 11, 1673, at Stepney (near London), where 
his father, at one time minister of the parish, had 
been ejected for nonconformity in 1662. He was sent 
to Utrecht, where he studied for three years under 
Greevius; having decided to follow the medical  pro- 
fession. he then went to Leyden and attended the 
lectures of Hermann and Pitcairn. In 1695 he grad- 
uated in philosophy and physic at Padua, and in the 
following year he returned to his native place, entering 
at once on a successful practice. His Mechanical 
Account of Poisons appeared in 1702, and in 1703 he 
was admitted to the Royal Society, to whose 7rans- 
actions he contributed in that year a paper on the 
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parasitic nature of scabies. In the same year he was 
also elected physician to St. Thomas's Hospital, and 
appointed to read anatomical lectures at the Surgeon's 
Hall. On the death of Radeliffe in 1714 Mead became 
the recognized head of his profession; he attended 
Queen Anne on her death-bed, and in 1727 was ap- 
pointed physician to George IL, having previously 
served him in that capacity when he was prince of 
Wales. Hedied on February 16,1754. For his place 
in the annals of medical science see MEDICINE, p. 821 
of the present volume. 

Besides the Mechanical Account of Poisons, of which a 
second edition appeared in 1708, Mead published a treatise 
De Imperio Solis et Lunwe in Corpora Humana et Morbis inde 
Oriundis (1704), A Short Discowrse concerning Pestilential Con- 
tagion, and the Method to be used to prevent it (1720), De Vari- 
olis et Morbillis Dissertatio (1747), Medicu Sacra, sive de Morbis 
insignioribus qui in Bibliis memorantur Commentarius (1748), 
On the Scurvy (1749), and Monita et Precepta Medica (1751). 
A Life of Mead by Dr. Maty appeared in 1755, 


MEADVILLE, a city of the United States, county 
seat of Crawford county, Pennsylvania, on the lett 
bank of French Creek, a tributary of the Alleghany 
river, and at the junction of the Franklin branch with 
the main line of the New York, Pennsylvania, and Ohio 
Railroad, 102 miles from Salamanea. It is a well-built 
town, maintains a large trade with the oil regions, and has 
railway and other machine works, glass works, woollen 
mills, and paper mills. The Meadville theological 
school was established by the Unitarians in 1844; and 
Allegheny College, opened in 1816 as a Presbyterian 
Church institution, has been carried on since 1833 by 
the Methodist Kpiseopal Church. Meadville was 
founded by General David Mead as a fortified post in 


1789. In 1816 it had only 400 inhabitants; but the 
number was 3702 in 1860, 7103 in 1870, and 8860 in 
1880. 


MEASLES (Morbilli, Rubeola ; German, Masern ; 
French, ougeole), an acute infectious disease occur- 
ring mostly in children. It appears to have been 
known from an early period in the history of medicine, 
mention being made of it in the writings of Rhazes 
and others of the Arabian physicians in the 10th cen- 
tury. For long, however, its specific nature was not 
recognized, and it was held to be a variety of small- 
pox. After the non-identity of these two diseases had 
ee established, measles and scarlet fever continued 
to be confounded with each other; and in the account 
given by Sydenham of epidemics of measles in London 
in 1670 and 1674 it is evident that even that accurate 
observer had not as yet clearly perceived their patho- 
logical distinction, although it would seem to have 
been made a century earlier by Ingrassias, a physician 
of Palermo. It is only within a comparatively recent 
period that measles has come to be universally re- 
garded as a distinct and independent malady. 

Like the other eruptive fevers (exanthemata), to 
which class of diseases measles belongs, its progress is 
marked by several stages more or less sharply defined. 

After the reception of the contagion into the system 
a period of incubation or latency precedes the develop- 
ment of the disease, during which scarcely any disturb- 
ance of the health is perceptible. ‘This period appears 
to vary in duration, but it may be stated as generally 
lasting for from ten to fourteen days, when it is fol- 
lowed by the invasion of the symptoms specially char- 
acteristic of measles. ‘These consist in the somewhat 
sudden onset of acute catarrh of the mucous mem- 
branes. Sneezing, accompanied with a watery discharge, 
sometimes bleeding, from the nose, redness and 
watering of the eyes, cough of a short, frequent, and 
noisy character, with little or no expectoration, hoarse- 
ness of the voice, and occasionally sickness and diar- 
rhoea, are the chief local phenomena of this stage, 
But along with these there is well-marked febrile dis- 
turbance, the temperature being elevated (102°-104° 
F.), and the pulse rapid, while headache, thirst, and 
restlessness are usually present to a greater or less 
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degree. In some instances, however, these initial symp- 
toms are so slight that they almost escape notice, and 
the child is allowed to associate with others at a time 
when, as will be afterwards seen, the contagion of the 
disease is most active. In rare cases, especially in 
young children, convulsions usher in, or occur in the 
course of this stage of invasion, which lasts as a rule 
for four or five days, the febrile symptoms, however, 
showing some tendency to undergo abatement after the 
second day. On the fourth or fifth day after the in- 
vasion, sometimes later, rarely earlier, the characteris- 
tic eruption appears on the skin, being first noticed on 
the brow, cheeks, chin, also behind the ears, and on the 
neck. It consists of small spots of a dusky red or 
crimson color, slightly elevated above the surface, at 
first isolated, but tending to become grouped together 
into patches of irregular, occasionally erescentic out- 
line, with portions of skin free from the eruption inter- 
vening. ‘he face acquires a swollen and bloated ap- 
pearance, which, taken along with the catarrh of the 
nostrils and eyes, is almost characteristic, and renders 
the diagnosis at this stage a matter of no difficulty. 
‘The eruption spreads downwards over the body and 
limbs, which are soon thickly studded with the red 
spots or patches. Sometimes these become confluent 
over a considerable surface, giving rise to a larger area 
of unifurm redness. ‘The rash continues to come out 
for two or three days, and then begins to fade in the 
order in which it first showed itself, namely, from above 
downwards. By the end of about a week after its first 
appearance scarcely any trace of the eruption remains 
beyond a faint staining of the skin. Occasionally 
during convalescence slight peeling of the epidermis 
takes place, but much less frequently and distinctly 
than is the case in scarlet fever. At the commence- 
ment of the eruptive stage the fever, catarrh, and 
other constitutional disturbance, which were present 
from the beginning, become aggravated, the tempera- 
ture often rising to 105° or more, and there is head- 
ache, thirst, furred tongue, and soreness of the throat, 
upon which red patches similar to those on the surface 
of the body may be observed. These symptoms usually 
decline as soon as the rash has attained its maximum, 
and often there occurs a sudden and extensive fall of 
temperature, indicating that the crisis of the disease 
has been reached. 

roceeds rapidly, the patient feeling perfectly well even 
baer the rash has faded from the skin. 

Measles may, however, occur in a very severe or 
malignant form, in which the symptoms throughout 
are of urgent character, the rash but feebly developed, 
and of dark purple hue, while there is great prostra- 
tion of strength, accompanied with intense catarrh of 
the respiratory or gastro-intestinal mucous membrane. 
Such cases, always of serious import, are happily rare, 
occurring mostly in circumstances of bad hygiene, both 
as regards the individual and his surroundings. On 
the other hand, cases of measles are often met with of 
so mild a form throughout that the patient can scarcely 
be persuaded to submit to treatment. 

Measles as a disease derives its chief importance in 
the view of medical men from the risk, by no means 
slight, of certain complications which are apt to arise 
‘during its course, more especially inflammatory affec- 
tions of the respiratory organs. ‘I'hese are most liable 
ito occur in the colder seasons of the year and in very 
young and delicate children. It has been already stated 
that irritation of the respiratory passages is one of the 
symptoms characteristic of measles, but that. this sub- 
sides with the decline of the eruption. Not unfre- 
quently, however, these symptoms, instead of abating, 
become aggravated, and bronchitis of the capillary 
‘form (sce BRONCHITIS), or pneumonia, generally of the 
\piffuse or lobular variety (see PNEUMONIA), impart a 
gravity to the case which it did not originally possess. 
‘By far the greater proportion of the mortality in 
measles is due to its complications, of which those 
Just mentioned are the most common, but which also 
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include inflammatory affections of the larynx, with at- 
tacks resembling croup, and also diarrhoea assuming a 
a dysenteric character. Or there may remain as direct 
results of the disease chronic ophthalmia, or discharge 
from the ears, with deafness, and occasionally a form 
of gangrene affecting the tissues of the mouth or cheeks 
and other parts of the body, leading to disfigurement 
and even endangering life. 

Apart, however, from those immediate risks, it de-_ 
serves to be borne in mind that in measles there ap- 
pears to be a tendency in many cases for the disease to 
leave behind a weakened and vulnerable condition of 
the general health, which may render children, pre- ~ 
viously robust, delicate and liable to chest complaints, 
and it is in not a few instances the precursor of some 
of those tubercular affections to which the period of 
childhood and youth is liable. 

These various effects or sequele of measles plainly 
indicate that although in itself a comparatively mild 
ailment, it cannot safely be regarded with indifference. 
Indeed itis doubtful whether any other disease of early 
life demands more careful watching as to its influence 
on the health. Happily many of those attending eyils 
now alluded tomay by proper management be averted. 

Measles is a disease of the earlier years of childhood. 
Like other infectious maladies, it is admittedly rare, 
though not unknown, in nurslings or infants under six 
months old. It is comparatively seldom met with in 
adults, but this is simply due to the fact that most per- 
sons have undergone an attack in early life, since, 
where this has not been the case, the old suffer equally 
with the young. All races of men appear liable to this 
disease, provided that which constitutes the essential 
factor in its origin and spread exists, namely, conta- 
gion. Some countries enjoy long immunity from out- 
breaks of measles, but it has frequently been found in 
such cases that when the contagion has once been in- 
troduced the disease extends with great rapidity and yir- 
ulence. This was shown in two well-known instances 
in recent times,—namely, the epidemic in the Faroe 
Islands in 1846, where, within six months after the arri- 
val of a single case of measles, more than three-fourths of 
the entire population were attacked and many perished ; 
and the similarly produced and still more destructive 
outbreak in Fiji in 1875, in which it was estimated 
that about one-fourth of the inhabitants were cut off 
by the disease within a period of about three months 
(see Fist). In both these cases the great mortality 
has been ascribed to the complications of the malady, 
specially induced by over-crowding, by insanitary sur- 
roundings, the absence of proper nourishment and 
nursing for the sick, and the utter prostration and 
terror of the people, rather than to any marked malig- 
nancy in the type of the disease.! Not a few authori- 
ties, however, while fully recognizing the baneful ef- 
fect of these unfavorable conditions, are yet disposed to 
hold that epidemics of this kind, when occurring in 
what might be termed a virgin soil, are apt to possess 
an innate severity. In many lands, such as the United 
Kingdom, measles is rarely absent, especially from 
large centres of population, where sporadic cases are 
found in greater or less number at all seasons. Hvery 
now and then epidemics arise from the extension of 
the disease among those members of a community 
who have not been in some measure protected by a 
previous attack. ‘here are few diseases so contagious 
as measles, and its rapid spread in epidemic outbreaks 
is no doubt due to the well-ascertained fact that con- 
tagion is most potent in the earlier stages, even before 
its real nature has been evinced by the characteristic 
appearances on theskin. Hence the difficulty of timely 
isolation, and the readiness with which the disease is 
spread in schools and families. There is little doubt 
too that the contagion may be carried from one place 
to another by persons themselves unaffected, as well 
as by clothing, ete., although its tenacity and activity 
in this respect is apparently much less marked than 

1 Transactions of the Epidemiological Society. London, 1877. 
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that of small-pox or scarlet fever. Of the nature of 
the infecting agent nothing certain is known. Recent 
investigations into the mode of origin of others of the 
acute infectious diseases, and the discovery in the 
blood and tissues in the case of some of them of lower 
forms of organic life (bacilli), which can be isolated 
and can by inoculation be made to communicate the 
particular malady to which they are related, give 
countenance to the opinion, now widely entertained, 
that the infecting principle of the exanthemata is of 
this nature. The subject, however, is still under in- 
vestigation, and more information is wanting before 
definite statements can be made. Second attacks of 
measles are occasionally observed, but they are rare. 

Treatment.—The treatment of measles embraces the 
preventive meastires to be adopted in the case of an 
outbreak by the isolation of the sick at as early a period 
as possible. Epidemics have often, especially in limited 
localities, been curtailed by such a precaution. In 
families with little house accommodation this measure 
is frequently, fur the reason already referred to regard- 
ing the communicable period of the disease, ineffectual ; 
nevertheless where practicable it ought to be tried, for 
it is a grave error needlessly to expose the healthy 
children in a family to the risk of infection under the 
idea that they must necessarily take the disease at some 
time or other. ‘The unaffected children should like- 
wise be kept from school for a time (probably about 
three weeks from the outbreak in the family would 
suffice if no other case occur in the interval), and all 
clothing in contact with the patientshould be subjected 
to disinfection or thorough washing. In extensive 
epidemics it is often desirable to close the schools of a 
locality for a time. As regards special treatment, in 
an ordinary case of measles little is required beyond 
what is necessary in febrile conditions generally. 
finement to bed in a somewhat darkened room, into 
which, however, air is freely admitted in such a man- 
ner as to avoid the risk of draughts, light nourishing 
liquid diet (soups, milk, ete.), and mild diaphoretic 
remedies such as the acetate of ammonia or ipeca- 
cuanha, are all that is necessary in the febrile stage. 
When the catarrhal symptoms are very severe, the hot 
bath or warm packing to the body generally or to the 
chest and throat afford relief, and the same measures 
may with advantage be adopted should the eruption be 
but feebly developed or tend to recede, and especially 
should convulsions set in. The serious chest compli- 
cations of measles are to be dealt with by those meas- 
ures applicable for the relief of the particular symp- 
toms (see BrRoncuitis, PNEumMoNrA). The inhala- 
tion of vapor and the use of the preparations of am- 
monia are of special efficacy. Diarrhoea is treated by 
the usual remedies, including carefully administered 
doses of Dover’s powder, chalk, ete. During conva- 
lescence the patient must be guarded from exposure to 
cold, and for a time after recovery the state of the 
health ought to be watched with the view of averting 
the evils, both local and constitutional, which but too 
often follow this disease. 

German Measles (Rotheln, or Epidemic Roseola) 
is a term applied to acontagious eruptive disorder hay- 
ing certain points of resemblance to measles, and, ac- 
cording to some observers, also to scarlet fever, but ex- 
hibiting its distinct individuality in the fact that it 
protects from neither of these diseases. It occurs most 
commonly in children, and is occasionally seen in ex- 
tensive epidemics. Beyond confinement to the house 
in the eruptivestage, which, from the slight symptoms 
experienced, is often difficult of accomplishment, no 
special treatment is called for. There is little doubt 
that the disease is often mistaken for true measles, 
and many of the alleged second attacks of the latter 
malady are probably eases of réthelu. The chief points 
of difference are the following :— 


1. The absence of distinct premonitory symptoms, the 
stage of invasion, which in measles is usually of four days’ 
duration, and accompanied with well-marked fever and 
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eatarrh, being in rétheln either wholly absent or exceed- 
ingly slight, enduring only for one day. 

2. The eruption of rétheln, which, although as regards 
its locality and manner of progress similar to measles, dif- 
fers somewhat in its appearance, the spots being of smaller 
size, paler color, and with less tendency to grouping in eres- 
centic patches. The rash attains its maximum in about 
one day, and quickly disappears. There is no accompany- 
ing increase of temperature in this stage as in measles. 

3. The milder character of the symptoms of rétheln 
throughout its whole course, and the absence of complica- 
tions and of liability to subsequent impairment of health 
such as have been seen to appertain to measles, 

(J. O, A.) 

MEASUREMENT. We propose in the first place 
to enter into some detail on the fundamental prin- 
ciples of the theory of measurement, and in doing so 
it will be necessary to sketch the very remarkable 
theory established by Riemann and other mathema- 
ticians as to the foundations of our geometrical know- 
ledge. 

livery system of geometrical measurement, as indeed 
the whole science of geometry itself, is founded on the 
«possibility of transferring a fixed figure from one part 
of space to another with unchanged form. We are so 
familiar with this process that we are apt not to realize 
its importance until very special attention has been 
directed to the subject. We therefore propose to make 
a logical examination of the nature of the assumptions 
involved in the possibility of moving a figure in space 
so that it shall undergo no alteration. We shall find 
that we require to postulate certain suppositions with 
regard to ahs nature of space and to the measurement 
of distances. 

It will facilitate the conception of this somewhat dif- 
ficult subject to consider the case of hypothetical rea- 


| soning beings which Sylvester described as being in- 


Con- | 


finitely attenuated bookworms confined to infinitely 
thin sheets of paper. We suppose such two-dimen- 
sional beings to be absolutely limited to a certain sur- 
face. They could have no conception of space except 
as of two dimensions. ‘The movement of a point would 
for them form a line, the movement of a line would 
form a surface. They could conduct their measure- 
ments and form their geometrical theories. They would 
be able to draw the shortest lines between two points, 
these lines being what we would call geodesics. ‘I'o 
these two-dimensioned geometers geodesics would pos- 
sess many of the attributes of straight lines in ordinary 
space. If the surface to which the beings were con- 
fined were actually a plane, then the geometry would 
be the same as our geometry. They would find that 
only one straight line could be drawn between two 
points, that through a point only one parallel to a given 
line could be drawn, and that the ends of a line would 
never meet even though the line be prolonged to infinity. 
We might also suppose that intelligent beings could 
exist on the surface of a sphere. heir straightest line 
between two points would be the are of the great circle 
joining those two points. They would also find that a 
second geodesic could be drawn joining the two points, 
this being of course the remaining part of the great 
circle. A curious exception would, however, be pre- 
sented by two points diametrically opposite. An in- 
finite number of geodesics can be drawn between these 
points and all those geodesics are of equal length. The 
axiom that there is one shortest line between two given 
points would thus not hold without exception. There 
would be no parallel lines known to the dwellers on the 
sphere. It would be found by them that every two 
geodesics must intersect, not only in one, but even in 
two points. The sum of the three angles of a triangle 
would for them not be constant. It would always be 
ereater than two right angles, and would increase with 
the area of the triangle. They would thus have no 
conception of similarity between two geometrical figures’ 
of different sizes. If two triangles be constructed 
which have their sides proportional, the angles of the 


larger triangle would be greater than the correspond- 
ing angles of the smaller triangle. 
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It is thus plain that the geometrical axioms of the | 
sphere-dwellers must be very different from those of 
the plane-dwellers. The different axioms depend upon 
the different kinds of space which they respectively in- 
habit, while their logical powers are identical. In one 
sense, however, the dwellers on the sphere and on the 
plane have an axiom in common. In each ease it will 

e possible for a figure to be moved about without altera- 
tion of its dimensions. A spherical triangle ean be 
moved on the surface of a sphere without distortion 
just as a plane triangle may be moved in a plane. 
he sphere-dwellers and the plane-dwellers would be 
equally able to apply the test of congruence. It is, 
however, possible to suppose reasoning beings confined 
to a space in which the translation of a rigid figure is 
impossible. ‘Take, for instance, the surface of an ellip- 
soid or even a spheroid such as the surface of the earth 
itself. A triangle drawn on the earth at the equator 
could not be transferred to the surface of the earth near 
the pole and still preserve all its sides and all its angles 
intact. 

If asurface admits of a figure being moved about 
thereon so as still to retain all its sides and all its angles 
unaltered, then that surface must possess certain special 
properties. It can be shown that, if a surface is to 
possess this property, a certain function known as the 

‘measure of curvature’’ is to be constant. The mea- 
sure of curvature is the reciprocal of the product of the 
greatest and least radii of curvature. We do not now 
enter into the proof, but it is sufficiently obvious that 
a sphere of which the radius is the geometric mean be- 
tween the greatest and least radii of curvature at each 
point will to a large extent osculate the surface, so that 
a portion of the surface in the neighborhood of the 
point will, generally speaking, have the same curva- 
ture as the sphere. If the sphere thus determined be 
the same at all the different points of the surface, then 
the curvature of the different parts of the surface will 
on the whole resemble that of the sphere, and there- 
fore we cannot be surprised that the surface possessing 
this property will admit the displacement of a rigid 
figure thereon without derangement of its form. 

Weare thus conducted toa kind of surface the geome- 
try of which is similar to that of the plane, but in 
which the axiom of parallels does not hold good. In 
this surface the radii of curvature at every point have 
opposite signs, so that the measure of curvature which 
is zero for the plane and positive for the sphere is 
negative for the surface now under consideration. 
This surface has been called the ‘‘ pseudosphere,”’ and 
its nature has been investigated by Beltrami.! In the 
geometry of two dimensions we can thus have either a 
plane or a sphere or a pseudosphere which are charac- 
terized by the property that a surface may be moved 
about in all directions without any change either in the 
lengths of its lines or in the magnitudes of the angles. 
The axiom which assumes that there is only one geo- 
desic connecting two points marks off the plane and 
the pseudosphere from the sphere. The axiom that 
only one parallel can be drawn through a given point 
to a given line marks off the plane from the pseudo- 
sphere. The geometry of Kuclid is thus specially char- 
acterized among all conceivable geometries of two 
dimensions by the following three axioms—(1) the 
mobility of rigid figures, (2) the single geodesic be- 
tween two points, (3) the existence of parallels. 

A very interesting account of this theory will be 
found in Clifford's Lectures and Essays, vol. i. p. 317. 
We shall follow to some extent the method employed 
by him in order to obtain an idea of the important con- 
ception which is called the ‘‘curvature of space.”’ 


1 Saggio di Interpretazione della Geometria non-Euclidea, Naples, 
1868; ‘* Teoria fondamentale degli sparii di curvatura constante,” 
Annuli di Matematica, ser. ii, tom, ii. pp. 232-55. Both papers have 
been translated into French by J. Houél (Annales Scientifiques 
de I Ecole Normale, tom, v, 1869), An exceedingly interesting ac- 
count of the whole subject will be found in Helmholtz, Popular 
Lectures on Scientific Subjects, translated by Atkinson, second series, 
London, 1881, pp. 27-71, 
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Suppose a geodesic be drawn on a surface of constant 
curvature. Then a piece of the surface adjoining this 
geodesic can be slid along the curve so as all the time 
to fit in close contact therewith. If the piece of sur- 
face be turned to the other side of the geodesic it will 
still fit along this side. A line possessing this pro- 
perty is called by Leibnitz a straight line. It can be 
easily shown that a geodesic drawn on a figure will also 
be a geodesic when the figure is transferred to any . 
other position. Suppose that the figure be divided 
into two parts A an if by the geodesic; then the part 
B can be moved round so as to lie upon A, and the | 
boundary lines of the two portions will be coincident. 
Now let the two parts while superposed be translated to 
any other position, then the piece B may be slid off 
and back to its original position with regard to A. It 
must still fit, because the whole figure might have been 
translated before the subdivision took place. It follows 
that the division between A and B having been a geo- 
desic in its original position will continue to be a geo- 
desie however the figure may be translated. 

In a similar way we obtain the conception of a plane. 
According to Leibnitz’s definition a plane is a surface 
such that if'a portion of the space contiguous thereto 
be slid along the surface it will continuously fit, and 
if the portion of space be transferred to the other side 
of the surface it will fit also. This definition has no 
meaning except we assume that the bodies may be 
translated in space without derangement of their di- 
mensions. From any point we can imagine a doubly 
infinite number of geodesics radiating in all directions; 
if a plane be drawn through the point, then all the 
geodesics touching the plane at that poimt form what 
may be called a ‘‘ geodesic surface.’’ It is shown that 
geodesic surfaces of this description can alone fulfil the 
conditions by which planes are to be defined. A doubly 
infinite number of geodesic surfaces can be drawn 
through every point. If a rigid body be divided into 
two parts by a geodesic plane, then no matter how the 
body be displaced the plane of section will still be geo- 
desic. The plane of section may be made to pass 
through any point, and the body may then be given 
such an aspect as shall cause the section to coincide 
with any geodesic¢ surface through the point, but this 
necessarily involves that the section shall fit each geo- 
desic surface, in other words, that all the geodesic sur- 
Saces shall have a constant curvature. 

The point which we have now gained is one of very 
great importance. In our ordinary conceptions of space 
the geodesic surfaces are of course our ordinary planes, 
and the common curvature they possess is zero, but 
the condition that rigid bodies shall be capable of 
translation with unaltered features does not require 
that the curvatures shall be zero, it merely requires 
that the curvatures shall be constant. If we add, 
however, the postulate of similarity, then the curva- 
tures must be zero. The postulate of similarity re- 
quires that it shall be possible to construct a figure on 
any scale and anywhere similar to a given figure. 
This practically includes the ordinary doctrine of par- 
allels. Lobatchewsky developed the system of geo- 
metry on the supposition that the space had a constant 
curvature different from zero. In this geometry the 
parallels can be drawn through a given point to a line, 
and, to quote Clifford— 


“The sum of the three angles of a triangle is less than 
two right angles by a quantity proportional to the area of 
the triangle. The whole of this geometry is worked out in 
the style of Euclid, and the most interesting conclusions 
are arrived at, particularly in the theory of solid space, in 
which a surface turns up which is not plane relatively to 
that space but which for the purpose of drawing figures 
upon it is identical with the Euclidean plane.” 


The most comprehensive mode of viewing the whole 
theory is that adopted by Riemann in his celebrated 
memoir ‘‘ Ueber die Hypothesen welche der Geometrie 
gu Grunde liegen,’’ 1854 (Abhandl. der kinigl. Gie- 
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sellsch. zu Gottingen, vol. xili.).' The analytical treat- 
- ment of this subject possesses one obvious advantage. 


The use of symbols only admits of deductions on purely | 


logical principles. There is not therefore the risk of 
tacitly introducing other axioms in addition to those 
with which we started. 

Magnitudes which have only one dimension present 
the theory of measurement in its simplest form. The 
length of a straight line may be taken as an illustration 
of a one-dimensioned magnitude. The velocity of a 
moving particle, the temperature of a heated body, the 
electric resistance of a metal, all these and many others 
are instances of one-dimensioned magnitude, the mea- 
sure of which is to be expressed by a single quantity. 
But there may be magnitudes which require more 
than a single measurement for their complete specifi- 
cation. ‘lake, for instance, a four-sided field which 
has been duly surveyed. Of what is the measurement 
of this field to consist? If the number of acres in the 
field be all that is required then the area is expressed 
by a simple reference to a number of nied acres. 
If, however, the entire circumstances of the field are 
to be brought into view, then a simple statement. of 
the area is not sufficient. It can be easily shown that 
the surveyor must ascertain five independent quantities 
before the details of the shape of the field can be ade- 
quately defined. Four of these quantities may natur- 
ally be the length of the four sides of the field, the fifth 
may be one of angles, or the area, or the length of one 
of the diagonals. Speaking generally, we may say that 
five distinct measurements will be necessary to define 
the field adequately. The actual choice of the parti- 
cular measurements to be made is to a great extent 
arbitrary. ‘The only condition absolutely necessary 
is that they shall be all independent and free from 
ambiguity. Once these five quantities are ascertained 
then all the other features of the figure are absolutely 
determined. Jor instance, the four sides and the dia- 
gonal being ascertained by measurement, then the 
other diagonal, the four angles, and the area can all 
be computed by calculation. The five quantities would 
determine everything about the field except its actual 
position on the surface of the earth. If we further 
desired to have the field exactly localized certain other 
quantities must be added. he latitude and the longi- 
tude of one specified corner of the field would com- 
pletely indicate that corner, while the azimuth of one 
side from that corner would complete the definition 
of its position. We are thus led to see that for the 
complete delineation of every circumstance relating to 
the shape of the field and its locality eight different 
measurements have been required. ‘Two sets of eight 
measurements differing in any particular can never in- 
dicate the same field. It is very important to notice 
that the nwmber of quantities required is quite inde- 
pendent of the particular nature of the measurements 
adopted. We might, for instance, have simply measured 
the latitude and longitude of each of the four corners 
of the field. Once these quantities are known then 
the shape of the field, its area, its angles, and its dia- 
gonals have all been implicitly determined. Here 
again we see that as two quantities are required to 
localize each of the four corners, so eight quantities 
will be required to fully determine the whole field. 

In the operations of analytical geometry we are 
accustomed to specify the position of a point by the 
yelation which it bears to certain fixed axés. By 
means of certain quantities, either altogether linear or 
partly linear and partly angular, we are enabled to 
specify the position of the point with absolute defi- 
niteness. ‘These quantities are called the co-ordinates 
of the point. In a similar though more extended 
sense we may use the word ‘‘co-ordinates’’ to express 


1 A translation of this paper was published by Clifford in Nature 
(vol. viii, Nos. 183, 184, pp. 14-17, 36,37), and has been reprinted in 
the collected edition of Clifford’s Works, 1882, pp. 55-69. For a 
bibliography of higher-space and non-Euclidean geometry, see 
articles by George Bruce Halsted in the American Journal of Mathe- 
matics Pure and Applied, i, 261-276, 384, 385; ii, 65-70, 
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the group of eight magnitudes which we have found 
to be adequate to the complete specification of the 
field. By the measurement of the field in the most 
complete sense of the term we mean the measurement 
of its eight co-ordinates. 

Suppose that an object is completely specified by 
co-ordinates, then every different group of » co-ordi- 
nates will specify a different object. The entire group 
of such objects will form what is called a continuously 
extended manifoldness. The singly extended manifold- 
ness may be most conveniently illustrated by the con- 
ception of time, the various epochs of which are the 
elements in the manifoldness. Space is a triply ex- 
tended manifoldness whereof the elements are points. 
All conceivable spheres form a quadruply extended man- 
ifoldness. All conceivable triangles in space form a 
manifoldness of nine dimensions. The number of co- 
ordinates required to specify the position of an element 
in a manifoldness is thus equal to the order of the 
manifoldness itself. It is important to observe that 
the elements of the manifoldness may be themselves 
objects of no little complexity. Thus, for instance, 
the conics forming a confocal group constitute the ele- 
ments of a singly extended manifoldness. 

The essential feature of a singly extended manifold- 
ness is that a continuous progress of an element can 
take place only in two directions, either forwards or 
backwards. But a singly extended manifoldness may 
be regarded as itself an element in a manifoldness ofa 
higher order. Thus the points on a circle form a 
singly extended manifoldness, while the circle itself is 
one clement of the manifoldness which consists of a 
series of concentric circles. The system of concentric 
circles may in like manner be regarded as an element 
in the manifoldness which embraces all systems. of 
concentric circles whose centres lie along a given line. 
Weare thus led to conceive of a multiply extended 
manifoldness as made up by the successive composi- 
tion of singly extended manifoldnesses. 

Tt follows from the conception of a manifoldness that 
in the case of a singly extended manifoldness the 
position of every element must be capable of being 
completely specified by a single quantity. It becomes 
natural to associate with each element of the manifold- 
ness a special numerical magnitude. These magni- 
tudes may vary from -« to-+-«; to each magnitude 
will correspond one element of the manifoldness, 
and conversely each element of the manifoldness is 
completely specified whenever the appropriate number 
has been assigned. It is quite possible to have this 
association of numerical magnitude with the actual 
position of an element independent of any ordinary 
metrical relations of the system; it will, however, 
most usually be found that the numerical magnitudes 
chosen are such as admit of direct interpretations for 
the particular manifoldness under consideration. Thus, 
for instance, in the case of the system of concentric 
circles it will be natural to associate with each cirele its 
radius, and the position of each circle in the manifold- 
ness will thus be completely defined by the radius. So 
also in the case of that singly extended manifoldness 
which consists of colors, it will be natural to employ as 
the number which specifies each particular color the 
wave-length to which that particular color corresponds. 

If the elements of such a manifoldness can receive a sim- 
ultaneous displacement, then it is plain that to each element 
in the original position will correspond an element in the 
second position. Let « and ybe the numerical magnitudes 
correlated to these two elements. Then, since the relation 
must be of the one-to-one type, it is necessary that the 
magnitudes # and y must be connected by an equation of 


the type 

axy + bx + cy+-d=0 
Tt follows from this that there are a pair of elements which 
are common to both systems, for if wy we have the 


equation 
ax® +-(b-+-c)a+d=0. 
The original equation may be written in the form .- 


axy + (b-w)x-+ (e+ w)y+ d=0, 
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and whatever value » may have this equation will lead to 
the same quadratic for the two commonelements. We thus 
have a singly infinite number of displacements which are 
compatible with the condition that the two tundamental 
elements shall remain unaltered, and it is displacements of 
this kind which express the movements of a rigid system. 


The position of a point is to be defined by three co- 
ordinates. In our ordinary conception of coordinates 
the position of the point is defined by certain measure- 
ments, and thus it would seem that the very mention 
of coordinates had already presupposed the idea of 
distance. ‘This, however, need not be the case. We 
can assume a point in space to be completely defined 
by three purely numerical quantities. It will be sup- 
posed that to each group of three coordinates corre- 
sponds one point, and that conversely to one point will 
correspond three coordinates and no ambiguity is to be 
present. This latter consideration will exclude from 


our present view such cases as those where the position | 


of a point is defined by a line and two angles, because 
angles are subject to a well-known ambiguity amount- 
ing to any even multiple of z. In this case it would 
not be true that to one point corresponds one set of co- 
ordinates, although the converse may be correct. 

It is necessary to understand clearly the nature of 
the suppositions which are made with regard to space 
by this assumption. Let a, y, z and a’, y’, 2 be the 
coordinates of two points aanda’. Nowa, y, 2 can 
change continuously by any law into a’, y’, 2. Hach 
intermediate stage will give the coordinates of a point. 
It must thus be possible to pass continuously in an 
infinite number of ways from the point a to the point 
a. We thus assume that space is continuous when 
we have assumed that its points are represented by co- 
ordinates. It must be observed that we predicate 
nothing as to space which is not involved in the fact that 
to each point corresponds one group of three coordi- 
nates. ‘I’o some extent the considerations now before 


us will apply to any other continuous manifoldness | 


which requires three coordinates for the complete 
specification of its elements. Take, for instance, a 
musical note. It can be specified accurately by its 
pitch, intensity, and timbre. These three quantities 
may be regarded as the three coordinates which will 
discriminate one sound from the rest. The manifold- 
ness comprising all musical notes is, however, very dif 
ferent from the manifoldness which embraces all the 
points of space. 
doubt continuous, and each of them is of three dimen- 
sions, but the conception of distance can have no place 
in the musical manifoldness. ‘his is due to the ab- 
sence from musical manifoldness of anything parallel 
with the conception of rigidity in the space manifold- 
ness. These remarks will show that the conception of 
‘*distance’’ is something of a special type even in a 
three-dimension continuous manifolduess. 

There are also other three-dimensioned and continu- 
ous manifoldnesses from which the conception of’ dis- 
tance is alsoabsent. Take, for instance, the manifold- 
ness which embraces all the circles that can lie in a 
given plane. The points of such a manifoldness are 
the circles. It is three-dimensioned, for two coordi- 
nates will be required for the centre of each circle and 
one for its radius. It is obviously a continuous mani- 
foldness, for one circle may by infinitely graduated 
modifications pass into any other. Yet from this 
manifoldness also the conception of distance is absent. 
There is no intelligible relation of one circle to another 
which is analogous to the distance which we require to 
determine. 

We shall now give the investigation of Helmholtz, 
by which the analytical form of the function express- 
ing the distance is to be ascertained (Gttingen Nach- 
richten, 1868, pp. 193 sq.). 

It must be remembered that our definition of a 
point will be purely analytical. Suppose three dif- 
ferent. scales of pure quantity each extending from 
-«to+. Hach of these scales is perfectly con- 


Hach of these manifoldnesses is no | 
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tinuous, so that, no matter how close any two elements 
in the scale may be, it is always possible to conceive 
the insertion of an infinite number of intermediate 
elements. A point is to be defined for our present 
purpose as a group of three numerical magnitudes 
taken one from each of the three scales. This concep- 
tion may be stated more generally. We can conceive 
n different numerical scales. ‘Then a group of n 
numbers, one from each scale, will define an element 
of a continuous n-fold manifoldness. 

It will be obvious that unless the theory of distance 
possess a special character it will not be possible for a 
rigid body to exist. ‘Take, for instance, five points in 
a rigid body ABCDE. ‘There are ten different pairs 
of points and ten corresponding distances; all these 
ten distances must remain unchanged when the body 
is displaced. We may assume the position of A arbi- 
trarily. Then after the displacement B must be placed 
at the right distance from A, but will only be limited 
by this condition to a certain surface, C must be placed 
at the right distance from A and from B, thus C will 
be limited to a certain curve. D must be placed at 
the proper distances from A, from B, and from C. 
These conditions will be sufficient to define D with 
complete definiteness. In the same way EK will be 
completely defined by its distances from A, B, and C, 
but as D and Ki are thus fully defined we have no 
guarantee that the distance DE shall retain, after the 
translation, the same yalue which it had before. ‘This 
then indicates that the function which is to express 
the distance must have a very special form. Any 
arbitrary function of the six coordinates of the two 
points would in general not fulfil the condition that 
the distance DK after the transformation will retain 
the same value as it had before. IPf a greater number 
of points than five be taken, the conditions which a 
rigid system must fulfil become still more numerous. 


Let 2, y, z be the coordinates of a point in a rigid body 
free to rotate around a point. We shall assume that 2, y, 2 
is in the vicinity of the fixed point, and that the displace- 
ment of the body is such that a second point remains un- 


_altered, In other words, the displacement is to be a rotation 


| point will be restored to its original position. 


around a line joining the two points, and we shall also 
assume that when this rotation has been completed every 
Let 7 be the 
angle of rotation around the axis, then a, y, 2 will all be 
functions of n, and we may assume that the following 
equations will hold— 


dx 
dy t+ boy + 


dy 


y 
Ped + by + az 


dz 
ay + boy + ez. 


In the first place it is plain that these differential coeffi- 
cients must be functions of «, y, z, and, these functions 
being expanded in ascending powers, we may omit all 
powers above the first. It will also be obvious that the 
absolute terms must be zero as the origin is by hypothesis 
to be a fixed point. As the displacement is a rotation, it 
follows that the differential coefficients must be zero for 
certain values of «, y, 2 different from zero, but this in- 
volves the condition 


am , bo , Co 0. 


Gli C1 

aa, bo , ce 
We now proceed to solve the three linear differential 
equations by the well-known process. If we multiply the 


three equations by l, m, n respectively, and if we determine 
1, m, n so that 


Th =lay + mar + nag 
mh = Ibo BE mb, + nbz 
nh = Ieg q- me1 =- C2, 


where h is another constant determined by the equation 


A-h, a » a = 0, 
bo , di-h , be 
% 741 , ca-h 
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the differential equations then give 


< (la + my +- nz) =h (la-+ my-+ nz). 


whence la +- my +-nz= Ce”, 


We have already seen that one of the values of h must be 
zero, whence if the other values be hi and hz we have the 
three equations 

Tnx ++- moy + oz = A 
ha + my + mz= Ber" 
lox +- may +- Nez = Ce", 

It is plain that hi and he cannot be real quantities, for 
then the quantities ha —+-my + mz and ha + my + nz could 
attain any values from — » to + o according to the varia- 


tions in 7. If i and hz are imaginary then will also the 
corresponding values of 1, m, n be i imaginary. We therefore 
write 

1) wt ho=0 - wi 

h=Aa-+ At lg = og -— Art 

mi = po + pat M2 = jlo — pat 

m1 = V9 -}- it 2 = V9 — 14 
so that dow + miy + voz = Ae” cos (wy +c) 


Ma + ay + z= Ae™” 
in which case we have 


(doe ++ poy + »92)? + One my + iz)? = Aen, 
But it is plain that unless 6 be zero the left-hand side of 
this equation will be susceptible of indefinite increase, 
which is contrary to our hypothesis. We are therefore en- 
titled to assume that 40. The two roots of the cubic for 
h must, therefore, be pure imaginaries, and thus we have 


the condition 
a + bi + c2 =0, 


Finally we have for the determination of x, y, z the follow- 
ing three, ae, — 


sin (wy-¢) ; 


moy -+ noz = const. 
~ Hoy 1 ¥o% = A cos (wy + 0) 
Ma ++ pay --v1z =A sin (wy-+e). 


It will simplify the subsequent calculations if we now 
make such a transformation of the co-ordinates as will en- 


able us to write 
aa lox +- moy 
= Sea Hoy 
Ne 


= ee pay 
We shall then have from the results just obtained 

ax 
dn ~~ y 
dY 
Gece ee 
aZ 
dy = te 


The movement corresponding to 7 is such as leaves unaltered 
all points of which the Y and the Z are equal to zero. 

Let us now suppose another displacement to be given to 
the system by a rotation 7’ about another axis so chosen 


that all the points for which X =0and Z—0O shall remain 
unaltered. For this condition to be fulfilled we must have 
the equation _ 


dn! =X +0 + 9% 
dy 
Idq =X +0 + nZ 
aZ 
Gh =X HOF 12Z, 


for then each side of these equations will be equal to zero 
for points which make X and Z zero. The condition that 
the roots of h shall be purely imaginary gives us 


M+ v2 = 0. 
If the body receives both the rotation 7 and the rotation 
n' then the joint effect of these two rotations must be equal 
to that of a single rotation ¢, so that 


aX _ aX | aX 
db ~ adn oe 
wea 1 a, 
dp dn +4 a . 
ah _ ah ah. 
dp dn dn!’ 
or uniting the two sets of equations we have 
ax 
=~ = aX +0-+ 0% 


dp ~~ 


663 
ay 


dp 
a7, 


Wp eX oY + 2% 


As this movement must also be a rotation, the three right 
hand members must be capable of being rendered zero for 
certain values of X, Y, Z, and therefore we have (remem 
bering that a -—+- v2 = 0) 


=mX+0+4+ (4 -w0)Z 


| a ,0, % =0. 
4 ,0,-o 
ay ,W,— a 
This condition reduces to 
wa(v¥1-w)-wayy,=0, 


or a 2 -L «(a1 — ar) ane 
This equation must be satisfied for every value of w; for, 
whatever be the amplitudes of the two rotations, they must 
when compounded be equal to a single rotation. We there- 
fore have the conditions 
a =0 

a%= 0, 
To satisfy the latter condition either a or vp) must be equal 
to zero. We must examine which of these two conditions 
is required by the problem. Since ay is equal to zero we 
have 


dX 

dn’ — Z 

dy 

Gy = x +Z 
dZ 

ay =a,X. 


If v were zero then the first equation would show X to 
be constant ; and the result would be that 


Y = a1 Xn +- 4427) Xn? + const. ; 
or, in other words, Y would be susceptible of indefinite in- 
crease with the increase of 7. The supposition »»—0 is 
therefore precluded, and we are forced to admit that a1 =0, 
The three equations then reduce to 


dX 

i VoL 
dY 

Pe Z 
dZ 
ae 


If the body receives a rotation n’’ about an axis which leaves 
X and Y unaltered, e then have 


x =foX+ oY + 0 
dY 

aa =fiX-+ mY-+0 
we ho =fAX+mY+0. 


The condition that the two roots of h shall be purely imag- 
inary gives us 
fot+n=0. 


Let this rotation and the first rotation be communicated _ 


together. The resulting rotation could haye been produced 
by a rotation x, and thus we have 

aX 

a. = = an Mi 

CRE NER ORS 

aay 1 anit dy!’ * 

aZ a dZ 

"EC naa) dy" * 


Substituting, we obtain as ikea 


dX 
dy = SoX+ gw +0 
TY 
« =fAX+ mY -o% 


= AX + (n+ 0)¥-+0; 


and as before the condition must be fulfilled 


So, go , O| =0; 
fi, n Oy Sores 
fz, mo, 0 


or, expanding, 
wfo(g2 +o) - ofrgo=0. 
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This can only be satisfied for all values of if f;,=0 and if 
fro = 0. 
To determine whether g, can be zero, we have the equations 
aX 
diam IX 
dY 
da!’ =fix. 
adZ 


Gq PX + HY. 


It can be shown that if go were zero then we should have 
Z capable of indefinite increase; and hence we see that fe 
must be zero, so that the three equations have the form 


dX 
dn! GX 
dY 
ant AX 
aZ 
dy" = gx 


Let us now see whether these equations will fulfil the 


necessary condition for a rotation Y. IRf 
qdX .dX., aX 
‘dy — dr’ Tayi 
dy _aY , a¥ 
dy ~ dn! | dy’ 
aZ aZ adZ 
ay ait Tan” 
we shall then have by substitution 
dX 
dy OT MY + 0% 
dY 
ay fAx+0-+nZ 
aZ 
Bam agX +mY-+0. 


But, if this is to represent a rotation, 


figs) + a2go14-0 . 


As this is always to be true, even suppose go, fi, and gz for 
instance were multiplied by a common factor, it is plain 
that we must have 

fige’9 =0 
and a2ggvi = 0. 

The first condition is to be satisfied by making gq: zero ; 
for neither of the other possible solutions is admissible if 
the coordinates are to be presented from indefinite increase. 
In a similar way the second condition requires that 71 must 
be zero. 

Resuming now the three groups of equations, they are as 
follows :— 


dX dX dX 
CENA oc clrok hc ce ee 
dY dy dY 
dni tig tate ine att 


Finally let us suppose that the body receives all three 
motions simultaneously. The resulting motion must still 
be a rotation, and thus we have the condition 


0 ; 905 % =0, 
fi 2 Ohare 
ag yo, 0 


which when expanded gives 


©(fir9 — 4290) « 
It is therefore necessary that 


firo— agp = 0. 


But, as this is homogeneous in the two component rotations 
involved, it does not follow that the separate terms of this 
equation must necessarily be zero. We satisfy this condi- 
tion by writing 
kfi =- 

and kag =- Yo. 

Let the body next receive any displacement, dn, én’, and 
Sn’ then we have in general 
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ONG dX dX 
6X = ihe. én ++ da! 5n! + dyin 
with similar equations for JY and dZ, 

By substitution these equations become 


6X = -— a2kZdn! —k fy Yon!" 
6Y = -— oZdn fiX6n" 
6Z=-++ wYdn + a2Xén’. 


If we multiply the first of these equations by X, the 
second by kY, and the third by kZ, and add, we find 


XdX + kYSY + kZIZ=0 
X?2-++ kY?-+-kZ? = const, 


Here we have attained the fundamental property which 
the coordinates must satisfy. If k be equal to unity then 
we have the well-known condition of ordinary space and * 
ordinary rectangular coordinates, but it will be seen that 
there is nothing in the preceding investigation to make 
it necessary that k should be unity. There are there- 
fore a singly infinite variety of spaces in which it is pos- 
sible for a rigid body to be displaced. The different values 
of k thus correspond to the different “curvatures” which 
a space might have while it still retained the fundamental 
property which is necessary for measurement by congru- 
ence. 


or 


It will now be proper to study the special character- 
istics of the space with which we are familiar. It has 
been called the flat space or homaloidal space to dis- 
tinguish it from other spaces in which the curvature is 
not zero. It is manifest that the characteristic fea- 
tures of our. space are not necessarily implied in the 
general notion of an extended quantity of three di- 
mensions and of the mobility of rigid figures therein. 
The characteristic features of our space are not neces- 
sities of thought, and the truth of Kuclid’s axioms, in 
so far as they specially differentiate our space from 
other conceivable spaces, must be established by ex- 
perience, and by experience only. 

The special feature of our space, by which it is dis- 
tinguished from spherical space on the one hand and 
pseudo-spherical space on the other hand, depends 
upon what Riemann calls the measure of curvature. 
If the sum of the three angles of a triangle is to be 
two right angles, and if the geometrical similarity of 
large figures and small figures is to be possible, then 
the measure of curvature must be zero. Now all 
measurements that can be made seem to confirm the 
axiom of parallels, and seem to show the measure of 
curvature of our space to be indistinguishable from 
ZrO. . 

It can be proved that the amount by which the 
three angles of a triangle would differ from two right 
angles in curved space depends upon the area of the 
triangle. The greater the area of the triangle the 
greater is the difference. ‘Io test the famous proposi- 
tion, Euclid i. 32, it will therefore not be sufficient to 
measure small triangles. It might be contended that 
in small triangles the difference between the sum of 
the three angles and two right angles was so small as 
to be inextricably mixed up with the unayoidable 
errors of measurement. Seeing therefore that small 
triangles obey the law, it is necessary to measure large 
triangles, and the largest triangles to which we have 
access are, of course, the triangles which the astrono- 
mers have found means of measuring. ‘The largest 
available triangles are those which have the diameter 
of the earth’s orbit as a base and a fixed star at the 
vertex. It is a very curious circumstance that the in- 
vestigations of annual parallax of the’ stars are pre- 
cisely the investigations which would be necessary to 
test whether one of these mighty triangles had the sum 
of its three angles equal to two right angles. It must 
be admitted that the parallax-seeking astronomers 
have never yet found any reason to think that there is 
any measurable difference. If there were-such a dif- 
ference it would probably be inextricably mixed up 
with the annual parallax itself. Were space really 
pseudo-spherical, then stars would exhibit a real paral- 
lax even if they were infinitely distant. Astronomer: 
have sometimes been puzzled by obtaining a negative 
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i anees as the result of their labors. No doubt this 
as generally or indeed always arisen from the errors 
which are inevitable in inquiries of this nature, but if 
space were really dirtyed then a negative parallax 
might result from observations which possessed math- 
ematical perfection. 

Tt must, however, be remembered that even the tri- 
angles of the parallax investigations are utterly insig- 
nificant when compared with the dimensions of space 
itself. IJdven the whole visible universe must be only 
an unconceivably small atom when viewed in its true 
relation to infinite space. It may well be that even 
with the parallax triangles our opportunities of testing 
the proposition are utterly inadequate to pronounce on 
the presence or absence of curvature in space. It must 
remain an open question whether if we had large 
enough triangles the sum of the three angles would 
still be two right angles. 

Helmholtz illustrates the subject by considering the 
representation of space which is obtained in a spherical 
mirror. A mirror of this kind represents the objects 
in front of it in apparently fixed positions behind the 
mirror. he images of the sun and of other distant 
objects will lie behind the mirror at a distance equal to 
dacioval length, or, to quote the description of Helm- 

101tz— 


“The image of a man measuring with a rule a straight 
line from the mirror would contract more and more the 
farther he went, but with his shrunken rule the man in 
the image would count out exactly the same number of 
centimetres as the real man. And in general all geometri- 
cal measurements of lines or angles made with regularly 
varying images of real instruments would yield exactly 
the same results as in the outer world. All congruent 
bodies would coincide on being applied to one another in 
the mirror as in the outer world. All lines of sight in the 
outer world would be represented by straight lines of sight 
in the mirror. In short I do not see how men in the mir- 
ror are to discover that their bodies are not rigid solids 
and their experiences good examples of the correctness of 
Euclid’s axioms. But if they could look out upon our 
world as we can look into theirs, without overstepping the 
boundary, they must declare it to be a picture in a spheri- 
cal mirror, and would speak of us just as we speak of them ; 
and if two inhabitants of the different worlds could com- 
municate with one another, neither so far as I can see 
would be able to convince the other that he had the true, 
the other the distorted relations. Indeed I cannot see that 
such a question would have any meaning at all so long as 
mechanical considerations are not mixed up with it.” 


A yery important contribution to this subject has 
been made by Professor Simon Newcomb, entitled 
“Wlementary Theorems Relating to the Geometry of 
a Space of Three Dimensions and of Uniform Positive 
Curvature in the Fourth Dimension,” see Jour. f. d. 
reine und angewandte Math., vol. \xxxiil., Berlin, 
1877. 


He commences by assuming the three following postu- 
lates :— 

1. “That space is triply extended, unbounded, without 
properties dependent either upon position or direction, and 
possessing such plameness in its smallest parts that both 
the postulates of the Euclidean geometry and our common 
conceptions of the relations of the parts of space are true 
for every indefinitely small region in space.” 

2. “That this space is affected with such curvature that 
aright line shall always return into itself at the end of a 
finite and real distance 2D without losing in any part of its 
course that symmetry with respect to space on all sides of 
it which constitutes the fundamental property of our con- 
ception of it.” 

3. “That if two right lines emanate from the same point 
making the indefinitely small angle « with each other, 
their distance apart at the distance r from the point of in- 
tersection will be given by the equation 

20D in 7 
8= sin 5. 

Neweomb also assumes that two straight lines intersect 
only in asingle point. He defines a “complete right line” 
as one returning into itself, as supposed in postulate 2. 
Any small portion of it is to be conceived as a Euclidean 
right line. The locus of all complete right lines passing 


” 
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through the same point and touching a Euclidean plane 
through that point will be called a ‘‘ complete plane.” 

A “region” will mean any indefinitely small portion of 
space in which we are to conceive of the Euclidean geom- 
etry as holding true. 

Newcomb then proceeds to demonstrate the following 
propositions: i 

I. All complete right lines are of the same length 2D, 
Hence D is the greatest possible distance at which the 
points can be situated, it being supposed that the distance 
is measured on the line of least absolute length. 

II. The complete plane is a Euclidean plane in every re- 
gion of its extent. 

III. Every system of right lines passing through a com- 
mon point A and making an indefinitely small angle with 
each other, are parallel to each other in the region of A’ at 
distance D. 

IY. If a system of right lines pass in the same plane 
through A the locus of their most distant points will bea 
complete right line. 

V. The locus of all the points at distance D from a fixed 
point A is a complete plane, and indeed a double plane if we 
consider as distinct the coincident surfaces in which the 
two opposite lines meet. 

VI. Conversely, all right lines perpendicular to the same 
complete plane meet ina point at the distance D on each side 
of the plane. 

VII. For every complete right line there is a conjugate 
complete right line such that every point of the one is at 
distance D from every point of the other. 

VIII. Any two planes in space haveas a common perpen- 
dicular the right line joining their poles, and intersect each 
other in the conjugate to that right line. 

IX. If a system of right lines pass through a point, 
their conjugates will be in the polar plane of that point. 
If they also be in the same plane the conjugates will all 
pass through the pole of that plane. 

X. The relation between the sides a, b, ¢ of a plane tri- 
angle in curved space and their opposite angles A, B, C 
will be the same as in a Euclidean spherical triangle of 
ar bx ez 
2D’ 2D’ 2D 

XI. Space is finite, and its total volume admits of being 
definitely expressed by a number of Euclidean solid units 
which is a function of D. 


which the corresponding sides are 


ia a . 8D* 
XII. The total volume of space is 3 


XIII. The two sides of a complete plane are not distinct, 
as in a Euclidean surface. 

XIV. If moving along a right line we erect an indefinite 
series of perpendiculars, each in the same Euclidean plane 
with the one which precedes it, then on completing the line 
and returning toour starting-point, the perpendiculars will 
be found pointing in a direction the opposite of that with 
which we started. 

Newcomb concludes thus: “ Itmay be also remarked that 


| there is nothing within our experience which will justify a 


denial of the possibility that the space in which we find 
ourselves may be curved in the manner here supposed. It 
might be claimed that the distance of the farthest visible 
star is but a small fraction of the greatest distance D, but 
nothing more. The subjective impossibility of conceiving 
of the relation of the most distant points in such a space, 
does not render its existence incredible. In fact our diffi- 
culty is not unlike that which must have been felt by the 
first man to whom the idea of sphericity of the earth was 
suggested in conceiving how, by travelling in a constant 
direction he could return to the point from which he started 
without during his journey feeling any sensible change in 
the direction of gravity.” 

A sketch of the non-Euclidean geometry is given by Pro- 
fessor G. Chrystal in the Proc. Roy. Soc. Edin., vol. x., session 
1879-80. The study of this paper is recommended to all 
who desire to study the elements of what has been called 
“pangeometry.” A more extensive work, which contains 
the theories of Riemann and Helmholtz, is J. Frischauf’s 
Elemente der absoluten Geometrie, Leipsic, 1876. 


A fundamental step in the abstract theory of mea- 
surement was taken by Professor Cayley in his ‘‘ Sixth 
Memoir upon Quantities,’ Philosophical Transactions, 
vol. exlix. (1859), The theory thus originated by Cayley 
has been more fully developed by Klein in his memoir 
‘Ueber die nicht-Euclidische geometrie,’’ J/athema- 
tische Annalen, vol. iv. p. 573. We shall here enter 
into this theory in some detail, for in it lies the true 
foundation of geometrical measurement. A sketch of 
the theory was given by the author of the present 
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article in Hermathena, Nc. vi-;pp. 500-541, Dublin, 
1879. 

This theory may be regarded merely as a more general- 
ized method of measuring distances and angles in ordi- 
nary space, but the results to which it leads are in 


many respects identical with those to which we are | 


conducted by the theory just discussed. For instance, 
Newcomb’s principle as to the length of the shortest 
distance between two points never exceeding a certain 
magnitude is common to his theory and to Cayley’s. 
The theory of Cayley has, however, claims on our at- 
tention of a special kind. We heredeal with the space 
with which Huclid has made us familiar, only observing 
that it is the measurements in that space which are to 
be conducted on a more general principle. 

We commence by assuming the existence of a certain 
surface called the ‘‘ fundamental quadric,”’ often called 
‘‘the absolute.’’ By the aid of this quadric and an 
arbitrary constant ¢ we determine the generalized dis- 
tance between the pointsin accordance with the follow- 
ing definition: Zhe distance between two points ts equal 
to ¢ times the logarithm of the anharmonic ratio in 
which the line joining the two points is divided by the 
Sundamental quadric. 

Let us first test this theory by a very obvious principle 
which any theory of distance ought to fulfil. It is plain 
that, if P, Q, R be three collinear points, then in ordinary 
measurement we ought to have 


PQ + QR = PR; 


but it is easy to see that this condition is fulfilled in the 
generalized measurement. Let the line PQ ent the funda- 
mental quadric in the two points X, Y, then we have 


PQ =c log(PX + PY) -c log (QX + QY) 
QR = ¢ log (QX + QY) -c log (RX + RY) 
PR =c log(PX + PY)-clog(RX + RY); 


whence, as in the ordinary measures, 


PQ + QR = PR. 
It is also obvious that/in the generalized as in the ordinary 
measures 
(PQ) = - (QP), 


and that the distance between the coincident points, is equal 
to zero. 

From an obvious property of logarithms we also learn the 
important fact that the generalized distance between the 
points is indeterminate to the extent of any integral num- 
ber of the periods 2ciz. 

The distance from any point to its harmonic conjugate 
with respect to the two fundamental points is equal to ciz. 
We thus see that the distance between any two harmonic 
conjugates is constant. It is usual to make the arbitrary 
constant ¢ equal to —i-+ 2, in which case we see that the dis- 
tance between the two harmonic conjugates is equal to 7 + 2. 
It can also be shown that, if the two absolute points on a 
right line coalesce, then the generalized system of measure- 
ment degrades to the ordinary system. The two absolute 
points are at an infinite distance from every other point, 
so that in the generalized system of measurement every 
right line has two points at infinity, and in general all 
the points in space which lie at infinity are situated on 
the fundamental quadric. 

In ordinary geometry we define a circle to be the locus 
of a point which isata constant distance from a given point. 
In the more generalized geometry we retain the same defi- 
nition of the circle, only observing that the distance to be 
constant must be expressed in the generalized manner. 
The plane of course cuts the absolute in a conic section, so 
that the determination of the circle whose centre is C is the 
following problem in conic sections: Through a fixed point 
O astraight line OP is drawn which cuts a given conic in 
the points X, Y; determine the locus of P so that the an- 
harnionie ratio (O, P, X, Y) shall remain constant. 

This problem is most readily solved by projecting the 
conicinto a circle the centre of which is the projection of O. 
The problem then assumes the very simple form. On the 
diameter of a fixed circle a point P’ is taken so that the an- 
harmonic ratio of the four points consisting of P’, the centre 
QO’, and the two points in which the line O’P’ cuts the circle 
remains constant. It is required to find the locus of P’. 
The solution is obvious, and hence we learn that a conic 
which has double contact with the fundamental conic is a 
circle in the generalized sense, and the centre of that circle 
is the pole of the chord of contact. 


MEASUREMENT. 


A system of conics which have double contact with the 
fundamental conic in the same two points form a system 
of concentric circles, and the centre of the system is the 
pole of the chord of contact. We are accustomed in ordinary 
geometry to admit that every circle passes through the two 
imaginary circular points at infinity. This is the special- 
ized form of the general theorem which asserts that every 
circle has double contact with the fundamental conic. The 
two theorems indeed coincide if the fundamental conic de- 
grades to the infinity of ordinary measurement. 

A critical case is presented when the chord through O | 
coincides with either of the two tangents which may be 
drawn from O to the fundamental conic. The two funda- 
mental points then coincide, and hence the distance be- 
tween any two points on a tangent to the fundamental . 
conic is equal to zero. We have thus the curious result that 
in every system of concentric circles, including eyen the 
fundamental conic itself, the two points common to the sys- 
tem of circles are at the distance zero from the centre of the 
system. In fact the pair of tangents from the centre may 
be regarded as a conic haying double ‘contact with the fun- 
damental conic, and therefore forming one of the circles of 
the concentric system of which the radius is zero. 

The reader will at once perceive the analogy to a well- 
known phenomenon in ordinary geometry. The equation 
in rectangular coordinates 


a+ y?=0 


denotes either a circle of which the radius is zero or the pair 
of lines 


a-V —ly=0; 


in the latter case we are obliged to admit that the distance 
of any point on either of these lines from their intersection 
is equal to zero. 

We have now to consider the displacement of a rigid 
figure, and we shall for the present speak only of a plane 
movement. We shall first show that it is possible for a 
plane figure to receive such a displacement that the dis- 
tance between every two points in the figure after the dis- 
placement is equal to what it was before. 

Let x, y, 2 be the trilinear coordinates of a point ina 
plane, and suppose x’, 7’, 2’ are the coordinates of the posi- 
tion to which this point is transferred in accordance with 
the linear transformation 


wv’ ax +by + cz 
y' =a'x +b'y + cz 
a =alla2- bly c''2. 


There are in general three points in the plane which are 
not altered by this transformation; for, if we assume 


a'=pt, y'=py, z= Pe, 
we have for p the cubie equation 
a-p, 6 ye 0. 
a! . b’ =P ra 
a’ 4 bo” el p 
> 


The three values of p which satisfy this equation deter- 
mine the coordinates of the three points, It is natural to. 
take the sides of the triangle formed by these three points as 
the three lines of reference, in which case, if a, 8, y be con- 
stants, the system of equations assume the simple form 


x'=aZ , y'=Bby ; a'=y2. 


It is easily shown that four collinear points before the 
trausformation are collinear after the transformation, and 
that their anharmonic ratio is unaltered. 

This general form of linear transformation must be spe- 
cialized in order to represent the movement. As no finite 
movement can either bring a point to infinity or from in- 
finity, itis obvious that the displacement must be such as to 
leave the fundamental conic unaltered. It is easily seen that 
the specification of the transformation in its general form 
requires eight constants; viz., the ratios of the nine quan- 
tities a, b,c, a’, b’, c’, a’, b,c’. We may imagine five of 
these constants to be disposed of by the provision that the 
conic shall remain unaltered. There will stil] remain three 
disposable constants to give variety to the possible displace- 
ments. 

Although the fundamental conic will coincide with itself 
after the transformation, yet it generally happens that each 
point thereon will slide along the conie during the trans- 
formation. It is, however, very important to observe that 
there are two exceptions to this statement. 

Let O, A, B, C be four points upon the fundamental conic 
which by transformation move into the positions O’, A’, B’, 
C’. If OX be one of the double rays of the systems OA, 
OB, OC and OA’, OB’, OC’, and if we use the ordinary no- 
tation for anharmonic pencils, then we have 


0/4, Bi C, X) = 0-4", BG 
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But the anharmonic ratio subtended by four points on a 
conic at any fifth point is constant, whence 


OCAUIB. Cl ke) == Ol AN UB OLX) 
and therefore 
Oar Bx C, 3X) == O'( A’, BY Gr, ox), 


Suppose the transformation moved X to X’, then since 
the anharmonic ratio of a pencil is unaltered by transfor- 
mation we have 

O(A, B, C, X) = 0'(A’, B’, C’, X’); 
whence 

OME BS IO! X) = OVA BCX) 
but this can only be true if the rays O’X and O’X’ are coin- 
cident, in which case X and X’ are coincident, whence it 
follows the point X has remained unaltered notwithstand- 
ing the transformation. Similar reasoning applies to the 
point Y defined by the other double ray, and hence we have 
the following theorem :— 

In that linear transformation of the points in a plane which 
constitutes a generalized movement, there are two points upon the 
fundamental conic which remain unchanged. 

{t also follows that the tangents to the fundamental conic 
at the points X and Y, as well as the chord of contact, must 
remain unaltered. These two tangents and their chord of 
contact must therefore form the triangle of reference to 
which we were previously conducted by the general theory 
of this transformation. 

It will now easily appear how a transformation of this 
kind is really a displacement of a rigid plane. The distance 
between each pair of points is expressed by an anharmonic 
ratio; such ratios are unchanged by the transformation, 
and the two points which lay on the absolute originally are 
also there after the transformation. It therefore appears 
that the distance in the generalized sense between every 
pair of points is unchanged by the transformation. In 
other words, a rigid system will admit of a displacement 
of the kind now under consideration. 

If we denote the two tangents at the unaltered points on 
the conic by « = 0, y =0, and the chord of contact by z=0, 
then the equation to the absolute is 

-k?z227=0. 

Transforming this equation by the substitution 
Ce a A a a 
we see that the condition a8 = y? must be fulfilled. 

It is very remarkable that the fundamental conic is only 
one of a family of conics, each of which remains unaltered 
by the transformation. In fact every generalized circle of 
which the intersection of the two tangents is the centre 
has for its equation xy —h'z?; and, whatever h may be, this 
circle remains unaltered by the transformation. Hence we 
have the following remarkable theorem :— 

When a plune rigid system is displaced upon itself there is one 
point O of the system which remains unaltered, aitd all the circles 
which have O as their centre remain unalter ed also. 

It is quite natural to speak of this motion as a “rotation,” 
and thus we may assert the truth in generalized measure- 
ment of the well-known theorem in ordinary geometry 
that 

Every displacenent of @ plane upon itself could have been pro- 
duced by a rotation of the plane around a certain point in the 

lane. 

Notwithstanding the rotation of the plane round O, the 
two tangents from O to the fundamental conic and also 
their chord of intersection, or the polar of O, remain un- 
altered; each point on the polar of O is displaced along the 
polar, and we would in ordinary geometry call this motion 
a translation parallel to the polar. It thus appears that, in 
the sense now attributed to the words rotation and trans- 
lation, a rotation round a point is identical with a transla- 
tion along the polar of the point. 

Another point on which the present theory throws light 
_on the ordinary geometry must be here alluded to.. We 
have seen that the two tangents from O to the fundamental 
conic remain unchanged during the rotation of the plane 
round O. It certainly does seem paradoxical to assert that 
a plane and all it contains are rotated around a point, and 
that nevertheless this operation does not alter the position 
of a certain pair of lines in the plane which pass through 
the point, But have we not precisely the same difficulty 
in ordinary geometry? Let us suppose that a plane pencil 
.of rays is rotated through an angle @ about the origin. 
Then a line through the origin whose equation before the 
rotation was 

x + hy = 0 


becomes afhor the rotation 
wcosé + ysind + h(ycosd-xsiné) = 0. 
VoL. XV.—725 


— 
2’ =az, 
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The lines thus represented are of course in general differ- 
ent, but they will be the same if 


1+w=0. 


It follows that even in ordinary geometry the two lines 
x + iy = 0 remain unaltered notwithstanding the rotation 
of the plane which contains them around their intersection. 
The two lines here referred to are of course those which 
are drawn through the two circular points at infinity. 
This paradox is therefore only a degraded form of the 
property of the tangents to the fundamental conic, 

Itcan also be readily shown that, if a plane receive two 
small rotations round two points, then the total rotation produced 
could have been produced by a single rotation about a certain 
point on the line joining the two pornts. 

Let A, B be the two points and P the pole of the line 
AB, then a rotion round A will displace B along the line 
PB to an adjacent point B’. The rotation around B will 
displace A to A’ along the line PA; but, if A’B’ intersects 
AB in O, then a single rotation about O would have 
effected that required displacement of A and B, and there- 
fore of the whole line. For, as the point O in the line AB 
could only move by displacement into the line A’B’, while 
it can also only move in the direction OP, it must obviously 
remain unaltered, 

We are now in a position to inquire how the magnitude 
of an angle is to be expressed in the present system of 
measurement, Our definition of the magnitude of an angle 
must be made consistent with the supposition that when 
the angle is carried round by rotation about the vertex the 
magnitude shall remain unaltered, As anharmonic ratios 
are unaltered by the rotation, it follows that the anhar- 
monic ratio of the pencil formed by the two legs of the 
angle and the two tangents to the fundamental conic must 
remain unaltered. Remembering that the tangents do not 
move by the rotation, it is natural to choose a function of 
this anharmonic ratio as the appropriate measure of an 
angle. The question still remains as to what function 
should be chosen. The student of ordinary geometry is 
doubtless aware that the angle between two lines multi- 
plied into 27 is equal to the logarithm of the anharmonic 
ratio of the pencil formed by joining the intersection of 
the two lines to the two imaginary circular points at infin- 
ity. This consideration suggests that the angle between 
the straight lines in the generalized sense may be appro- 
priately measured by the logarithm of the anharmonic 
ratio of the pencil formed by the two legs of the angle and 
the two tangents drawn from their point of intersection 
to the fundamental conic. There is also a convenience in 
assuming the angle to be actually equal to ¢ times the loga- 
rithm of the anharmonic ratio, where ¢ is the same con- 
stant as is employed in the expression of the distance, In 
this case the angle between two lines is by a well-known 
theorem equal to the distance between their poles. There 
is here an analogy to a well-known theorem in spherical 
geometry. 

It will now be obvious that, however the angle be situa- 
ted, its magnitude is unchanged by any displacement of 
the plane; for, as we have already seen that the displace- 
ment does not alter the distance between the poles of the 
two lines forming the angle, it follows that the magnitude 
of the angle itself is unaltered. 

Just asin the measurement of distance we find a pair of 
fundamental points on each straight line, so in the mea- 
surement of angles we find a pair ‘of fundamental rays in 
each plane pencil. These rays are the two tangents from 
the vertex of the pencil to the fundamental conic. In 
ordinary geometry the two fundamental points on each 
straight line coalesce into the single point at infinity ; but 
it is exceedingly interesting to observe that even in ordi- 
nary geometry the two fundamental rays on each pencil 
do not coincide. It should also be observed that in the 
degraded circumstances of ordinary geometry it would be 
impracticable to employ the same constant ¢c for the pur- 
pose of both linear and angular measurement. 

It is easy to see that the definition of a right angle in 
the generalized sense is embodied in the statement that 
“if two corresponding legs of an harmonic pencil touch 
the fundamental conic then the two other legs are at right 
angles.’ We also see that all the perpendiculars to a given 
line pass through a point, @. e., the pole of the given line; 
and from a given point a perpendicular can be drawn to a 
given line by joining the point to a pole of the line. The 
common perpendicular to two lines is obtained by joining 
their poles. 

The student of modern geometry is already accustomed 
to think of parallel lines as lines which intersect at infin- 
ity, or as lines whose inclination is zero. In speaking of 
the generalized geometry in a plane, we may define that.two 
straight lines which intersect wpon the fundamental conic are 
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porallel. It thus follows that through any point two distinct 
parallels can be drawn to a given straight line. The only 
exception will arise in the case where the given line 
touches the fundamental conic. This is precisely the case 
in which the generalized system of measurement degrades 
to the ordinary system. It will follow that in the present 
theory of measurement the three angles of a triangle are 
together not equal to two right angles. In fact, to take an 
extreme case, we may suppose the three vertices of the 
triangle to lie upon the fundamental conic. In this case 
each of the three angles, and therefore their sum, is equal 
to zero. 

A sphere in the generalized system of measurement is the 
locus of a point which moves ata constant distance from a 
fixed point. It can therefore be easily shown that a sphere 
is a quadrie which touches the fundamental quadric along 
its intersection with the polar plane of the centre of the 
sphere. 

In discussing the general case of the displacement of a 
rigid system it will simplify matters to suppose that the 
fundamental quadric has real rectilinear generators. It 
must, however, be understood that the results are not on 
that account, less general. A displacement must not alter 
the quadric, and must not deform a straight line. Hence 
it follows that the only effect of a displacement upon a gen- 
erator of the fundamental quadrie will be to convey it to a 
position previously occupied by a different generator, 
shall further suppose that the displacement is such that the 
two generators to which we have referred belong to the 
same system. Let A, B, C, D be four generators of the first 
system which by displacement are brought to coincide with 
four other generators A’, B’,C’,D’. Let X be one generator 
of the second system which the displacement brings to X’. 
Since the anharmonic ratio of the four points in which four 
fixed generators of the one system are cut by any generator 
of the other system is constant, we must have, using an ob- 
vious notation for anharmonic ratio, 


X(ABCD) = X'(ABCD); 

but, since anharmonic ratios are unaltered by displacement, 
we have 

X(ABCD) = X"(A’/B’/C'D’), 

X’(ABCD) = X'(A’B/C’'D’). 
It therefore follows ‘that the anharmonic ratio in which 
four generators cut a fixed generator X’ is equal to the an- 
harmonic ratio in which the four generators after displace- 
ment cut the same generator X’. 

If P be a generator which passes through one of the 

double points on X’ determined by the two systems of points 


in which X’ is cut by the four generators before and after 
displacement, we must have 


X(A, B, C, P) = X’(A’, B’, C’, P); 


hence we see that the generator P will be unaltered by dis- 
placement. Similar reasoning applies to the generator 
which passes through the other double point, and of course 
to a pair of generators of the second system, and hence we 
have the following remarkable theorem :— 

In the most general displacement of a rigid system two gen- 
erators of each of the systems on the fundamental quadrie remain 
unaltered. 

These four fixed generators are the edges of a tetrahedron. 
ie de the four faces of this tetrahedron by the equa- 

ions 


whence 


2=0,y=0, z=0, w=0, 
the equation of the fundamental quadric is 
a2 +- heyw = 0. 
If the quadric be unaltered by the transformation 


w= ax, y'= py, 2'= yz, w= dw, 
then we must have 
ay = Bd, 


When this condition is satisfied, then, whatever h may be, 
every quadric of the family 


will remain unaltered. 

The family of quadrics here indicated are analogous to 
the right circular cylinders which have for a common axis 
the screw along which any displacement of a rigid body 
in ordinary space may be effected. 

The two lines 

a=0,2=0 
and 
y= 0, w= 0 


We | 
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are conjugate polars with respect to the fundamental quad- 
ric, and both these lines are unaltered by the displacement. 
Hence we see that in any displacement of a rigid system there 
are two right lines which remain unaltered, and these lines are con- 
jugate polars with respect to the fundamental quadric. 

Since the pole of a plane through one of these lines lies 
on the other line, it appears that a rotation of a rigid system 
about a straight line is identical with a translation of the system 
along its conjugate polar. 

Clifford has pointed out the real nature of the lines which 
are to be called parallel in the generalized system of mea- 
surement. We have explained that in the plane two parallel ° 
lines intersect upon the fundamental conic; in a certain 
sense also we may consider two lines in space of three di- 
mensions to be parallel whenever they intersect upon the 
fundamental quadric. This is the view of parallel lines to ~ 
which we are conducted by simply generalizing the property 
that two parallel lines intersect at inflnity. But we can 
take a different definition of two parallel lines. Let us, 
for example, call two lines parallel when they admit of an 
indefinitely large number of common perpendiculars. It is 
exceedingly interesting to observe that when this condition 
is fulfilled in the generalized system of measurement the 
parallel lines so obtained enjoy many of the properties 
of ordinary parallel lines. The perpendicular distance 
between such a pair of parallels is constant, and the 
angles which they make with any common transversal are 
equal, 

It will be shown in a moment that any pair of straight 
lines which intersect the same two generators of the same 
system on the fundamental quadrie are parallel in this 
newsense. The fact is that in the degraded circumstances 
of ordinary geometry two quite different conceptions have 
become confused. A pair of lines which intersect on the 
fundamental quadric and a pair of lines which intersect 
the same pair of generators of the same kind on the funda- 
mental quadrie are quite different conceptions; but when 
the fundamental quadric degrades to the ordinary infinity 
then the conceptions coalesce, and each of them is merely 
a pair of parallel lines in the ordinary sense of the word. 
The ordinary properties of parallel lines have all their 
analogues in the generalized geometry, but these ana- 
logues are distributed between the two original sources 
of parallels. Clifford proposes to retain the word “ parallel” 
in non-Euclidean space for that conception which exhib- 
its the more remarkable properties of ordinary space, and 
defines as follows :-— 

Straight lines which intersect the same two generators of th 
same system on the fundamental quadric are parallel. ; 

Let X and Y be two rectilinear generators of the funda- 
mental quadric belonging to the same system, and let A 
and B be two straight lines which intersect both X and Y. 
Since AX and AY are tangent planes their poles must lie 
on X and Y respectively, and therefore A’ (and B’), the 
polar of A (and B), must intersect both X and Y. The 
anharmonic ratio of the four points in which X intersects 
AB, A’'B’, respectively is equal to that of the tangent 
planes drawn at the points where X intersects A’B’, AB 
respectively ; and, as all these tangent planes contain X, 
their anharmonic ratio must be equal to that in which 
they are cut by the line Y. It hence follows that the lines 
X and Y are divided equianharmonically by the four rays 
A, B, A’, B’, and therefore the four rays A, B, A’, B’ must 
be all generators of the same system on an hyperboloid, 
An infinite number of transversals can therefore be drawn 
to intersect these four rays, that is to say, an infinite 
number of common perpendiculars can be drawn to the 
two rays A and B, and it is easy to show that the lengths of 
all these perpendiculars are equal. 

Clifford has proved the very remarkable theorem that 
rotations of equal amplitude about two conjugate polars 
have simply the effect of translating every point operated 
on through equal distances along parallel lines. This 
property leads to most important consequences, but it 
would lead us too far to enter into the subject at present. 

A memoir by the present writer on the extension of the 
theory of screws to space of this description will be found 
in the Transactions of the Royal Irish Academy, vol. xxvii. 
pp. 157-184. 


Units of Measwrement.—A most excellent account 
of the units employed in scientific measurements will 
be found in Professor J. D. Everett’s Units and 
Physical Constants, London, 1879. We shall here 
only give a very brief outline of this branch of the 
general theory of measurement, referring inquirers to 
Kverett’s volume for further details. 

Most of the quantities for which measurements are 
needed can be ultimately expressed by means of (1) a 
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definite length, (2) a definite mass, or (3) a definite 
interval of time. 

It is very important that the units thus referred to 
should be chosen judiciously, and it must be admitted 
that the units ordinarily used do not fulfil the condi- 
tions which a well-chosen system of units should fulfil. 
The most scientific system is beyond doubt that which 
has been suggested by the units committee of the 
British Association. In this system the unit of length 
is the centimetre, the unit of mass is the gramme, and 
the unit of time is the second, and the system is 
therefore often referred to for brevity as the U.G.S. 
system. The unit of force is termed the dyne, and it is 
defined to be the force which, acting upon a gramme 
of matter for a second, generates a velocity of a centi- 
metre per second. ‘The unit of work is the work done 
by this force working through a centimetre, and this 
unit is termed the erg. ‘The unit of power is the 
power of doing work at the rate of one erg per second, 
and the power of an engine can be specified in ergs per 
second. By the prefixes deca, hecto, kilo, mega, we 
can express a magnitude equal to the unit multiplied 
by 10, 100, 1000, or 1,000,000 respectively. On the 
other hand the prefixes deci, centi, milli, micro, 
signify the units divided by 10, 100, 1000, or 1,000,000 
respectively. 

or comparison with the ordinary units the follow- 
ing statements will be useful. The weight of a gramme 
at any part of the earth’s surface is about 980 dynes, 
or rather Jess than a kilodyne. ‘he weight of a kilo- 
gramme is rather less than a megadyne, being about 
980,000 dynes. 


Theapplication of these units to electrical and many other 
measurements will be found in Professor Everett’s book 
already referred to. On the general principles of appli- 
ances for measurement, see a paper by Clifford in the 
Handbook to the Special Loan Collection of Scientific Apparatus, 
1876, pp. 55-59, reprinted in Clifford’s Mathematical Papers, 
pp. 419-23. (R. S. B.) 


MEATH, a maritime county of Ireland, in the pro- 
vince of Leinster, is bounded Ki. by the [Irish Sea, 8.E. 
by Dublin, 8. by Kildare and King’s county, W. by 
Westmeath, N.W. by Cavan and Monaghan, and N.E. 
by Louth. Its greatest length north and south is about 
40 miles, and its breadth east and west about 45 
miles, he total area comprises 578,247 acres, or 904 
square miles. 

The county forms part of the great limestone plain 
that occupies the central portion of Ireland. In some 
districts the surface is variegated by hills and swells, 
which to the west reach a considerable elevation, 
although the general features of a fine champaign 
country are never lost. The coast, which is low and 
shelving, extends to about 10 miles, but there is no 
harbor of importance. The Boyne, whose banks are 
specially beautiful, enters the county at its southwest 

extremity, and flowing northeast to Drogheda divides 
it into two almost equal parts. At Navan it receives 
the Blackwater, which flows southwest from Cavan. 
The Boyne is navigable for barges as far as Navan, 
where a canal is carried to Trim. The Royal Canal 
asses along the southern boundary of the county to 
ublin. There are no lakes of importance. 

Climate and Agriculture.—The climate is genial and 
favorable for all kinds of crops, there being less rain 

- than even in the neighboring counties. The principal 
substratum is limestone, but there are some districts 
of clay slate. Except a small portion occupied by 
the Bog of Allen, the county is very verdant and fer- 

tile. The soil is principally a rich deep loam resting 
on limestone gravel, but varies from a strong clayey 
loam to a light sandy gravel. 

The total number of holdings in 1881 was 11,867, of which 
1632 were less than one acre in extent, and 4300 between 5 
and 15 acres. Only 93 were above 500 acres. According to 
the agricultural statistics for 1881, the area of arable land 
was 532,708 acres, or 92.4 per cent. of the whole area of the 
county, while 9599 acres were under plantations, 11,260 bog 
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and marsh, and 201 barren mountain land. Of the arable 
land, 60,411 were under tillage, 85,893 meadow and clover, 
and 336,374 pasture. The following table shows the area 
under the different crops in 1855 and 1882 :— 


| 

Meadow | 
and 

Clover. 


Pota- 


Wheat.| Oats, toes. 


H als. 


Total. 


1855] 18,764 /86,831 
1882] 2,783 |31,202| 1, 


2,071 | 6 é 
| 


Horses between 1855 and 1882 have diminished from 
23,310 to 15,316, an average of 2.9 to every 100 acres under 
cultivation, the average for Ireland being 3.2. Cattle in 
1855 numbered 135,485, and in 1882 had increased to 176,121, 
an ayerage of 33 to every 100 acres under cultivation, the 
average for Ireland being 26.2. Sheep in 1855 numbered 
170,582, and in 1882 only 146,749, although in 1880 they were 
174,573. Pigs in 1832 numbered 19,709, goats 6393, and 
poultry 318,968. 

According to the latest return the land was divided 
among 1322 proprietors, who possessed 577,846 acres, with 
a total annual value of £544,550. The average size of the 
properties was 436 acres, and the average annual value per 
acre was 18s. 10d. The following four proprietors possessed 
more than 10,000 acres each: viz., Earl of Darnley, 21,858 
acres; J. L. Naper, 18,863; Marquis of Lansdowne, 12,995; 
and Lord Athlumney, 10,213. 

Munufactures.—A\most the sole industry of the county is 
agriculture, but coarse linen is woven by hand-looms, and 
there are a few woollen manufactories. 

Railways.—The Dublin and Meath line intersects the 
county in a northwesterly direction, and separates into 
several branches, while the Great Western line skirts the 
southern boundary. 

Administration and Population.—The county includes 18 
baronies, 146 parishes, and 1626 townlands. Assizes are 
held at Trim, and quarter sessions at Dunshauglin, Duleek, 
Kells, Navan, and Trim. Two poor-law unions, Navan and 
Trim, are wholly within the county, and parts of Ardee, 
Celbridge, Drogheda, Dunshauglin, Edenderry, Kells, and 
Old Castle. Itis in the Dublin military district, subdistrict 
of Birr, with barrack stations at Navan and Trim. LEccle- 
siastically it is in the Meath diocese, with portions in 
Armagh and Kilmore. Previous to the Union it sent four- 
teen members to parliament, but now only the two members 
for the county are returned. 

From 81,516 in 1760 the population in 1821 had increased 
to 159,183, and in 1841 to 183,823, but by 1851 had dimin- 
ished to 140,768, in 1871 to 95,558, and in 1881 to 87,469, of 
whom 44,315 were males and 43,154 females. The principal 
towns are Navan, 3873; Kells, 2822; and Trim, 1586. A 
portion of the parliamentary borough of Drogheda, in- 
cluding 933 of the inhabitants, is also within the county. 
The number of births in the county during the ten years 
ending 3d March, 1881, was 21,293, an average of 23.3 to 
every 1000 of the population; of deaths 16,878, an average 
of 18.4; of marriages 3165, anaverage of 3.5; und of emi- 
grants 10,521, an average of 12.1. From 1st May, 1851, to 
3d March, 1881, the total number of emigrants was 49,375. 
Of the population five years old and upwards in 1881, 22.7 
per cent, were illiterate, the percentage in 1871 being 29.9. 
In 1881 there were 3531 persons able to speak Irish, but 
none were unable to speak English. 

History and Antiquities—According to Ptolemy, Meath 
was originally inhabited by the Eblani, whose territory ex- 
tended from the Boyne to the Liffey. A district known as 
Meath, and including the present county of Meath as well 
as Westmeath and Longford, with parts of Cavan, Kildare, 
and King’s county, was in the 2d century formed by 
Tuathal into a kingdom to serve as mensal land of the 
Ard Ré or over-king. Afterwards it was divided into 
Oireamhain, now known as Meath, and Hireamhain, which 
included the remainder of the old kingdom. The district 
was frequently subject to invasions from the Danes; they 
were totally defeated at Tara in 980. About 800,000 acres, 
including all the present county of Meath, was granted by 
Henry II. to Hugh de Lacy. 

The most remarkable antiquarian remains are two round, 
towers, the one at Kells, and the other in the churchyard 
of Donoughmore, near Navan. At New Grange, near 
Slane, there is an artificial cavern of a very peculiar con- 
struction. A large rath on Tara hill was the meeting-place 
of the princes before the Danish invasion, and the seat of 
a royal palace referred to in the well-known lines of Moore. 
A stone on the top of the rath is supposed by some to be 
the stone of destiny where the ancient monarchs of Ireland 
were crowned. Monastic buildings were very numerous, 
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among the more important ruins»being those of Duleek, 
which is said to have been the first ecclesiastical edifice in 
Ireland built of stone and mortar; the extensive remains 
of Bective; and those of Clonard, where also were a cathe- 
dral and a very famous college. Of the old fortresses, Trim 
Castle on the Boyne still presents an imposing appearance. 
There are also many fine old mansions. 


MEAUX, capital of an arrondissement, and an 
episcopal see, in the department of Seine-et-Marne, 
France, and formerly chief town of Haute Brie, is 
situated 28 miles east of Paris, on the Marne, which 
runs through the town, and on the Paris and Strasburg 
Railway. The cathedral, dedicated to St. Stephen, 
dates from the 12th century ; its restoration was begun 
thirty years ago. From the top of its western tower 
(250 feet high), in fine weather, the heights of Mont- 
martre and Mont Valérien, near Paris, can be seen. 
he building, which is 275 feet long and 105 feet high, 
consists of a nave, two aisles, a fine transept, a choir, 
and a sanctuary. ‘The choir contains the statue and 
the tomb of Bossuet, and the pulpit of the cathedral 
has been reconstructed with the panels of that from 
which the ‘* Hagle of Meaux’’ used to preach. The 
great window of the south transept contains some 
magnificent stained glass. ‘he episcopal palace, behind 
the cathedral, has several very curious old rooms; the 
buildings of the choir school, which also adjoins the 
cathedral, are likewise of some architectural and 
archzeological interest. 

Meaux is the centre of a considerable trade in corn, 
cheese, eggs, and poultry; and its mills, on the Marne, 
provide a great part of the meal with which Paris is 
supplied. ‘The Canal del’ Oureq, which surrounds the 
town, and the Marne, furnish the means of transport. 
A starch manufactory, a copper and iron foundry, and 
manufactories of food-pastes, of preserved vegetables, 
and of agricultural implements are the other principal 
industrial’ establishments. About a mile from the 
town is the sugar factory of Villenoy, which is one of 
the largest in France. The population of Meaux is 
11,740. 


In the Roman period Meaux was the capital of the Meldi, 
a small Gallic tribe. It formed part of the kingdom of 
Austrasia, and afterwards belonged to the counts of Ver- 
mandois and Champagne. Its communal charter dates as 
far back as 1179. Meaux suffered much from the disorders 
of the Jacquerie, from the Hundred Years’ War, and from 
the religious wars, during which it was an important Prot- 
estant centre. After the League, it was the first town which 
opened its gates to Henry LY., in 1594. Placed as it is on 
the highroad of invaders marching on Paris from the east 
of France, Meaux saw its environs rayaged by the army 
of Lorraine in 1652, and was laid under heavy requisitions 
in 1814, 1815, and 1870. 


MECCA (3%, Makka), the chief town of the Hi- 
jaz in Arabia,! and the great holy city of Isl4m, is 
situated two camel marches (the resting-place being 
Bahra or Hadda in the Batn Marr), or about 45 miles, 
almost due east, from Jidda, on the Red Sea.? Thus 
on a rough estimate Mecca lies in 21° 3807 N, lat. and 
40° K. long. ; ; 

It is said in the Koran (swr. xiv. 40) that Mecea lies 
in a sterile valley, and the old geographers observe 
that the whole Haram or sacred territory round the 
city is almost absolutely without cultivation or date 
palms, while fruit trees, springs, wells, gardens, and 
green valleys are found immediately beyond. Mecca 
in fact lies in the heart of a mass of rough hills, inter- 
sected bya labyrinth of narrow valleys and passes, 
and projecting into the Tih4ma or low country on 

1 Hijéz is here taken in the usual political sense of the word. 
The Turkish W4ly of the Hij4z has his winter residence at Mecca 
and his summer quarters at Taif. In a narrower sense the Hijaz 
is the lofty mountainous country between the central plateau of 
Nejd (or Negd, as it is called by the natives) and the lowlands of 
the coast (Tih4ma). In this sense El-Asma'i reckons Mecea to the 
Tih4ma, and well-informed Arabs still follow him. 

2A yariant of the name Makka is Bakka (sur. iii. 90; Bekri, 
155 sg.). For other names and honorific epithets of the city see 
Bekri, ut supra, Azraki, p. 197, Yakut, iv. 617 sq. The lists are in 


part corrupt, and some of the names (Kiitha and ‘Arsh or ‘Ursh, 
“the huts’’) are not properly names of the town as a whole, 


| path down the well-watered Wady Marr.* 
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the Red Sea, in front of the great mountain wall 
that divides the coast lands from the central plateau, 
though in turn they are themselves separated few the 
sea by a second curtain of hills forming the western 
wall of the great Wady Marr. The inner mountain 
wall is pierced by two and only two great passes, 
and the valleys descending from these embrace on 
both sides the Mecca hills. The northwestern pass, 
through which the Nejd traffic descends to the coast, 
and which also affords the easiest though longest route 
from Jidda and Mecca to Téif and thence through the 
true Hijaz to Yemen, is the Derb el-Seil or torrent 
This Wady 
skirts the complex of Meeca hills on the northwest 
from Zeima by Wady Fatima (where it is joined by 
the great coast road from Medina and Syria) to Hadda 
on the Mecca and Jidda road, a distance of perhaps 
50 miles. Main roads converge to Mecca from the 
three points of the Wady just named, the distance of 
the city from the last two being about 20 miles. From 
this side the most prominent of the Mecea hills,is the 
northern ‘* Mountain of Light’’ (J. Nur), The other 
pass, which affords a shorter mule road to TAif and the 
southern highlands, but is not practicable for ordinary 
baggage camels, descends from the summit of J. Kara, 
and leads through the great W. Na‘man, the Wady 
of the Hodheil, to the plain beneath ‘Arafa, the most 
easterly of the holy sites connected with Mecca, 
From this point a tolerably level route skirts the Mecca 
hills on the south, passing very close to Mecea under 
the opposite side of J. el-Thaur, is joined or crossed 
by several roads from the south, including the great 
lowland Yemen road, and ultimately falls into the road 
from Mecca to Hadda, a little beyond the pillars that 
define the Haram. ‘The broad valleys through which 
this southern road leads are not so well watered as W. 
Marr, but have several fertile spots and a good deal of 
land cultivable after rain.‘ Irom this description the 
importance of the situation of Mecta will be easily un- 
derstood. Itcommands both the great routes connect- 
ing the lowlands with central Arabia, and thus has the 
advantage over T'Aif, its former commercial rival, which 
lies indeed on the inland mountain road from Yemen 
to Nejd behind Mount Kara, but has no ready connec- 
tion with the Tihama. Mecca, on the contrary, though 
apparently secluded in its hills from the main valleys— 
it is in fact not visible from any point till one is quite 
close to the town—lies in the focus of all the great 
roads from north to south or from the coast inland 
with the single exception of the mountain road behind 
Kara; and the low passes that intersect the Mecca - 
hills form a series of practicable short-cuts connecting 
all the chief points of the circle of valleys already de- 
scribed.°® 
Holding this position, and situated in a narrow and 
barren valley quite incapable of supporting an urban 
population, Mecca must have been from the first a com- 
mercial town.® In the palmy days of South Arabia it 
was probably a station on the great incense route, and 
thus Ptolemy may have learned the name, which he 
writes Makoraba. At all events, long before Moham- 
med we find Mecea established in the twofold quality 


8 The ic part of this hse has two branches, W. Leimiin 
and W. Nakhla. In the latter lie the gardens of S6la and the 
village of Zeima with its great hot spring (comp, Yakut, ili, 197). 
Above Zeima the path is desert. 

‘To this deseription of the valleys surrounding the Mecca 
group on three sides, which is mainly drawn from personal ob- 
servation in 1880, it may be added that there is a direct and eas 
camel route from Zeima to ‘Arafa between the Mecea hills an 
the mountains of the Hodheil. Taking this fact with the statement 
of W4kidi (Wellhausen’s Muh. in Med., p. 341) that every wady in 
the sacred territory flows outwards into common ground except 
that at Tan‘im (near the Hudiid on the Medina road, Yakut, i. 
879; [bn Jubair, p, 110) we see that Mecea lies in an isolated group 
of hills—a sort of outpost of the great mountain wall, ; 

5 The inland road in ancient times was not so yaluable as the 
Geese ai Syria, on account of the scarcity of water (Muh. in 
Med., p. 100). 

® Mecca, says one of its citizens, ap. Wakidi (Kremer’s ed., e. 
196, or Muh, in Med., p. 100), is a settlement formed for trade wil 
Syriain summer and Abyssinia in winter, and cannot continue to 
exist if the trade is interrupted, 


MECCA. 


of a commercial centre and a privileged holy place, 
surrounded by an inviolable territory (the Haram), 
which was not the sanctuary of a single tribe but a 
place of pilgrimage, where religious observances were 
associated with a series of annual fairs at different 
points in the vicinity.!- The combination of commerce 
with religion was no unusual thing in Arabia. Of old 
the incense trade had its religious features, and indeed 
in the unsettled state of the country commerce was pos- 
sible only under the sanctions of religion, and through 
the provisions of the sacred truce which prohibited 
war for four months of the year, three of these being 
the month of pilgrimage, with those immediately pre- 
ceding and following. ‘The first of the series of fairs 
in which the Meceans had an interest was at ‘Okaz on 
the easier road between Mecca and T'4it, where there 
was also a sanctuary, and from it the visitors, drawn 
from tribes far and near, moved on to points still nearer 
Mecca (Majanna, and finally Dhu'l-Majaz, on the flank 
of J. Kabkab behind ‘ Arafa) where further fairs were 
held,?‘culminating in the special religious ceremonies 
of the great feast at ‘Arafa, Kuzah (Moadalifa), and 
Mecca itself. The system of intercalation in the lunar 
calendar of the heathen Arabs was designed to secure 
that the feast should always fall at the time when the 
hides, fruits, and other merchandise were ready for 
market,® and the Meccans, who knew how to attract 
the Bedouins by profuse and systematic hospitality, 
bought up these wares in exchange for imported goods, 
and so became the leaders of the international trade 
of Arabia. Their caravans traversed the length and 
breadth of the peninsula. Syria, and especially,Gaza, 
was their chief goal, and we read that the Syrian car- 
avan intercepted, on its return, at Bedr represented 
capital to the value of £20,000, an enormous sum for 
those days. 

The victory of Mohammedanism made a vast change 
in the position of Mecca. The merchant aristocracy 
became satraps or pensioners of a great empire; but 
the seat of dominion was removed beyond the desert, 
and though Mecca and the Hijaz strove for a time to 
maintain political as well as religious predominance, as 
will be related under MonAmMMEDAN Empire, the 
struggle was vain, and terminated on the death of Ibn 
Zubeyr, the Meccan pretendant to the caliphate, when 
the city was taken by Hajj4j (692 a.p.). On the 
other hand, the sanctuary and feast of Mecca received 
a new prestige from the victory of Islam. Purged of 
elements obviously heathenish, the Ka‘ba (Caaba) be- 
came the holiest site, and the pilgrimage the most 
sacred ritual observance of Mohammedanism, drawing 
worshippers from so wide a circle that the confluence 
of the petty traders of the desert was no longer the 
main feature of the holy season. The pilgrimage re- 
tained its importance for the commercial wellbeing of 
Mecca; to this day the Meccans live by the Hajj— 
letting rooms, acting as guides and directors in the 
sacred ceremonies, as contractors and touts for land 
and sea transport, as well as exploiting for their own 
advantage the many benefactions that flow to the holy 
city; while the surrounding Bedouins derive a chief 
part of their support from the camel-transport it de- 
mands and from the subsidies and gifts by which they 
are engaged to protect or abstain from molesting the 

ilgvim caravans. But the ancient ‘‘fairs of heathen- 
ism?’ were given up, and the traffic of the pilgrim 
season, sanctioned by the Prophet in sw. ii. 194, was 
concentrated at Mina and Mecca, where most of the 
pilgrims still have something to buy or sell, so that 


1 Details as to the inhabitants and constitution of Mecca before 
Islim will be given under MOHAMMED. 

2 The details are variously related. See Birtini, p. 328 (E. T., p. 
324); Asmai in Yakut, iii, 705, iv. 416, 421; Azraki, p. 129 sq.; 
Bekri, p.661. Jebel Kabkab isa great mountain occupying the 
angle between W. Na‘man and the plain of ‘Arafa. The peak is 
due north of Sheddad, the hamlet which Burckhardt (i. 115) calls 
Shedad. According to Azraki, p. 80, the last shrine visited was 
that of the three trees of ‘Uzz4 in W. Nakhla. 

® So we are told by Birtini, p. 62 (E. T., p. 73). 

4 WAkidi, ed. Kremer, pp. 20, 21; Muh. in Med., p. 39. 
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Min4, after the sacrifice of the feast day, presents the 
aspect of a huge international fancy fair. In the 
Middle Ages this trade was much more important than 
itis now. Ibn Jubair in the 12th century describes 
the mart of Mecca in the eight days following the feast 
as full of gems, unguents, precious drugs, and all rare 
merchandise from India, ‘ bak, Khorasan, and every 
part of the Moslem world.® 

Mecca, as has been already indicated, lies in a nar- 
row sandy valley running approximately from north to 
south between the Red Mountain on the west and the 
loftier chain of J. Abu Kobeys on the east. These 
ranges, which are partly built on and rise several 
hundred feet above the valley, so enclose the city that 
the ancient walls only barred the valley at three points, 
where three gates led into the town. In the time of Ibn 
Jubair the gates still stood though the walls were ruined, 
but now the gates have only left their names to quarters 
of the town. At the northern or upper end was the 
Bab el-Ma'l4, or gate of the upper quarter, whence 
the road continues up the valley towards Mina and 
‘Arafa as well as towards Zeima and the Nejd. Be- 
yond the gate, in a place called the Hajtin, is the 
chief cemetery, said to be the resting-place of many 
of the companions of Mohammed. Here a cross- 
road, running over the hill to join the main Medina 
road from the western gate, turns off to the west by 
the pass of Kada, the point from which the troops of 
the Seer oe stormed the city (A.H. 8).". Here too the 
body of Ibn Zubeyr was hung on a cross by Hajjaj. 
The lower or southern gate, at the Masfala quarter, 
opened on the Yemen road, where the rain-water from 
Mecea flows off into an open valley. Beyond, there 
are mountains on both sides ; on that to the east, com- 
manding the town, is the great castle, a fortress of 
considerable strength. The third or western gate, 
Bab el“Omra (formerly also Bab el-Zahir, from a vil- 
lage of that name), lay almost opposite the great 
mosque, and opened on a road leading westwards 
round the southern spurs of the Red Mountain. ‘This 
is the way to Wady Fatima and Medina, the Jidda 
road branching off from it to the left. Considerable 
suburbs now lie outside the quarter named after this 
rate ; in the Middle Ages a pleasant country road led 
for some miles through partly cultivated land with 
good wells, as far as the boundary of the sacred terri- 
tory and gathering place of the pilgrims at Tan‘im, 
near the mosque of ‘Aisha. This is the spot on the 
Medina road now ealled the ‘Omra, from a ceremonial 
connected with it which will be mentioned below. 

The length of the sinuous main axis of the city 
from the furthest suburbs on the Medina road to the 
suburbs in the extreme north, now frequented by 
Bedouins, is, according to Burckhardt, 3500 paces.8 
About the middle of this line the joncieeainel thor- 
oughfares are pushed aside by the vast courtyard and 
colonnades composing the great mosque, which, with 
its Spacious arcades surrounding the Ka‘ba and other 
holy places, and its seven minarets, forms the only 
prominent architectural feature of the city. The 
mosque is inclosed by houses with windows opening 
on the arcade and commanding a view of the Ka’‘ba. 
Immediately beyond these, on the side facing J. Abu 
Kobeys, a broad street runs southeast and northwest 
across the valley. This is the Mas’4 or sacred course 
between the eminences of Safa and Merwa, and has 
been from very early times one of the most lively 
bazaars and the centre of Meccan life. he other 
chief bazaars are also near the mosque in smaller 
streets. ‘The rest of the town presents no points of 


5 The older fairs were not entirely deserted till the troubles of 
the last days of the Omayyads (Azraki, p. 181). 

§ Ibn Jubair, ed. Wright, p. 118 sq. 

’ This is the cross-road traversed by Burekhardt (i. 109), and 
described by him as cut through the rocks with much labor, 

8 Istrakhri gives the length of the city proper from north to 
south as 2 miles, and the greatest breadth from the JiyAd quarter - 
east of the great mosque across the valley and up the western 
slopes as two-thirds of the length. i 
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individual interest, but its general aspect is pictur- 
esque; the streets are fairly spacious, though ill-kept 
and filthy ; the houses are all of stone, many of them 
well-built and four or five stories high, with terraced 
rools and large projecting windows as in Jidda—a style 
of building which has not varied materially since the 
10th century (Mokaddasf, p. 71), and gains in effect 
from the way in which the dwellings run up the sides 
and spurs of the mountains. Of public institutions 
there are baths, ribats or hospices for poor pilgrims 
from India, Java, ete., a hospital with fifty beds, a 
public kitchen for the poor, badly administered by 
the ‘Turkish authorities. A settler from India has 
recently set up a theological school; but the 
old colleges around the mosque have long since 
been converted into lodgings. The minor places of 
visitation for pilgrims, such as the birth-places of the 
Prophet and his chief followers, are not notable.? 
Both these and the court of the great mosque 
are observed to lie beneath the general level of the 
city, so that it is evident that the site of the town 
hag been gradually raised by accumulated rubbish. 
The town in fact has little air of antiquity; genuine 
Avab buildings do not last long, especially in a valley 
periodically ravaged by tremendous floods when the 
tropical rains burst on the surrounding hills. The 
history of Mecea is full of the record of these inunda- 
tions, unsuccessfully combated by the great dam drawn 
across the valley by the caliph ‘Omar (Iutb el-Din, 
p. 76), and later works of IHl-Mahdi.* 

The fixed population of Mecca in 1878 was estimated 
by Assistant-Surgeon ‘Abd el-Razzik at 50,000 to 
60,000; but the materials for an estimate are very in- 
adequate where there is so large a floating population 
—and that not merely at the proper season of pilgrim- 
age, the pilgrims of one season often beginning to 
arrive before those of the former season have all dis- 
persed, At the height of the season the town is much 
overcrowded, and the entire want of a drainage system 
is severely felt. Fortunately good water is tolerably 
plentiful; for, though the wells are mostly undrink- 
able, and even the famous Zamzam water very un- 
wholesome and tainted with sewage, the underground 
conduit from beyond ‘Avafa, completed by Sultan 
Selim II. in 1571, supplies to the public fountains a 
sweet and light water, containing, according to ‘Abd 
el-Razzik, a large amount of chlorides. The water is 
said to be free to townsmen, but is sold to the pilgrims 
at a rather high rate.* 

Medixval writers celebrate the copious supplies, 
especially of fine fruits, brought to the city from Taif 
and other fertile parts of Arabia. These fruits are 
still famous; rice and other foreign products are 
brought by sea to Jidda; mutton is plentifully supplied 
from the desert.® The industries of Mecca all centre 
in the pilgrimage; the chief object of every Meccan— 
from the notables and sheikhs, who use their influence 
to gain custom for the Jidda speculators in the pil- 
grim traffic, down to the cicerones, pilgrim brokers, 
lodging-house keepers, and semi-mendicant hangers 
on at the holy places—being to pillage the. visitor 


1 The pious foundations of Mecca have been robbed by their 
guardians from very early times. See already Ibn Haukal, p, 25. 

2 Vor details as to the ancient quarters of Mecca, where the sey- 
eral families or septs lived apart from generation to generation, 
see bobs re p. 445 sg., and compare Ya'kubi, ed. Juynboll, p. 100. 
The modern town is best deseribed by Burckhardt, who gives a 
eee of the city, The minor sacred places are described at length 

oy Azraki and Ibn Jubair. They are either connected with genu- 

ine memories of the Prophet and his times, or haye spurious le- 
gends to conceal the fact that they were originally holy stones, 
wells, or the like, of heathen sanctity, 

* Beladhori, in his chapter on the floods of Mecea (p. 53 sq.), 
says that ‘Omar built two dams. 

4 The aqueduct is the suecessor of an older one associated with 
the names of Zobeyda, wife of Hariin el-Rashid, and other bene- 
factors. But the old aqueduct was frequently out of repair, and 
seems to have played but a secondary part in the medizyal water 
supply. Even the new aqueduct gave no adequate supply in 
Burckhardt’s time, 

6In Ibn Jubair’s time (p, 182) large supplies were brought from 
the Yemen mountains, The revenues of Yemen are still mainly 
expended on the distribution of grain by the sultan in the 
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in every possible way. Thus the fanaticism of the 
Meccan is an affair of the purse; the mongrel popula- 
tion (for the town is by no means purely Arab) has 
exchanged the virtues of the Bedouin for the worst 
corruptions of Kastern town life, without casting off 
the ferocity of the desert, and it is hardly possible to 
find a worse certificate of character than the three 
parallel gashes on each cheek, called Tashrit, which 
are the customary mark of birth in the holy city. The 
unspeakable vices of Mecca are a scandal to all [slim 

and a constant source of wonder to pious pilgrims.° 
The slave trade, which still subsists and is very dear. 
to the Arab heart, has connections with the pilgrim- 
age which are not yet thoroughly cleared up; but 
there is no doubt that under cover of the pilgrimage a 
great deal of kidnapping and importation of slaves 
goes on. 

Since the fall of Ibn Zubeyr the political position of 
Mecca has always been dependent on the movements 
of the greater Mohammedan world. In the splendid 
times of the caliphs immense sums were lavished upon 
the pilgrimage and the holy city; and conversely the 
decay of’ the central authority of [slam brought with it 
along period of faction, wars, and misery, in which the 
most notable episode was the sack of Mecca, with cir- 
cumstances of great barbarity, by the Carmathians at 
the pilgrimage season of 930 A.D. ‘The victors carried 
off the ‘‘ black stone,’’ which was not restored for 
twenty-two years, and then only for a great ransom, 
when it was plain that even the loss of the palladium 
could not destroy the sacred character of the city. 
Under the Fatimites Egyptian influence began to be 
strong in Mecca; it was opposed by the sultans of 
Yemen, while native princes claiming descent from the 
Prophet—the Hashimite emfrs of Mecca, and after 
them the emfrs of the house of Katd4da (since 1202)— 
attained to great authority and aimed at independence; 
but soon after the final fall of the Abbasids the Kgyp- 
tian overlordship was definitively established by Sultan 
Bibars (1269 A.p.). The Turkish conquest of Eeypt 
transferred the supremacy to the Ottoman sultans 
(1517), who treated Mecea with much favor, and 
during the 16th century executed great works in the 
sanctuary and temple. ‘he Ottoman power, however, 
became gradually almost nominal, and that of the 
emfrs or sherifs increased in proportion, culminating 
under Ghalib, whose accession dates from 1786, Then 
followed the wars of the Wahhabfs (see ARABIA, vol. 
ii. p. 228) and the restoration of Turkish rule by the 
troops of Mohammed ‘Alf. By him the dignity of 
sherff was deprived of much of its weight, wine in 1827 
a change of dynasty was effected by the appointment 
of Ibn ‘Aun. Since that time the Turkish authority 
has again decayed, though Mecca is still nominally the 
capital of a Turkish province, and has a governor- 
general and a Turkish garrison, while Mohammedan 
law is administered by a judge sent from Constantino- 
ple. But, except within the larger towns, at which 
troops are stationed, the Turks are practically powerless, 
and the real sovereign of Mecca and the Hava is the 
sheriff, who, as head of a princely family claiming 
descent from the Prophet, holds a sort of feudal posi- 
tion in the country. he dignity of sherff (or grand 
sherff, as Huropeans usually say for the sake of distine- 
tion, since all the kin of the princely houses reckoning 
descent from the Prophet are also named sherffs), is 
often conceived as a religious pontificate, and anti- 
Turkish Arabs contend that if the sultan and the sherff 
were together in a mosque the latter would lead the 
prayers as imam; but it is more correct to regard the 
sherif as the modern Gounterpart of the ancient emirs 
of Mecca already referred to, who were named in the 

ublic prayers immediately after the reigning caliph. 

his dignity long ran in the family of Hasan, son of 
the caliph ‘Alf, with which the present sherffs, in spite 


6 The Sore of manners in Mecca is no new thing. See 
ee the caliph Mahdi on the subject; Wtstenfeld, Chron, 
ek., iv. 168, 
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of changes of dynasty, still count kindred. The 
influence of the princes of Mecca has varied from 
time to time according to the strength of the foreign 
protectorate in in the Hij4z or in consequence of feuds 
among the branches of the house; at present it is for 
most purposes much greater than that of the Turks. 
The latter are strong enough to hold the garrisoned 
towns, and thus the sultan is able within certain limits 
—playing off one against the other the tsvo rival 
branches of’ the aristocracy, viz., the kin of Ghalib and 
the house of Ibn 'Aun—to assert the right of desig- 
nating or removing the sheriff, to whom in turn he owes 
the possibility of maintaining, with the aid of con- 
siderable pensions, the semblance of his much-prized 
lordship over the holy cities. The grand sherif can 
muster a considerable force of freedmen and clients, 
and his kin, holding wells and lands in various places 
through the Hijiz, act as his deputies and administer 
the old Arabic customary law to the Bedouins. ‘To 
this influence the Hij4z owes what little of law and 
order it enjoys. After the sherffs the principal family 
ot Mecca is the house of Sheyb, whit 10lds the 
hereditary custodianship of the Ka’ba. 

The Great Mosque and the Ka'ba.—Long before 
Mohammed the dhief sanctuary of Mecca was the 
Ka‘ba, a rude stone building, so named from its re- 
semblance to a monstrous astragalus or die, of about 
40 feet cube, though the shapeless mass is not really 
an exact cube or even exactly rectangular.t ‘The 
Ka‘ba has been rebuilt more than once since Moham- 
med purged it of idols and adopted it as the chief 
sanctuary of Islam, but the old form has been pre- 
served except in secondary details; so that the 
“Ancient House,’ as it is titled, is still essentially a 
heathen temple, adapted to the worship of Islim by 
the clumsy fiction that it was built by Abraham and 
Ishmael by divine revelation as a temple of pure 
monotheism, and that it was only temporarily per- 
verted to idol worship from the time when ‘Amr ibn 
Lohay introduced the statue of Hobal from Syria® till 
the victory of Islam. ‘his fiction has involved the 
superinduction of a new mythology about Abraham, 
Hagar, and Ishmael over the old heathen ritual, which 
remains practically unchanged. hus the chief object 
of veneration is the ancient fetish of the black stone, 
which is fixed in the external angle facing Safi. The 
building is not exactly oriented, but this may for con- 
venience be called the southeast corner. Its technical 
name is the black corner, the others being named the 
Yemen (southwest), Syrian (northwest), and ‘Lrak 
(northeast) corners, from the lands to which they 
approximately point. The black stone is a small dark 
mass a span long, with an aspect suggesting volcanic 
or meteoric origin, fixed at such a height that it can 
be conveniently kissed by a person of middle size. It 


1 The following measurements may be cited :—Ibn ‘Abd Rabbih 
10th century), south side 20 cubits, north 21, east and west 25 each 
so Azralki) ; jbn J pee eer century), sides 54 and 48 spans, 

eight 29 cubits at the highest or south wall, with a slight fall to 

the north side where the mizdb or water-spout discharges (Azraki, 

27 cubits); Burckhardt, sides 18 paces by 14, height 85 to 40 feet. 

Other modern measures vary considerably. The height was 

raised by Ibn Zubeyr from 18 to 27 cubits. Compare Muh, in Med., 
9 


. 426, 

2'The Ka‘ba of Mohammed’s time was itself the successor of an 
older building said to have been destroyed by fire. It was con- 
structed in the still usual rude style of Arabie masonry, with 
string courses of timber between the stones (like Solomon's tem- 

le), The roof rested on six pillars; the door was raised above 
the round and approached by a stair (probably on account of 
the floods which often swept the valley and worshippers left 
their shoes under the stair before entering. During the first siege 
of Mecea (683 A.D.) the building was burned down, and Ibn Zubeyr 
reconstructed it on an enlarged scale and in better style of solid 
ashlar work, After his death his most glaring innovations (the 
introduction of two doors on a level with the ground, and the 
extension of the building lengthwise to include the Hijr) were 
corrected by Hajj4j under orders from the caliph, but the building 
retained its more solid structure, The roof now rested on three 
pillars, and the height was raised one-half. The Kaba was again 
entirely rebuilt after the flood of 1626 A.p., but since Hajjaj there 
seem to have been no struetural changes, 

% Hobal.was set up within the temple over the pit that contained 
the sacred treasures. His chief function was connected with the 
sacred lotto which the Meccans were accustomed to betake them- 
selves in all matters of difficulty. 
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was broken by fire in the siege of 683 A.D. (not ag 
many authors relate by the Carmathians), and the 
yieces are kept together by a silver setting. The 
Fabory of this heavenly stone, given by Gabriel 
to Abraham, does not conceal the fact that it was 
originally a fetish, the most venerated of a multi- 
tude of idols and sacred stones which stood all round 
the sanctuary in the time of Mohammed. The Prophet 
destroyed the idols, but he left the characteristic form 
of worship—the ftawa/, or sevenfold circuit of the 
sanctuary, the worshipper kissing or touching the ob- 
jects of his veneration—and besides the black stone he 
recognized the so-called ‘‘southern’’ stone, the same 
presumably with that which is still touched in the 
tawaf at eh Yemen corner (Muh. in Med., pp. 336, 
25). The ceremony of the tawaf and the worship of 
stone fetishes was common to Mecca with other ancient 
Arabian sanctuaries.* It was, as it still is, a frequent 
religious exercise of the Meccans, and the first duty 
of one who returned to the city or arrived there under 
a vow of pilgrimage; and thus the outside of the 
Ka'ba was and is more important than the inside. 


| Islam did away with the worship of idols; what was 


lost in interest by their suppression has been supplied 
by the invention of spots consecrated by recollections 
of Abraham, Ishmael, and Hagar, or held to be ac- 
ceptable places of prayer. Thus the space of ten spans 
between the black stone and the door, which is on the 
east side, between the black and ‘lak corners, and a 
man’s height from the ground, is called the Multazam, 
and here prayer should be offered after the tawaf with 
outstretched arms and breast pressed against the house. 
On the other side of the door, against the same wall, 
is a shallow trough which is said to mark the original 
site of the stone on which Abraham stood to build the 
Kaba. Here the growth of the legend can be traced, 
for the place is now called the ‘‘ kneading-place ”’ 
(Ma'‘jan) where the cement for the Ka'ba was prepared. 
This name and story do not appear in the older ac- 
counts. Once more, on the north side of the Ka’ba, 
there projects a low semicircular wall of marble with 
an opening at each end between it and the walls of the 
house. ‘lhe space within is paved with mosaic, and is 
called the Hijr. It is included in the tawaéf, and two 
slabs of verde antico within it are called the graves of 
Ishmael and Hagar, and are places of acceptable prayer. 
ven the golden or gilded métzdéb (water-spout) that 
wojects into the Hijr marks a place where prayer is 
ieard, and another such place is the part of the west 
wall close to the Yemen corner. 

The feeling of religious conservatism which has pre- 
served the structural rudeness of the Kaba through so 
many centuries did not interfere with the adoption of 
costly surface decoration. In Mohammed’s time the 
outer walls were covered by a vail (or Avswa) of striped 
Yemen cloth. The magnificence of the caliphs sub- 
stituted a covering of figured brocade, and the sultan 
still sends with each pilgrim caravan from Cairo a new 
kiswa of black brocade, adorned with a broad band 
embroidered with golden inscriptions from the Koran, 
as well asa richer curtain for the door. The aspect thus 
given to the Ka’ba is seen in the woodeut; there are 
openings to show the two sacred stones.° ‘he door of 
two leaves, with its posts and lintel, is of silver gilt. 

The interior of the Ka‘ba is now opened but a few 
times every year; there is a great scramble for admis- 
sion—the portable staircase being seldom brought for- 
ward—and a great clamor for backshish ; thus the mod- 
ern descriptions, from observations made under diffi- 


‘See Ibn Hishém, i. 54; Azraki, p. 80 (‘Uzz4 in Batn Marr); 
Yakut, tii. 705 (Otheydé); Bar Hebreus on Psalm xii. 9, Stones 
brag Ns by circling round them bore the name dawdr or 
duwar (Krehl, Rel. d. Araber, p. 69). The later Arabs not unnatu- 
rally viewed such cultus as imitated from that of Mecea (Yakut, 
iv. 622; comp. Dozy, Israeliten te Mekka, p. 125, who draws very 
perverse inferences). 

* The old kiswa is removed on the 25th day of the month before 
the pilgrimage, and fragments of it are bought by the pilgrims as 
eee TH] the 10th ay of the pilgrimage month the IKa‘ba is 

are. 
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culties, are not very complete. Little change, however, 
seems to have been made since the time of Ibn Jubair, 
who describes the fluor and walls as overlaid with richly 
variegated marbles, and the upper half of the walls as 
plated with silver thickly gilt, while the roof was vailed 
with colored silk. Modern writers describe the place 
as windowless, but Ibn Jubair mentions five windows 
of rich stained glass from ‘Inik. Between the three 
pillars of teak hung thirteen silver lamps. A chest in 
the corner to the left of one entering contained Korans, 
and at the ‘Irak corner a space was cut off enclosing 
the stair that leads to the roof. ‘The door to this stair 
(called the door of merey—Bab el-Rahma) was plated 
with silver by the caliph Mutawakkil. Here in the 
time of Ibn Jubair, the Makam or standing-stone of 
Abraham was usually placed for better security, but 
brought out on great occasions (pp. 131, 161).! 

The houses of ancient Mecca pressed close upon the 
Ka'ba, the noblest families, who traced their descent 
from Kogay, the reputed founder of the city, having 
their dwellings immediately round the sanctuary. To 
the north of the Ka’ba was the Dar el-Nadwa, or place 
of assembly of the Koreysh, where all matters of pub- 
lic interest were discussed. The multiplication of pil- 
grims after Islam soon made it necessary to clear away 
the nearest dwellings and enlarge the place-of prayer 
around the Aucient House. ‘Omar, ‘Othman, and 
Ibn Zubeyr had all a share in this work, but the great 
founder of the mosque in its present form, with its 
spacious area and deep colonnades, was the caliph El- 
Mahdi, who spent enormous sums in bringing costly 
pillars from Keypt and Syria. The work was still in- 
complete at his death in 785 A. D., and was finished in 
less sumptuous style by his successor. Subsequent 
repairsand additions, extending down to Turkish times, 
have left little of Kl-Mahdf’s work untouched, though 
a few of the pillars probably date from his days. 
There are more than five hundred pillars in all, of very 
various style and workmanship, and the inclosure— 
250 paces in length and 200 in breadth, according to 
Burckhardt’s measurement—is entered by nineteen 
archways irregularly disposed. 

After the Ka'ba the principal points of interest in 
the mosque are the well Zamzam and the Mak4ém 
Ibrahim. The former is a deep shaft inclosed in a 
massive vaulted building paved with marble, and ac- 
cording to Mohammedan tradition, is the source (cor- 
responding to the Beer-lahai-roi of Gen. xvi. 14) from 
which Hagar drew water for her son Ishmael. This 
of course is pure Mvention, and indeed the legend tells 
that the well was long covered up and rediscovered by 
Abd el-Muttalib, the grandfather of the Prophet. 
Sacred wells are familiar features of Semitic sanc- 
tuaries, and Isl4m, retaining the well, made a quasi- 
Biblical story for it, and endowed its tepid waters with 
miraculous curative virtues. They are eagerly drunk 
by the pilgrims, or when poured over the body are held 
to give a miraculous refreshment after the fatigues of 
religious exercise, and the manufacture of bottles or 
jars for carrying the water to distant countries is quite 
atrade. Ibn Jubair (p. 139) mentions a curious su- 
perstition of the Meccans, who believed that the water 
rose in the shaft at the full moon of the month 
Sha’bin. On this occasion a great crowd, especially 
of young people, thronged round the the well with 
shouts of religious enthusiasm, while the servants 
of the well dashed buckets of water over their 
heads. The Makém or standing place of Abraham 
is also connected with a relic of heathenism, the 
ancient holy stone which once stood on the Ma‘jan, 
and is said to bear the prints of the patriarch’s 
feet. ‘The whole legend of this stone, which is full of 


1 Before Islam the Ka‘ba was opened every Monday and Thurs- 
day; in the time of Ibn Jubair it was opened with considerable 
ceremony every Monday and Friday, and daily in the month 
Rajab. But, though prayer within the building is favored by 
the example of the Lipa: it is not compulsory on the Moslem, 
and even in the time of Ibn Batuta the opportunities of entrance 
were reduced to Friday and the birthday of the Prophet. 
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miraculous incidents, seems to have arisen from a mis- 
conception, the Makam Ibr4hfm in the Koran, mean- 
ing the sanctuary itself; but the stone, whichisa block 
about 3 spans in height and 2 in breadth, and in shape 
“like a potter’s furnace’’ (Ibn Jubair), is certainly 
very ancient. It is now covered up, and no one is 
allowed to see it, though the box in which it lies can 
be seen or touched through a grating in the little 
chapel that surrounds it. In the Middle Ages it was 
sometimes shown, and Ibn Jubair deseribes the pious 
enthusiasm with which he drank Zamzam water poured 
on the footprints. It was covered with inscriptions in 
an unknown character, one of which was copied by 
Fakihi in his history of Mecca. 'To judge by the fac- 
simile in. Dozy’s IJsraeliten te Mekka, the character is 
probably essentially one with that of the Syrian Safé 
Inscriptions, which we now know to have extended 
through the Nejd and into the Hijéz.? 


The general aspect of the great mosque will be best un- 
derstood by reference to the woodcut, which is taken from 
a photograph. The photographer has taken his stand on 
a lofty building facing the black stone corner of the Ka’ba, 
so that house tops, with high parapets serving to protect 
the privacy of the women, who spend much of their time 
on these terraces, form too prominent a feature in the fore- 
ground, and obstruct the view of part of the cloistered 
area. The background isthe Red Mountain ; the fort which 
is seen above the town is not the great castle buta building 
of the sherif Ghalib, dating from about the beginning of this 
century. It will be observed that at two places there are 
smaller cloistered courts annexed to the main colonnade. 
That to the right, with a polygonal minaret, corresponds to 
the ancient Dar el- Nadwa,which was included in the mosque 
by the caliph Mo’tadid. The other minor court is at the 
Bab Ibrahim. Of the two walls of the Ka‘ba concealed 
from view, that to the right is the one adjoining the Hijr. 
The two-storied pagoda-like building facing this wall is 
the Makam or station for prayer of orthodox Moslems of 
the Hanafi rite, to which the Turks belong. The similar 
stations of the other orthodox sects have but one story ; that 
of the Maliki rite is seen to the left of the Ka‘ba; the roof of 
the Hanbali station is just visible in the foreground a little 
to the left of the “black” corner ; the Shafi’ i station, which 
stands on the roof of the Zamzam building is more promi- 
nent a little to the right. Between this and the Makam 
Hanafi rises the slender gilt spire of the white marble pul- 
pit from which sermons are preached on Fridays and high 
days. Between the pulpit and the Zamzam is the small 
chapel of Abraham’s stone. It does not rise high enough 
to be seen in the cut. The two small and ugly domes to 
the right of the Zamzam are the dome of ‘Abbdés and the 
dome of the Jewess. They are used as storerooms, but the 
former, which has its name from the uncle of the Prophet, 
was formerly the drinking-place of the pilgrims. In the 
time of Ibn Jubair it was still used for cooling the Zamzam 
water. The oval part of the court next to the Ka’ ba within 
the railing is paved with marble; parts of the area beyond 
are also paved, part being strewn with gravel. Around the 
railing a number of glass lamps are lighted at night. 

Safa and Merwa.—tin religious importance these two 
points or “hills,” connected, as we have seen, by the 
Mas‘a, stand second only to the Ka‘ba. Saféis an elevated 
platform surmounted by a triple arch, and approached by a 
flight of steps.’ It lies south-east of the Ka‘ba facing the 
black corner, and 76 paces from the “ Gate of Safi.’”’? which 
is architecturally the chief gate of the mosque. Merwa is 
a similar platform, formerly covered with a single arch, on 
the opposite side of the valley. It stands on a 
spur of the Red Mountain called J. Ku'ayki‘4n. 
The course between these two sacred points is 493 paces 
long, and the religious ceremony called the “sa‘y”’ consists 
in traversing it seven times, beginning and ending at Safa. 
The lowest part of the course, between the so-called green 
milestones, is done ata run. This ceremony, which, as we 
shall presently see, is part of the ‘omra, is generally said 
to be performed in memory of Hagar, who ran to and fro 
between the two eminences vainly seeking water for her 
son. The observance, however, is certainly of pagan ori- 
gin; and at one time there were idols on both the so-called 
hills (see especially Azraki, pp. 74, 78). 


2 See De Vogué, Syrie Centrale: Inscr. Sem.; Lady Ann Blunt, 
Pilgrimage to Ned, vol. ii.; and W. R. Smith, in the Atheneum, 
March 20, 1880. p 

3 Ibn Jubairspeaks of fourteen steps, Aly Bey of four, Burckhardt 
of three. The surrounding ground no doubt has risen so that 
the old name “ hill of Safa” is now inapplicable. 
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The Ceremonies and the Pilgrimage.—Before Islam the 
Ka'‘ba was the local sanctuary of the Mecvans, where they 
prayed and did sacrifice, where oaths were administered 
and hard cases submitted to divine sentence according to 
the immemorial custom of Semitic shrines. But besides 
this,as we have seen, Mecca was already a place of pil- 
grimage. Pilgrimage with the ancient Arabs was the ful- 
filment of a vow, which appears to have generally termi- 
nated—at least on the part of the well-to-do—in a sacrificial 
feast. A vow of pilgrimage might be directed to other 
sanctuaries than Mecca—the technical word for it (ihl4l) is 
applied for example to the pilgrimage to Manat Bekri, p.519). 
He who wasunder such a vow was bound by ceremonial ob- 
servances of abstinence from certain acts (e.g., hunting) and 
sensual pleasures, and in particular was forbidden to shear or 
comb his hair till the fulfilment of the vow. This old Semitic 
usage has its close parallel in the vow of the Nazarite. It 
was not peculiarly connected with Mecca; at Taif, for ex- 
ample, it was customary on return to the city after an ab- 
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sence to present oneself at the sanctuary, and there shear 
the hair (Muh. in Med., p. 381). © Pilgrimages to Mecca 
were not tied toasingle time, but they were naturally 
associated with festive occasions, and especially with the 
great annual feast and market already spoken of, when by 
extensive hospitality the citizens did all in their power to 
attract the worshippers who were at the same time their 
customers. The pilgrimage was so intimately connected 
with the wellbeing of Mecca, and had already such a hold 
on the Arabs round about, that the politic Mohammed could 
not afford to sacrifice it to an abstract purity of religion, 
and thus the old usages were transplanted into Isl4m in the 
double form of the ‘omra or vow of pilgrimage to Mecca, 
which can be discharged at any time, and the hajj or pil- 
grimage at the great annualfeast. The latter closes with a 
visit to the Ka‘ba, but its essential ceremonies lie outside 
Mecca, at the neighboring shrines where the old Arabs 
gathered before the Meccan fair. 

The ‘omra begins at some point outside the Haram or 


Mecca—the Great Mosque. 


holy territory, generally at Tan‘im described above, both for 
convenience sake and because ‘Aisha began the ‘omra there in 
the year 10ofthe Flight. The pilgrim enters the Haram in 
the antique and scanty pilgrimage dress (ihr4m), consisting 
of two cloths wound round his person in a way prescribed by 
ritual. His devotion is expressed in shouts of Labbeyka 
(a word of obscure origin and meaning) ; he enters the great 
mosque, performs the tawaf and the sa y! with circumstances 
and prayers which it is unnecessary to detail, and then has 
his head shaved and resumes his common dress. This cere- 
mony is now generally combined with the hajj, or is per- 
formed by every stranger or traveller when he enters 
Mecea, and the ihrim (which involves the acts of absti- 
nence already referred to) is assumed at aconsiderable dis- 
tance from the city. But it is also proper during one’s re- 
sidence in the holy city to perform at least one ‘omra from 
Tan im in connection with a visit to the mosque of ‘Aisha 
there. The absurd triviality of these rites is ill concealed 
by the legends of the sa y of Hagar and of the tawaf being 
first performed by Adam in imitation of the circuit of the 
angels about the throne of God; but in truth the meaning 
of their ceremonies seems to have been almost a blank to 
the Arabs before Islim, whose religion had become a mere 
formal tradition. We do not even know to what deity the 
worship expressed in the tawaf was properly addressed. 
There is a tradition that the Ka ba was a temple of Saturn 
(Shahrastdni, p. 431); perhaps the most distinctive feature 
of the shrine may be sought in thesacred doves which still 
enjoy the protection of the sanctuary. These recall the 
sacred doves of Ascalon (Philo, vi. 200 of Richter’s ed.), and 
suggest Venus-worship as at least one element (comp. 
Herod., i. 131; iii. 8; Ephr. Syr., Op. Syr., ii. 457). 

To the ordinary pilgrim the ‘omra has become so much an 
episode of the hajj that it is often described as a mere visit 
to the mosque of Aisha; a better conception of its original 
significance is got from the Meccan feast of the seventh 
month (Rajab) graphically described by Ibn Jubair from 
his observations in 1184 A.D. Rajab was one of the ancient 
sacred months, and the feast, which extended through the 
whole month, and was a joyful season of hospitality and 
thanksgiving, no doubt represents the ancient feasts of 


17The latter perhaps was no part of the ancient ‘omra; see 
Snouck-Hurgronje, Het Mekkaansche Feest, 1880, p. 115 sq. 


| Meeca more exactly than the ceremonies of the hajj, in 
' which old usage has been overlaid by traditions and glosses 
of Islam. The ‘omra was performed by crowds from day to 
day, especially at new and full moon,?, The new moon cele- 
bration was nocturnal; the road to Tan‘im, the Mas‘a, and 
the mosque were brilliantly illuminated; and the appear- 
ing of the moon was greeted with noisy music. <A genuine 
old Arab market was held, for the wild Bedouins of the 
Yemen mountains came in thousands to barter their cattle 
and fruits for clothing, and deemed that to absent them- 
selves would bring drought and cattle plague in their 
homes. Though ignorant of the legal ritual and prayers, 
they performed the taw4f with enthusiasm, throwing them- 
selves against the Ka‘ba and clinging to its curtains as a 
child clings to its mother. They also made a point of en- 
tering the Ka‘ba. The 29th of the month was the feast day 
of the Meccan women, when they and their little ones had 
the Ka‘ba to themselves without the presence even of the 
Shey bis. 

The central and essential ceremonies of the hajj or greater 
pilgrimage are those of the day of ‘Arafa, the 9th of the 
“nilgrimage month” (Dhw’l Hijja), the last of the Arab 
year ; and every Moslem who is his own master, and can 
command the necessary means, is bound to join in these 
once in his life. By them the pilgrim becomes as pure from 
sin as when he was born, and gains for the rest of his life 
the honorable title of hajj. Neglect of other parts of the 
pilgrim ceremonial may be compensated by offerings, but 
to miss the “stand” (wokif) at ‘Arafa is to miss the pil- 
grimage. ‘Arafa or ‘Arafat is a space artificially limited, 
round a small isolated hill called the Hill of Mercy, a little 
way outside the holy territory, on the road from Mecca to 
Taif. One leaving Mecca after midday can easily reach the 
place on foot the same evening. The road is first north- 
wards along the Mecca valley and then turns eastward. 
It leads through the straggling village of Mina, occupying 
a long narrow valley (W. Mina), two to three hours from 
Mecea, and thence by the mosque of Muzdalifw over a 
narrow pass opening out into the plain of “Arafa, which 
is an expansion of the great W. Na'man, through which 
the Taif road descends from Mount Kara. The lofty and 


2'The 27th was also a great day, but this day was in commemo- 
ration of the rebuilding of the Ka‘ba by Ibn Zubeyr. 
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rugged mountains of the Hodheyl tower over the plain 
on the north side and overshadow the little Hill of Mercy, 
which is one of those bosses of weathered granite so com- 
mon in the Hijaz. ‘Arafa,as we have already seen, lay 
quite near Dhu’l-Maj4z, where, according to Arabian tradi- 
tion, a great fair was held from the 1st to the 8th of the 
pilgrimage month; and the ceremonies from which the 
hajj was derived were originally an appendix to this fair. 
Now on the contrary the pilgrim is exvected to follow as 
closely as may be the movements of the Prophet at his 
“farewell pilgrimage” in the year 10 of the Flight (632 A.D.). 
He therefore leaves Mecca in pilgrim garb on the 8th of 
Dht’! Hijja, called the day of tarwiya (an obscure and pre- 
Islamic name), and strictly speaking should spend the 
night at Mind. It is now, however, customary to go right 
on and encamp at once at Arafa. The night should be 
spent in devotion, but the coffee booths do a lively trade, 
and songs are as common as prayers. Next forenoon 
the pilgrim is free to move about, and towards mid- 
day he may if he pleases hear asermon. In the after- 
noon the essential ceremony begins; it consists simply in 
“standing” on ‘Arafa shouting Labbeyka and reciting 
prayers and texts till sunset. After the sun is down the 
vast assemblage breaks up, and a rush (technically ifdda, 
daf', nafr) is made in the utmost confusion to Muzdalifa, 
where the night prayer is said and the night spent. Before 
sunrise next morning (the 10th) a second “ stand ”’ like that 
on ‘Arafa is made for a short time by torchlight round the 
mosque of Muzdalifa, but before the sun is fairly up all 
must be in motion in the second ifada towards Mina. The 
day thus commenced is the ‘‘day of sacrifice,” and has four 
ceremonies—(1) to pelt with seven stones a cairn (jamrat 
el ‘akaba) at the eastern end of W. Mind, (2) to slay a victim 
at Mina and hold a sacrificial meal, part of the flesh being 
also dried and so preserved, or given to the poor,! (3) to be 
shaved and so terminate the ihram, (4) to make the third 
ifida, i.e., to go to Mecca and perform the tawaf and say 
Comrat el-ifada), returning thereafter to Mind. The sacri- 
fice and visit to Mecca may, however, be delayed till the 
11th, 12th, or 13th. These are the days of Mind, a fair anda 
joyous feast, with no special ceremony except that each day 
the pilgrim is expected to throw seven stones at the jamrat 
el’ akaba, and also at each of two similar cairns in the valley. 
The stones are thrown in the name of Allah, and are gene- 
rally thought to be directed at the devil. This is, however, 
a custom older than Islém, and a tradition in Azraki, p. 412, 
represents it as an act of worship to idols at Mina. As the 
stones are thrown on the days of the fair, it is not unlikely 
that they have something to do with the old Arab mode of 
closing a sale by the purchaser throwing a stone (Birdni, p. 
328).2. The pilgrims leave Mina on the 12th or 13th, and 
the hajj is then over. 

The colorless character of these ceremonies is plainly due 
to the fact that they are nothing more than expurgated 
heathen rites. In Isl4m proper they have no raison d’étre ; 
the legends about Adam and Eve on Arafa, about Abra- 
ham’s sacrifice of the ram at Thabir by Mina, imitated in 


1 The sacrifice is not indispensable except for those who can af- 
ford it and are combining the hajj with the ‘omra, 

2On the similar pelting of the supposed graves of Abii Lahab 
and his wife (Ibn Jubair, p. 110) and of Abi Righal at Mugham- 
mas, see NOldeke’s translation of Tabari, p. 208, 
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the sacrifices of the pilgrimage, are mere clumsy after- 
thoughts, as appears from their variations and only partial 
acceptance. It is not so easy to get at the nature of the 
original rites, which Isl4m was careful to suppress. But 
old usages were not quickly eradicated, and we find men- 
tion of practices condemned by the orthodox, or forming no 
part of the Moslem ritual, which may be regarded as traces 
of an older ceremonial. Such are nocturnal illuminations 
at Mind (Ibn Batita, i. 396), “Arafa, and Muzdalifa (Ibn 
Jubair, p. 179), and tawafs performed by the ignorant at - 
holy spots at ‘Arafa not recognized by law (Snouck-Hur- 
gronje, p. 149 sqg.). We know that the rites at Muzdalifa 
were originally connected with a holy hill bearing the name 
of the god Kuzah (the Edomite Kozé) whose bow is the 
rainbow, and there is reason to think that the ifadas from 
‘Arvafa and Kuzah, which were not made as now after sun- 
set and before sunrise, but when the sun rested on the tops 
of the mountains, were ceremonies of farewell and saluta- 
tion to the sun-god. . 

The statistics of the pilgrimage cannot be given with 
certainty and vary much from year to year. The quaran- 
tine office keeps a record of arrivals by sea at Jiddah 
(30,271 for the year 1878 A.D., or 1295 A.H.); but to these 
must be added the great overland caravans from Cairo, Da- 
mascus, and ‘Irak, the pilgrims who reach Medina from 
Yanbu’ and go on to Mecca, and those from all parts of the 
peninsula. Burckhardt in 1814 estimated the crowd at 
‘Arafa at 70,000, Burton in 1853 at 50,000, “Abd el-Razzdk in 
1858 at 60,000. This great assemblage is always a danger- 
ous centre of infection, and the days of Mind especially, 
spent under circumstances originally adapted only for a 
Bedouin fair, with no provisions for proper cleanliness, and 
with the air full of the smell of putrefying offal and flesh 
drying in the sun, produce much sickness. 


Literature —Besides the Arabic geographers aud Winall (aiatnalg 
many of whom have been already cited, we have Ibn ‘Abd Rab- 
bih’s description of the mosque, early in the 10th century (‘kd 
Farid, Cairo edition, iii. 362 sq.), but above all the admirable re- 
cord of Ibn Jubair (1184 a.D.), by far the best account extant of 
Mecca and the pilgrimage, It has been much pillaged by Ibn 
Batiita. The Arabic historians are largely occupied with fabulous 
matter as to Mecea before Islam; for these legends the reader may 
refer to C. de Perceyal's Essai. How little confidence can be 
placed in the pre-Islamic history appears very clear from the dis- 
torted accounts of Abraha's excursion against the Hijaz, which 
fell but a few years before the birth of the Prophet, and is the first 
event of Meccan history which has confirmation from other 
sources. See Néldeke’s version of Tabari, p. 204 sg. For the period 
of the Prophet Ibn Hisham and WaAkidi are valuable sources in- 
topography as well as history. Of the special histories and de- 
scriptions of Meeca published by Wiustenfeld (Chroniken der Stadt 
Mekka, 3 vols., 1857-59, with an abstract in German 1861), the most 
valuable is that of Azraki. It has passed through the hands of 
several editors, but the oldest part goes back to the beginning of 
the ninth Christian century. Kutb El-Din’s history (vol. iil. of 
eae Ccansies) goes down with the additions of his nephew to 
592 A.D. 

Of European descriptions of Mecca from personal observation 
the best is Burckhardt’s Travels in Arabia (cited above from the 
8vo ed., 1829). The Travels of Aly Bey (Badia), London, 1816, de- 
scribe a visit in 1807; Burton’s Pilgrimage (3d ed., 1879) often sup- 
plements Burckhardt; Von Maltzan’s Wallfahrt nach Mekka, 1865, 
is lively but very slight. ‘Abd el-Razzik’s report to the Govern- 
ment of India on the pilgrimage of 1858 is specially directed to 
sanitary questions. For the pilgrimage see particularly Snouck- 
Hurgronje, Het Mekkaansche Feest, Leyden, 1880, 8.) , 
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TRICTLY speaking, the derivation of this word 

should have prevented the use of it as the desig- 
nation of a pure science. It has been, however, em- 
ployed for a long period in English speech in the iden- 
tical sense that the French attach to Mécanique pure or 
the Germans to Reine Mechanik. These terms are all 
employed to denote what we should much prefer to call 
Abstract Dynamics,—the pure science which (as the 
derivation implies) treats of the action of Force upon 
Matter, but which is, correctly, the Science of Matter 
and Motion or of Matter and Energy. 

With the view of making clear from the outset the 
reason for the arrangement adopted in this article, we 
commence by stating in Newton’s own words (accom- 
panied by a paraphrase) the Axiomata, sive Leges Mo- 
tus, which form the entire basis of our subject. ‘These 
laws will at once indicate the order in which the sub- 
ject may most logically be treated. We defer to the 
end of the article the more close consideration of the 
idea introduced by the word ‘‘force,’’ as well as gen- 
eral remarks on “‘energy,’’ ete. For the present we 
are content to regard force as defined for us by New- 
ton’s Laws. 


Newton's Laws of Motion. 


21. Lex I. Corpus omne perseverare in 
statu suo quiescendi vel movendi uniformiter 
in directum, nisi quatenus illud a viribus 
impressis cogitur statum suum mutare. 

very body continues in its state of rest, or of uniform 
motion in a straight line, except in so far as it 7s com- 
pelled by force to change that state. 

Lex If. Mutationem motus proportion- 
alem esse vi motrici impressee, et fieri se- 
cundum lineam rectam qua vis illa imprimitur. 

Change of (quantity of) motion %s proportional to 
force, and takes place in the straight line in which the 


Sorce acts. 

Thirdlaw, Ue IIL. Actioni contrariam semper et 
sequalem esse reactionem; sive corporum 

duorum actiones in se mutuo semper esse eequales et in 

partes contrarias dirigi. 

To every action there is always an equal and contrary 
reaction; or the mutual actions of any two bodies are 
always equal and oppositely directed. 

22. In 1863 Thomson and Tait (upon 
whose 7reatise on Natural Philosophy much 
of what follows is based) called attention to the fact 
that, as regards Lex ILI., Newton gives in a scholium 
a second sense in which the words may be interpreted. 
In the first sense the action and reaction are mere 
forces, in the second they are the rates at which forces 
do work. Hence, and for another reason which will 
appear later, the word “‘ activity ’’ has been introduced 
as the English equivalent of the word actio in Newton's 
second sense. Here is the passage :— 

Si estimetur agentis actio ex ejus vi et velocitate 
conjunctim; et similiter resistentis reactio sestimetur 
conjunctim ex ejus partium singularum velocitatibus et 
viribus resistendi ab earum attritione, cohzesione, pon- 
dere, et acceleratione oriundis; erunt, actio et reactio, 
in omni instrumentorum usu, sibi invicem semper 
aequales, 

If the activity of an agent be measured by tts amount 
and its velocity conjointly ; and a, similarly, the coun- 
ter-activity of the resistance be measured by the velocities 
of its several parts and their several amounts conjointly, 
whether these arise from friction, molecular forces, 
weight, or acceleration ;—activity and counter-activity, 
in all combinations of machines, will be equal and 


osite. : 
eT his may be looked upon as a Fourth Law. But, in 
strict logic, the First Law is superfluous, because its 


Newton's 
first law. 


Second law. 


Scholium, 


consequences are all implied (by negation) in the state- 
ment of the Second. (See 28 below.) Hence there 
are, virtually, only three laws, so far as Newton's sys- 
tem is concérned. 

4.3, These laws are to be considered as pacis of 
deductions from observation and experi- Newton's 
ment, and in no sense as having an @ priori |ws. 
foundation. Their proof, so far as rigorous proof is 
attainable in physical matters, is commonly looked on 
as being furnished in the most conclusive form by 
observational astronomy. The Nautical Almanac, 
published usually about four years in advance, contains 
the predicted places of the sun, moon, and principal 
planets from day to day, in some cases from hour to 
hour, throughout the year. The predictions are en- 
tirely based upon the laws of motion (along with the 
law of gravitation), and could not possibly be accurate 
unless these laws are true. So thoroughly satisfactory 
has hitherto been the coincidence between prediction 
and observation that, when a deviation occurs, no one 
dreams of a defect in the principles of the reasoning. 
On the contrary, such deviations are utilized for the 
purpose of correcting our knowledge of the ‘‘ elements ”’ 
of the orbits of the moon and planets, or our estimates 
of the masses of these bodies; and, as in the brilliant 
investigations of Adams and Leverrier, they sometimes 
enable us to discover the existence and even assign the 
position of a planet never before seen. 

24. It is not clear in what order, or by Newton's 
whom, these laws were first discovered, predeces- 
Galileo was undoubtedly acquainted with °°" 
the first two; and Huygens, ren, Hooke, and others 
were acquainted with the Third Law in some of its 
many applications. But they were first systematized 
and, as we have seen, extended in a most important 
manner by Newton. Though they were sadly disfigured 
in Britain during the fifty years which elapsed after 
the revival of mathematics in the early part of this 
century, they have of late been restored to the form in 
which Newton gave them. This readoption of New- 
ton’s simple but comprehensive system has of itself 
aided in no small degree the recent rapid advance of 
science. 

One peculiarity of Newton’s language 
must be noticed here, though very briefly, 
as we will return to the subject towards 
the end of the article. A force is said to ‘‘compel’”’ 
a change of state in a body; bodies are said mutually 
to ‘tact’? on one another, etc. Such language is, of 
course, in its literal acceptation, of an anthropomorphic 
character ; but, if one thinks of the habitual use even 
in scientific books of such expressions as ‘‘the sun 
rises,’’ ‘‘ the wind blows,’’ etc., it cannot be construed 
into an assertion that force has real objective existence. 


Anthropo- 
morphisms. 
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Comments on the Laws of Motion. 


25. Law I. First of all this law tells us 
what happens to a piece of matter which is 
left to itself—7. e., not acted on by forces. 
It preserves its ‘‘state,’’ whether of rest or of uniform 
motion in a straight line. This property (which, as 
we shall presently show, 27, is considerably extended 
by Newton himself) is commonly called the 
‘“inertia’’ of matter, in virtue of which it 
igs incapable of varying in any way its state of rest or 
motion. It may be the sport of forces for any length 
of time, but so soon as they cease to act it remains in 
the state in which it was left until they recommence 
their action on it. Hence, whenever we find the state 
of a piece of matter changing, we conclude that it is 
under the action of a force or forces. Thus, for the 
present, we have the definition of ‘‘force’’ as part of 
this First Law :— 


Definition 
of force. 


Inertia, 
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Force is whatever changes the stute of rest or uniform 
motion of a body. 

When a body, originally at rest, begins to move, we 
conclude that force is acting on it. And when a moy- 
ing body is seen to change either the speed or the direc- 
tion of its motion, we conclude that this is due to force.’ 
26. But there is much more than this, 


Absolute ‘ : ¢ 
and even in the First Law. What is ‘‘rest’’? 
relative. The answer must be that the term is relative. 


Absolute rest and absolute motion are terms to which 
we find it impossible to assign a meaning. Maxwell 
has well said (in his Matter and Motion) :— 

“All our knowledge, both of time and place, is essen- 
tially relative. When a man has acquired the habit of 
putting words together without troubling himself to form 
the thoughts which ought to correspond to them, it is easy 
for him to frame an antithesis between this relative know- 
ledge and a so-called absolute knowledge, and to point out 
our ignorance of the absolute position of a point as an in- 
stance of the limitation of our faculties. Any one, however, 
who will try to imagine the state of a mind conscious of 
knowing the absolute position of a point will ever after be 
content with our relative knowledge.” 

As will be seen later, the First Law gives us also a 
physical definition of ‘*time,’’ and physical modes of 
measuring it. 

27. Newton’s own comment on this law 
is as follows :— 

Projectilia perseverant in motibus suis, 
nisi quatenus a resistentia aeris retardantur, 
et vi gravitatis Impelluntur deorsum. ‘Trochus, cujus 
partes coheerendo perpetuo retrahunt sese a motibus 
rectilineis, non cessat rotari, nisi quatenus ab aere re- 
tardatur. Majora autem planetarum et cometarum 
corpora motus suos et progressivos et circulares, in spa- 
tiis minus resistentibus factos, conservant diutius. 

It is particularly worthy of notice that we have here 
the undisturbed rotation of a body about an axis intro- 
duced as another of those ‘“‘states’’ in which it will con- 
tinue, in virtue of the! First Law, until force acts to com- 
pel it to change that state. - Also it is to be noticed 
that Newton adduces a hoop, whose axis is fixed in 
direction both in the body and in space, as an example 
of this new form of state maintained in virtue of inertia. 
Later, it will be seen that the same thing is true of a 
body free in space and rotating about the principal axis 
of greatest or of least moment of inertia through its 
centre of mass.” 

28. Law II. What Newton designates by 


Newton's 
comments 
on the first 
law. 


Conse- " * 
quences the word motus is, as he has clearly pointed 
ofsecond out, the same as is expressed by quantitas 
law ? i yq 


motus, that for which we now usually em- 
ploy the term ‘‘momentum.’’ Its numerical value 
depends not only on the rate of motion, but also on the 
amount of matter, or ‘‘ mass,’’ of the moving body, and 
is directly proportional to either of these when the other 
is unaltered. But it is regarded by Newton as haying 
direction as well as magnitude. It is, in fact, what in 
the language of quaternions is called a ‘‘ vector.’’ The 
change of such a quantity may be either in numerical 
magnitude, or in direction, alone, or simultaneously in 
both. We now see what this Second Law enables us 
todo. For 

(w) Given the mass of a body, the force acting on it, 
and the time during which it acts, we can calculate the 
change of motion. This is the direct problem of dyna- 
mics of a particle. 

(5) Given the mass, and the change of velocity, we 


1 The words we have italicized will be seen to have very im- 
portant bearings on certain old errors which even now crop up, 
and which have introduced one of the most inappropriate and 
apparently ineradicable of terms (‘ centrifugal force”) into the 
usual vocabulary of our subject. 

2Jt is also, in a partial sense, true of a free body of which two 
principal axes through the centre of mass have equal moments 
of inertia. In that case, as we will show later, even when 
couples act upon the body, provided they be in planes passing 
through the third axis, the rate of rotation about that axis re- 
mains unaltered, though its direction in space changes. This is 
approximately the case of the earth. The attractions of the sun 
and moon on the protuberant parts about the equator produce 
“precession” and “‘nutation,” but do not influence the length 
of the day. 
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can calculate the magnitude and direction of the force 
acting. 'Thisis the cnverse problem. 

(c) We can compare, and so measure, forces by the 
ae of motion they produce in one and the same 

ody. 

(d) We can compare the masses of different bodies 
by finding what changes of velocity one and the same 
force produces in them. 

(e) We can find the one force which is equivalent, in 
its action, to any given set of forces. For, however 
many changes of motion may be produced by the sep- 
arate forces, they must obviously be capable of being 
compounded into a single change, and we can calculate 
what force would produce that.* 

29. Hitherto, we have spoken of the mo- Necessity 
tion of a body,—thus implying (except, of fora third 
course, in the case of Newton’s hoop or that 
of the earth) that all its parts are moving in exactly the 
same way. From this point of view every body, how- 
ever large, may be treated as if it were a single particle. 
But when the parts of a body have different velocities, 
as when a rigid body is rotating, or as when a non-rigid 
body is suffering a change of form, the question becomes 
much more complex. We cannot at this stage enter 
into a full explanation, but will take a couple of very 
simple cases to show the nature of the new difficulties, 
and thence the necessity for an additional law. 

Suppose a bullet to be thrown in any direction, If 
we know with what force the earth attracts it, the cal- 
culation of the path it will pursue depends on the Sec- 
ond Law, which gives all the necessary preliminary in- 
formation. But let two bullets be tied together by a 
string: we know by trial that each moves, in general 
in a manner very different from that in which it would 
move if free. The path of each is now, usually, a tor- 
tuous curve, while its free path would be plane. _ It is 
no longer subject to gravity alone, but also to what is 
called the ‘‘tension”’ of the string. If we knew the 
amount of this tension on either of the bullets and its 
direction, we could calculate, by the help of the Second 
Law alone, all the circumstances of the motion of that. 
bullet. But how are we to find this tension? Is it 
even the same for each bullet? This, if answered in 
the affirmative, would simplify matters considerably 
but we should still require to know the amount and 
direction of the tension. It is clear that, without a 
further axiom, we cannot advance to a solution of the 
question. 

210. Law II. Furnished with this, in 


bah _ : : Conse- 
addition to our previous information, we can quences 
attack the question with more hope. We ?fthird 


see by this law that, whatever force be ex- 
erted by the string on one of the bullets, an equal and 
opposite force, which must therefore be in 
the direction of the string, is exerted on the 
other. Still, the magnitude of these equal 
forces remains to be found. But the string in no way 
interferes with the motion of either bullet wnless tt is 
tight, t.e., unless the distance between the bullets is 
equal to the length of the string. Hence, whenever 
the unknown force comes into play, at the same time 
there comes in a geometrical relation of relative position 
between the two bullets. his supplies the additional 
equation necessary for the determination of the new un- 
known quantity. 

#11. As an additional illustration, sup- 
ose the string to be made of india-rubber. ¢ovetraint 
he Third Law tells us that the tensions it ; 

exerts on the bullets are still equal and opposite. But 
we no longer have the geometrical condition we had 
before. We have, however, what is quite sufficient, a 
knowledge of how the tension of the string depends on its 


3 It is to be observed here that Newton's silence is as expressive 
as hisspeech. When hesays “ change of motion” we understand 
that it does not matter what the original motion was; and, when 
he mentions only one force, he implies that the effect of any one 
force is the same whetlicr others are also at work ornot. In 
fact, with Newton there can be no balancing of forces, though 
inere may be balancing of the effects of forces, a very different 

ing. 
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length. Thus the tension can be calculated from the 
relative position of the bullets. 
Transfor- 212. Scholium to Law III. On this we 
vs ofen- will, for the present, remark only that it 
TBY: furnishes us with the means of studying di- 
rectly the transference of energy from one body or sys- 
tem to another. KHxperiment, however, was required 
to complete the application of this part of Newton’s 
systematic treatment of the subject. What was wanted, 
and how it has been obtained, will be treated of later. 
The first. words of the scholium, however, claim for 
Newton the discovery of the clause we have extracted 
from it. For they run thus:—Hactenus principia tra- 
didi a mathematicis recepta, et experientia multiplici 
confirmata. ; 

413. What has now been said enables us 
to see the order in which the fundamental 
ideas should be taken up, so that the neces- 
sities of each should be provided for before its turn 
comes. An indispensable preliminary is the study of 
motion in the abstract, 7. e., without any reference to 
what is moving. This is demanded in order that we 
may be able to apply the Second Law. The science of 
pure motion, without reference to matter or force, is an 
extension of geometry by the introduction of the idea 
of time and the consequent idea of velocity. Ampére 
suggested for it the term Cinematique, or, as we shall 
write it, Kinematics. We include under it all changes 
of form and grouping which can occur in geometrical 
figures or in groups of points. 

We shall then be prepared to deal with the action of 
force on a single particle of matter, or on a body which 
may be treated as if it were a mere particle. ‘hus we 
have the Dynamics of a Particle. This, again, splits 
into two heads, Statics and Kinetics of a Particle. But 
all this requires the Second Law only. When we have 
two or more connected particles, or two particles attract- 
ing one another or impinging on one another, the Third 
Law is required. Next in order of simplicity come the 
Statics and Kinetics of a Rigid Solid. 
to deal with bodies whose form, ete., are altered by 
forces—flexible bodies, elastic solids, fluids, ete. Final- 
ly, we must briefly consider the general principles, such 
as ‘‘ conservation of energy,’’ ‘‘ least action,’’ ete., which 
are deducible by proper mathematical methods from 
Newton’s Laws, and of which some at least, if we could 
more clearly realize their intrinsic nature, would prob- 
ably be found to express even more simply than do 
Newton's Laws the true fundamental principles of ab- 
stract dynamics. 

We will not restrict ourselves to one uniform course 
in the application of mathematical methods. Rather, 
as considerations of space require to be attended to, we 
will vary our methods from one part of the subject to 
another, so as to exhibit, each at least once, all the 
more usual processes. And we will endeavor to make 
the large-type portions of the article, in which only the 
most elementary mathematics will be introduced, a self- 
contained treatise which may be read by students of 
very moderate mathematical knowledge. 


KINEMATICS. 
Position and the Means of Assigning it. 


214. Motion (or sem hme consists 
simply in ‘‘ change of position.’’ Hence, to 
describe motion, we must have the means of assigning 
osition. This is, of course, a question of GEOMETRY 
q.v.). See also QUATERNIONS. 
From these articles it appears that the position of 
one free point with reference to another (all these space 
relations are relative, as we have already said) depends 
on three numbers, of which one at least must involve the 
unit of length. In Cartesian rectangular co-ordinates 
we denote these by a, y, z, which indicate respectively 
the distance of the point from each of three planes at 
right angles to each other, and all passing through the 
origin (or reference point). From another point of 
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Then we have | 
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view they may be called “‘ degrees of free- 
dom.’’ When the value of one is assigned, 
say by 


Degrees of 
freedom, 


t=4, ; 
the point is said to have lost one degree of 
freedom, or to have had imposed upon it 
one ‘‘ degree of constraint.’’ It must now 
lie in a plane parallel to the first of the ref- 
erence planes, and at a distance a from it. 
second degree of constraint is applied, say by 
se b, 

another degree of freedom islost. The point’s position 
is limited to lie in a second plane in a given position at 
right angles to the first. It must therefore lie some- 
where on the straight line which consists of the series 
of points common to the two planes. -A third degree 
of constraint 


of con- 
straint, 


When a 


=C¢ 


takes away its one remaining degree of freedom; and 
its position is now definitely assigned as the single point 
of intersection of three given planes. 

215. But constraint may be applied in other ways. 
Thus if we assign tbe condition 

Prd + y + 2= a, 

we deprive the point of one degree of freedom by com- 
pelling it to remain at a distance a fromthe origin. It 
1s now limited to the surface of a sphere, but its lati- 
tude and longitude on that sphere may be any what- 
ever. Here again the imposition of one degree of con- 
straint has taken away one degree of freedom. 

216. In general, one degree of constraint 


Examples 
may be expressed as 


of con- 
straint. 


f(x, Y 2) — & 
This, when € has an assigned value, is the equation of 
a definite surface on which the point must lie. Three 
such conditions determine the position of the point, and 
may therefore be looked upon as introducing £, 7, ¢, 
another set of co-ordinates, which may be used in place 
of x,y,z. The number of such systems is, of course, un- 
limited ; but it is often possible to choose one in which 
the conditions of a problem are much more simply ex- 
pressed than they were when expressed in a, y, z. The 
whole question belongs to what is called ‘‘change of 
variables.’’ ‘To give an elementary instance of its use,— 
suppose we take the ordinary simple pendulum, a pel- 
let supported by a fine thread or wire, and oscillating 
in a vertical plane. _ If the origin be placed at the point 
of suspension, and the axis of z be vertical, we have two 
conditions :— 

x? +4? +22= a}, 
where «1s the length of the thread; and 

ylx = tan e, 
where « denotes the azimuth of the plane of oscillation. 
There is but one degree of freedom left, because two 
degrees of constraint have been imposed. -We may 
choose for this either x, ¥, or 2; but we should in each 
case be led to complex expressions. If, however, we 
consider that all the freedom left to the pendulum is to 
oscillate ina given plane, we may denote its sole re- 
maining degree of freedom by 6, the angle which the 
string makes with the vertical; and form our dynami- 
cal equation in terms of this. When @ is found by 
dynamical considerations, we have 

Z=a sin 4 cos a, y=a sin sin «, z=«a cos 8, 

Here 6 comes in as what is called a “‘ gen- 
eralized co-ordinate.” 

If the pendulum be not limited to one 
plane, the azimuth, as well as the angle, of the displace- 
ment from the vertical may be any whatever. Hence 
there are two degrees of freedom, which are indicated 
by the generalized co-ordinates « and @. 

217. In general, in any system originally with any 
number m of degrees of freedom, and subjected to a 
number n of degrees of constraint, the whole motion 
can be fully characterized by m— independent quan- 


General- 
ized co-or- 
dinates. 
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tities, called generalized co-ordinates, and corresponding 
to the degrees of freedom which remain. The elegance 
and simplicity of a solution often depend in a marked 
manner upon the choice of these; and the transform- 
ation of the general equations from Cartesian to gen- 
eralized co-ordinates forms one of the most powerful 
and elegant contributions to abstract dynamics which 
Lagrange made in the Mécanique Analytique. 

218. A rigid system has only siz degrees 
of freedom :—three translations for any one 
of its points, and three independent rota- 
tions about axes passing through that point. 

When one point is fixed, it loses the three transla- 
tions, and has only three degrees of freedom. When 
a second point is fixed, it loses other two; in fact it 
can no longer move except by turning round the line 
joining the fixed points. When a third point, not in 
line with the other two, is fixed, there is no degree of 
freedom left; the system is fixed. 

219. It may be well to notice here that, in 


Freedom of 
a rigid 
system. 


ae eae all cases which we shall require to consider, 
among whatever be the relations among two different 
smali sets of variables which we employ alternatively 
cea co determine the relative positions of the parts 


of any system, the equations which give the 
relations between corresponding small increments of these 
variables are always linear so far as these increments are 
concerned, Thus, for instance, if we have as above a con- 
dition of the form 

F(z, Ys 2) =, 
we deduce from it at once 


(35) ex + (atu +( ale = &, 


Here the differential coefficients are partial. 

In such cases, any homogeneous function of the second 
order in 62, dy, 6z, ete., will be represented by a homogeneous 
function, also of the second order, in 6&, 4y, etc., however 
many be the co-ordinates in the separate systems, When, 
however, one or moreof the equations of condition involves 
the element of time explicitly, the relations among corre- 
sponding small increments of the alternative sets of co-ordi- 
nates, though still linear, will not be homogeneous. Thus a 
homogeneous function of the second order in one set willbea 
function of the second order in the other set, but not homo- 
geneous, unless the increments are produced instantaneously. 

To give a single instance, suppose that the string of a 
simple pendulum (not necessarily oscillating in one plane) 
contracts uniformly. We shall-now have 

x? +y? +22 =(a—et)? 
instead of the equation in the example ? 15, and one of 
our equations among increments is 
ada + ydy + 26z= — e(a—et)ét, 
which, though still linear, is no longer homogeneous in the 
increments of co-ordinates. 


Kinematics of a Point. 


Continuity 220. The one necessary characteristic of 
ee Serta the path described by a moving point is its 
point. 


continuity. There can be no break or gap 
init. But, as we study kinematics, at present, solely 
for its physical applications, we impose a restriction on 
such complete generality. The path of a moving par- 
ticle must be one of continuous curvature, unless either 
(1) the motion ceases and commences again in a differ- 
ent direction (in which case we have two separate and 
successive states of motion to consider), or (2) an in- 
finite force is applied to the particle (a case which we 
need not consider). A similar remark, we may say in 
passing, applies to velocity also. So that, for our pur- 
pose, we may confine ourselves to the geometrical prop- 
erties of the motion of a point whose rate and direction 
of motion change continuously, if at all, and not by fits 
and starts. 

2 21. If the point describe a straight line, 
that line gives the direction of its motion 
at every instant. If it describe a curve, 
the direction of its motion is at every instant that of 
the corresponding tangent to the curve. 

Let A, B, C, D represent four points on 
the path taken in close succession, in the 
order in which the moving point reaches 


Direction 
of motion. 


Change of 
direction. 
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them. From A the point moves to B, so that the 
line joining A and B (the tangent) is the direction of 
motion at A. Similarly the line joining B and C gives 
the direction of motion at B. The points A, B, C of 
course lie inone plane. This is the plane in which, for 
two successive elements of its path, the point is mov- 
ing. It is therefore that in which the change of direc- 
tion of motion takes place, and is called the 
‘‘osculating plane.’’ And, just as the 
straight line through A and B gives the 
direction of motion at A, so the circle passing through 
the points A, B, C determines the ‘‘ curvature’’ of the 
path at A. If we apply the same reasoning to the 
three successive points B, C, D, we see the difference 
between a ‘‘plane’’ and a “‘tortuous’’ curve. For, if 
D lie in the plane ABC, the osculating plane is the 
same at A and at B; and if the same holds for other 
successive points, the whole bending takes place in one 
plane. But if D be not in the plane C, BCD is 
the osculating plane at B, and we thus see that suc- 
cessive positions of the osculating plane of a 


Oseulating 
plane. 


tortuous curve are produced by its rotation i saad 
‘ ; 
about the tangent BC to the path; for BO 


is in both planes ABC and BCD. We shall not have 
space here to deal in detail with cases of tortuosity ; 
but it was necessary to point out their essential nature. 
222. The curvature of ABC obviously de- 
pends upon the change of direction from Sad hei 
AB to BC, and is directly proportional to it. But it is 
obviously greater, for the same amount of change of 
direction, as ABC is less. In a circle the curvature is 
the same at all points, and, as the radius is everywhere 
perpendicular to the tangent, the change of its direc- 
tion is the same as that of the tangent. Hence the cury- 
ature, being the change of direction per unit length of the 
arc, is measured simply by the reciprocal of the radius. 
Generally, if ¢ be the angle between the tangent at A 
and any fixed line in the osculating plane, and if s represent 
the length of the curve measured from any fixed point on 
it to A, we have, by the fundamental property of infinites- 
imals, 
és ds 
(We will use, as above, the letter L for a limit, in the sense 
in which that term was introduced by Newton.) 
In a circle we have always (a being the radius) 


L po = curvature. 


s=aph, 

and hence the curvature 
dp _1, 
ds a’ 


so that in general the measure of curvature is the recipro- 
cal of the radius of the circle passing through three con- 
secutive points of the path. For other analytical expres- 
sions for curvature see vol. xiii. p. 28. 

For a curve in space (whether tortuous or not) we haye 


@a\?, (ay\2 ey \2 

Curvature = =4\(53) + ($2) + i) 7 
while the direction cosines of the radius of curvature are 

Pe, dy, We 
Pas? Pas? 
2 23. The chief properties connected with ryotute 
the curvature of a plane curve are made and 
very clear by the artifice of regarding it as ™V0lte- 

an “‘involute.’’ This idea intro- 
duces us to the kinematics of a 
flexible and inextensible line. Sup- 
pose such a line, held tight, to be 
wrapped round a cylinder of any 
form, in a plane perpendicular to 
its axis, each point of it, when it 
is unwound in its own plane, will 
describe a curve whose form de- 
pends upon that of the trans- 
verse section of the cylinder. 
Let P.»M’M (fig. 1) be such a 
section of the cylinder; MP, M’P’, two positions of 
the free part of the cord; P, P’, the corresponding 
positions of a definite point of the cord; PP’P, the 


M 
M 


ou 


Aieask 
Fig 1. 
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path described by that point. Then PP’P, is one of 
the involutes of MM’P,; the others are the curves 
traced by other points of the string. But, with refer- 
ence to PP’P,, the curve MM’P, is the ‘‘evolute.”’ 
The evolute of such a curve is, in fact, unique ; for it 
is obvious that.the line MP, in any of its positions, is 
revolving about the point of contact M with the evo- 
lute; so that P describes an infinitesimal are of a 
circle of which M is the centre. Thus the evolute of 
a plane curve is the locus of its centre of curvature. 
And it is clear from the genesis of the involute that 


PM = P/M’ + M’M=P,)M’'M. 


For the analytical discussion of evolutes, see vol. xiii. 
mes. : 

: The subject of evolutes is of importance in various 
branches of physics, especially in optics. In mechanics 
its chief use is connected with the theory of the pen- 
dulum, as it shows how to cause the bob to move in a 
eycloid, the only path in which the time of oscillation 
is the same whatever be the extent of the oscillations. 

Bhs 424. When the line, curved or straight, 
ae in which the motion takes place is given, 
the position of the moving point is at once assigned in 
terms of a single numerical quantity. In fact, it has 
only one degree of freedom, and its position is known 
by the length of the are of the curve from any fixed 
point to the given position. In such a case as this we 
are not concerned with the direction of the motion, for 
that is already assigned at every point of the path. 
We are concerned only with what we may all the 
“speed’’ of the motion. (We purposely avoid the 
use of the term ‘‘velocity’’ here, because it properly 
includes direction as well as speed, as will be seen 
later. ) 

2 25. Suppose an observer to be watching 
the motion (as, for instance, a traveller by 
rail notes the telegraph posts which he 
passes, referring at each to his watch), and to find that 
at any time ¢, the moving point was at s,, while at 
time f, it was at s.. 

Then it is clear that the average 

art of the motion is to be found by dividing the num- 
i of units of space passed over by the number of 
units of time employed. For it must be greater as the 
former is greater and less as the latter is greater. 


Average 
speed. 


speed during this 
ff 


Measure- eg Pers! 
ment of Hence the average speed is ie If the 
uniform speed has been wniform during the motion 


observed, this average value has coincided with the 
actual value all through; and, if the measures of space 
and time are accurate, we shall get exactly the same 
value of this ratio whether the interval of time is small 
or large. Hence, if v be the speed of a uniformly 
“moving point, the space it describes in time ¢ is vt. 
ut if the speed has been variable, it must 


and of A 
variable at some parts of the interval have been 
speed. greater, at others less, than this average. 


And the shorter we take the interval the less will be 
the difference between the greatest and least speeds 
during its lapse, so that the average speed will coincide 
more and more nearly with the actual speed. In the 
language of ‘‘fluxions’’ (which was invented for the 
sake of this subject) the measure of the speed at any 
time ¢, is 


when the interval ¢, — ¢, is shortened indefinitely. The 
accuracy of the preceding process depends entirely 
upon the limitations we have introduced for the pur- 
pose of confining ourselves to cases which can occur in 
ordinary physical problems. For the general reasoning 
on which it is based is obviously inapplicable to cases 
in which the speed alters by jerks—at least during the 
interval considered, small as it may be. But we are 
fortunately not required to discuss here the very deli- 
cate questions to which this may give rise. Consider- 
able difficulty is sometimes felt by a student when he is 
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told that at a certain part of its course a point has a 
speed say of 10 miles an hour, while the whole course 
may be only a few inches. But this arises from the 
novelty ef the conception. It is not meant, when we 
speak of a speed of 10 miles per hour, that the motion 
necessarily lasts for an hour, or even for a second, but 
only that, 7f the then speed were to be maintained con- 
stant for an hour, the moving points path, of whatever 
form, would be exactly 10 miles long. In actual expe- 
rience in a railway train we can judge the speed 
(roughly at least), and we find nothing strange in say- 
ing, ‘‘ Now we are going at twenty miles an hour,” 
‘* Now at six,’’ and so on. And it is clear that, after 
the steam is put on, the train, however short its run, 
must go through all rates of speed from zero to its 
maximum, and then through all of them to zero again, 
when the steam is cut off and the brake applied. 


In the language of the differential calculus this be- 
comes 


The fluxional notation of Newton, in which the dot over 
a quantity expresses the rate of its increase, i. e., its differ- 
ential coefficient with regard to time considered as the in- 
dependent variable, is still very convenient in abstract 
dynamics, and is, in fact, indispensable when we come 
to the higher generalizations. We shall, therefore, freely 
employ it when it is specially useful. 


2 26. Whether uniform or variable, speed 
depends for its numerical value upon the 
units chosen for linear space and for time. 
Its dimensions are | LT-'], and consequently its numer- 
ical expression is increased in proportion as the unit of 
time is increased, and diminished in proportion as that 
of length is increased. Thus the speed represented by 
10 in feet per second becomes 


3600... 75 
5280-1 
when expressed in miles per hour. 
¢ 27. The rate at which the speed (when Rate of 
not uniform) changes is found by a process change 
precisely similar to that employed for the ° ‘Peed. 
speed itself. Let the speed 


Dimensions 
of speed. 


at time ¢, be observed to be 2, 
ce ec ce to * 
ty U2; 
then the average rate of increase of speed during the 
interval is 
Pad, 
t,—t, 


The dimensions of this quantity are obviously [LT-?]. 
Thus its numerical value is diminished, like that of 
speed, in proportion as the unit of length is increased. 
But it is increased in the duplicate of the proportion 
in which the unit of time is increased. For instance a 
rate of increase of speed of 32°2 feet per second per 
second (the mere statement is enough to show the 
double dependence on the time unit) becomes 


(3600)? 
5280 
when expressed in terms of miles and hours. 

2 28. When the rate of increase of speed wniform 
is uniform, the above average value is its change 
actual value throughout the interval. Hence °! SPse4- 
with uniform rate of increase=«, a speed V becomes 
in time ¢ 


32°2 = 79,036 nearly, 


v=Viat. 


Also, as it increases uniformly, its average value 
during time ¢ is half way between its values at the 
beginning and end of that time; 7. e., it is 

V+tat. 

The space described during the interval is at once 
found (¢ 25) as the product of the interval and the 
average speed during its lapse ;—/. ¢., it is 

s=Vt+tat?. 


688 


And it is easy to see from these expressions that 
wy? = V2 + 203, 


which gives the speed acquired in terms of thte space 
traversed. 

Stone mov- 229. This is the only case in which the 
ing yerti- result can be reached without formally using 
cay: the methods of the integral calculus. These 
expressions enable us at once to solve a great number 
of simple questions connected with the motion of a 
stone or bullet, under the action of gravity, in a verti- 
cal line. For it is found by experiment that gravity 
impresses, in every second, a downward speed of 32°2 
feet per second on an unsupported body; and, by the 
Second Law, this is independent of the body’s previous 
motion. 

Henee, if a stone be let fall, its speed after ¢ seconds 
is 82°2¢, and the space fallen through is 16‘1¢. Also, 
if it fall through s feet, it will acquire a speed whose 
square is v?=64'4s, 

Again, if a stone be thrown upwards with a speed of 
300 feet per second, after ¢ seconds its speed will be 
300 —32'2¢, and the height to which it has then ascend- 
ed is 300-1612. ‘Thus it stops, and turns, after 

3002 
ae seconds; and the greatest height it reaches is ay 
feet. 

From the statement above, putting s=v, we find 

ee) feet) 
sith oh ese 

From this expression the preceding results may be at 
once obtained. Thus, assuming 

j=a, 
we have by integration 
s=V + at, 
and again 
8=8_ + Vt+tat?. 

As an instance of the indirect problem—. ¢., to find the 
speed, and its rate of increase, when the law of the motion 
is given—suppose 

8 =a coset, 

(This equation describes the simplest form of vibratory 
motion, and will be fully treated later.) We have, by tak- 
ing the fluxion, 


$= — dw sin wt, 
and again 
§ = — aw" cos wt = — ws, 
Velocity. 2 30. Velocity, as we have already said, 


involves the ideas of speed and of direction 
of motion conjointly.’ To compound two velocities (as 
is required in the application of Newton’s Second Law), 
we have the following obyious construction. From any 
fixed point O (fig. 2) draw a line OA representing, in 
magnitude and direc- B 
tion, one of the two ve- 
locities. From its ex- 
tremity A draw AB 
representing in the same 
way, and on the same 
scale, the other. Com- 
plete the triangle OAB. 
Then OB represents in 
magnitude and direc-9 
tion (still on the same Fig. 2 
scale) the resultant ve- uk 
locity. We have called the construction obvious be- 
cause one has only to think of how a point can be said 
to have simultaneous velocities, in order to see its 
truth. Thus, if OA represents the velocity of a rail- 
way train, AB that of a passenger walking in a saloon 
carriage, O may be looked upon as the position of the 
point of the carriage at which he began his walk, at 
the moment when he did begin it; while B represents 
the position of the point of the carriage which he has 
tenchal at the end of his walk, just at the moment 
1 Itis, in fact, in the language of quaternions, a “vector,” of 
which the speed is the “tensor” or agape and of which the 


“versor” assigns the direction. And the laws of composition of 
velocities are in all respects the same as those of vectors. 
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when he did reach it. Here OA is the velocity of the 

carriage relative to the earth, AB that of the passenger 

g_ ‘elative to the carriage. This 

proposition may be called the 

triangle of velocities. Another 

C obvious mode of stating it is to 

complete the parallelogram of 

which OB is a diagonal (fig. 

3); and then we have the 

same construction in the form: 

—If the two velocities to be 

? compounded, represented by 

Fig. 3. OA and OC, be taken as con- 

tiguous sides of a parallelogram, the conterminous diag- 
onal OB represents their resultant. 


¢) 


231. From the triangle of velocities we composi- 
may pass at once to the polygon of veloci- a ve- 


ties, which gives us the resultant of any 
number of simultaneous velocities. Thus, beginnin 
as above at any point O (fig. 4), lay off OA, ‘AB, BO 
(however many there may be) as 
_ successive sides of a polygon all 
taken in thesame direction round. 
The separate velocities may be in 
one plane or not. When this is 
done, the final point C is easily 
seen to be independent of the 
order in which the separate ve- 
locities were taken, and is thus 
a perfectly definite point. OO, 
completing the polygon, repre- 
sents the resultant velocity. 
But it is taken in the opposite direction round. If © 
coincide with O, there is no resultant ;—z. e., a point 
which has, simultaneously, velocities represented by 
the successive sides of any polygon, all taken the same 
way round, is at rest. 


In what precedes, we have denoted the position of the 
moving point in its known path by the single quantity s. 
But if we think of its Cartesian co-ordinates 2, y, z, we see 
that in general each of these must vary during the motion. 
And just as we represented the whole speed by s, so we may 
speak of « as the speed in the direction of the axis of a, 
ete. And now we have a hint of a most important charac- 
ter. For, by the ordinary laws of the differential calculus, 
we have three equations of the form ‘ 

& de dz. 


> =7- or t¢=— 8, 
eds. ds 


Fig. 4, 


Now ao is the cosine of the inclination of the tangent at 
s to the axis of xz, Andso with yand 4. These give us 


Pa ser et lay (LANG dy\? (#) wets 
Ce oe =a( (F +\ as) T\aep pe 


Hence we see that a speed in any direction may be 
resolved into three in any assigned directions at right 
angles to one another; that the speed in any one of these 
is determined by multiplying the whole speed by the cosine 
of the angle between its direction and that of its resolved 
part; and that the square of the whole speed is the sum of 
the squares of the speeds in the resolyed motions. These 
results, however, can be obtained more directly, and in a 
more instructive manner, by the consideration of “ veloci- 
ties,” and not of mere “speeds.” But, before we take this 
step, let us take the second fluxions of the co-ordinates, and 
see to what they lead us. 


Rhy 
From t=7,8 
ptai pei rane Ueeay - 
we obtainatonce #= as® + ae° 3 


or, introducing in the last term, both as a multiplier and 
as a divisor, the radius of curvature of the path, 

OS aot t aetapae 
with similar expressions for y and 2, These show that the 
rates of increase of speed, parallel to the three axes 
respectively, may be considered as made up of the resolved 
parts of the two directed quantities § and 84/p. The first is 
in the direction of the tangent to the path, the second in 
the direction of the radius of curvature; and the law of 
resolution is, for each, multiplication by the cosine of the 
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angle between the two directions concerned. We shall | 


presently recognize these as the components of the accelera- 
tion, 
: 2 32. To resolve a velocity is of course a 
Pi wloeiry. perenny indefinite problem, unless the num- 
: er of conditions requisite for definiteness be 
imposed. Tor, in general, it may be taken as one side 
of any complete polygon, whether in one plane or not; 
and the other sides, all taken in the opposite order 
round, represent its components. 

The only cases which we need consider, in which the 
conditions are such as to ensure one definite solution, 
are—(1) when a velocity is to be resolved into compo- 
nents parallel and perpendicular to a given line; and 
(2) an extension of the same case to components paral- 
lel respectively to three lines at right angles to one an- 
other. In case (1) the given velocity is to be taken as 
the hypotenuse of a right-angled triangle of which one 
of the sides is parallel to the given line. In case (2) it 
is to be taken as the diagonal of a rectangular paral- 
lelepiped of which the edges are parallel to the three 
lines respectively. In either case the magnitude of 
each component is found by multiplying the amount 
of the velocity by the cosine of the angle between its 
direction and that of the component; and the square 
of the whole velocity is equal to the sum of the squares 
of the components. We are now prepared to take up 
the requisite preliminaries for the application of the 

Second Law. What, in fact, is ‘‘ change of 
velocity’’? The preceding statements at 
once enable us to give the answer. For let 
OA (fig. 5) be the velocity of a point at one instant, 

at a succeeding in- 
stant. To convert OA 
into OB, we must com- 
pound with it a velocity 
represented by AB. AB 8 
represents the change. iN 
Hence if, during any mo- 
tion whatever of a point, 
a line OA be constantly 
drawn from a fixed point 
O, so as to represent at 9 j 
every instant the magni- Fig. 5. 
tude and direction of the velocity of the moving point, 
the extremity of OA will describe a curve (plane if the 
original path be plane, but not otherwise, except in cer- 
tain special cases) which possesses the following im- 
portant but obvious properties:—(1) the tangent at A 
is the direction of the change of velocity in the original 
path; (2) the rate of motion of A is the rate of change 
of velocity in the original path. Hence in this auxil- 
iary curve, called the Hopoaraprt (gq. v.), 
the velocity represents, in magnitude and 
direction, what is called ‘‘acceleration’’ in 
the original path. And, because the acceleration can 
thus be represented as a velocity, the laws of composi- 
tion and resolution of velocities hold good for accelera- 
tions also. 


Change of 
velocity. 


Hodo- 
graph, 


233. Hence, if we desire to know the 
whole acceleration in any case of motion of 
a point, we need only find its components 
in, and perpendicular to, the tangent to the path. 
That in the tangent has already been found; it is % or 
8 as in? 29, For that perpendicular to the path we 
may study the simple case of uniform motion in a circle. 
Noalsane 2 34, If a point move with uniform speed 
tion inuni- V ina circle, the hodograph is evidently a 
fone ree circle of radius V, and is described uniformly 

* in the same time as the orbit (see fig. 6). 
Hence the speeds in the two circles are as their radii, 
Let R be the radius of the orbit. Then the magnitude 
of the acceleration in the orbit (the speed in the hodo- 
graph) is found from 
AG Visit Viele 
that is, A=V?7/R. 


The direction of this acceleration, being that of the 
tangent to the hodograph, is perpendicular to the corre- 
‘ Vou. XV.—726 


Acceler- 
ation. 
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sponding radius of the hodograph, 7. e., to the tangent 
to the orbit. Hence it is along the radius of the orbit 
and directed inwards to its centre. 


Fig. 6. 


2 35. In other words, to compel a mass to 
describe an wnnatural (because curved) path, 
it must be acted on by a force directed to- 
wards the centre of curvature of the path. 
We anticipate so far as to introduce here mass and 
force, although, strictly, we are dealing with kine- 
matics. But the student cannot be too early warned 
of the dangerous error into which so many have fallen, 
who have supposed that a mass has a tendency to fly 
outwards from a centre about which it is revolving, and 
therefore exerts a ‘‘ centrifugal force,’’ which requires 
to be balanced by a ‘‘ centripetal force.’’ The centrip- 
etal force is required if the path is to be curved; it is 
required for the purpose of producing the curvature, 
and not because there is any tendency to fly out from 
the centre. 

4 36. Thus, in any motion of a point, the Compo- 
whole acceleration is the resultant of two nents of ac- 
parts—the first in the direction of motion °°!T@ton. 
and of magnitude equal to the rate of increase of speed, 
the second directed towards the centre of curvature and 
of magnitude as the curvature and the square of the 
speed conjointly. The sole effect of the first compo- 
nent is to alter the speed, of the second to alter the 
direction, of the motion. There is no acceleration per- 
pendicular to the osculating plane, because two succes- 
sive values of the velocity, and therefore also the corre- 
sponding change of velocity, are in that plane. 

@ 37. A very convenient expression for 
acceleration which changes the direction of 
motion is furnished in terms of what is 
called the ‘‘ angular velocity,’’ 7 e., the rate at which 
direction changes. This also is properly a vector, or 
directed line, perpendicular to the plane in which the 
change of direction takes place, and of length propor- 
tional to the rate at which the angle assigning the direc- 
tion changes. 

2 38. In the case of uniform motion in a circle of 
radius R, with speed V, the time of describing the 
complete circumference (27R) is 27R/V. Hence the 
angular velocity is V/R, usually denoted by o. Thus 
the above expression for the acceleration in a direction 
perpendicular to the path of a point (4 34) may be 
written in the form pw”, where p is the radius of curva- 
ture of the orbit and © the angular velocity of that 
radius. The direction of this acceleration, as we have 
seen, is always towards the centre of curvature. 

239. The general difficulty of any question concern- 
ing acceleration is usually a purely mathematical one, 
involving only such physical considerations as are re- 
quired for the formation of the differential equations, 
and for the determination of the so-called arbitrary 
constants or arbitrary functions involved in the inte- 
grals. We will not now discuss the various forms in 
which the difficulty may present itself, because in the 
course of the article many of the more important of 
these will be fully treated in connection with motions 
actually observed among terrestrial or cosmical bodies. 

-%40. We have sufficiently considered 
(22 27-29) uniform acceleration in the line 
of motion. Let us now consider uniform 
acceleration in a fixed direction, whether 
the motion of the point be in that direction 


The so- 
called cen- 
trifugal 
force. 


Angular 
velocity. 


Uniform 
accelera- 
tion paral- 
lel toa 
fixed line. 
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or not. This is the most general case of the motion 
of an wnresisted projectile, on the supposition that its 
path is confined to a region throughout which gravity 
is sensibly constant alike in direction and in intensity. 
Two well-known properties of the parabola lead to an 
immediate solution of our problem. 

Let fig. 7 represent a parabola, defined completely by 
its focus 8 ard its directrix MN. We suppose it to be 


M N 


Fig. 7. 


placed with its axis vertical, and vertex upwards, Take 
any point P, join PS, and draw PM perpendicular to 
the directrix. ‘Then 

(a) If PQ bisect the angle SPM, it is the tangent to 
the parabola at P. 

Let ( be any point in the tangent, and let QR, drawn 
parallel to MP, meet the curve in R. Then we haye 

(b) PQ? = 4SP.QR. 
Path of an 241. Now suppose a point, originally moy- 
unresisted ng along PQ with uniform speed V, to have 
projectile, t+. motion accelerated in a direction parallel 
to MP, the acceleration being 4, aconstant. Then, after 
¢ seconds it would have moved along PQ through a 
space Vé, and parallel to MP through a space 4’, 
eri if RK be its position at that time, 

PQ=<Vt,  QR=4fat?. 

Trom these equations we find at once 


¢ 2 
PQ? = v QR. 


This relation is of the same form as that already writ- 
ten for a parabola, and (as it does not involve ¢) it holds 
for every point of the path, Hence the point moves in 
a parabola whose axis is vertical, which touches PQ 
(the direction of projection) in P, and in which SP = 
V42e. But these three data determine the parabola. 
Tor we have only to draw PM vertical, make the angle 
()PS = QPM, and measure off the lengths PM and PS 
each equal to V’/2«, Mis a point in the (horizontal) 
directrix, and § is the focus. ence the path is com- 
pletely determined. ‘ 

It is well to notice that, as V’= 2«PM, M is the point 
which the projectile would just reach if it were project- 
ed vertically upwards (4 29). 

742. If the speed of projection be kept 

constant, while the direction of PQ alters 
in a vertical plane, 8 describes a circle about 
P as centre. his consideration enables us 
easily to find the direction of projection that a given ob- 
ject may be struck. Let 
Q (fig. 8) be the object. 
Join PO, and let it eut 
in B the circle MBS 
(whose centre is P), 
Draw ON perpendicular 
to the common directrix, 
and with radius ON de- 
seribe a circle about O, 
This will (in general) cut 
MBS in two points I 
and I”. Vhese are the 
Soci of the two paths by 
either of which the pro- 
jectile can reach O. Vor 
by construction KO = 
ON, so that O lies on the path whose focus is FI, 
Similarly for 1. 


Examples 
of motion 
of projec. 
tile, 


Fig. 8. 
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To find the most distant point along PO which can 
be reached, with the given speed of projection from P, 
we have merely to note that, as O is taken farther and 
farther from P, F and I” approach B, and finally coin- 
cide with it. If O be then at A, we have A'=AB 
where AT is perpendicular to the directrix. Hence, if 
we produce A'l’ to ¢ so that t= BP, we have At= AP. 
Draw through ¢ a line ¢m parallel to TM. ‘Then A lies 
on the parabola whose focus is P and directrix mt. 
This parabola is the envelop of all the possible paths 
from P. Any point within it can be reached by two 
different paths. These become coincident when the 
ge ro on the curve; and no point outside it can be 
reacnea, 

443. Many of the most important cases 4 ecelera- 
of motion of a point involve acceleration tion to 
whose direction is always towards a definite xed cen- 
‘“‘centre,’’ as it is called. In such eases the 
motion is obviously confined to the plane which, at any 
‘cada contains the centre and the line of motion of 
the point. 

Also the ‘‘moment’’ of the point’s velocity about the 
centre remains constant. Here a slight digression is. 
necessary. 

Drevr.—Given a directed quantity (a velo- 
city, force, etc.) in a line AB (fig. 9). If a 
perpendicular OP be drawn to AB from any point O 

the **moment’’ of the directe 
quantity about O is the product 
of its amount by the length of the 
perpendicular, 

If the directed quantity be re- 
versed, the sign of the moment 
is changed. The moment is, in 
fact, properly a directed quantity 
(or vector) perpendicular to the 
plane OAL. And its numeri- 
cal magnitude is double the area 


Moment. 


Fig. 9. 


of the triangle OAB. 
[72 44. The convention usually made as to 


5. u . ave Conven- 
the sign of rotation about an axis is to re- tion as to 
( sign of an- 


gard it as positive when it is in the same pio angu- 
sense as that in which the earth turns about far'velo- 
its axis, as seen by a spectator above the “#y, ete. 
north pole. This is in ite opposite direction to that of 
the hands of a watch. Hence the plane angle AOP 
(fig. 10), representing the change of direction of a line 
originally coincident with OA, 
P ig positive, and is looked on 
as due to rotation about an 
axis drawn from O upwards 
from the plane of the figure. 
Thus the rotation of the sun 
and the orbital motions of the 
planets take place in the pos- 
itive direction about axes 
drawn on the whole northwards from the plane of the 
ecliptic; or we may put it thus:—seizing an axis by the 
positive end, we must wiascrew—by the negative end, 
we must screw—to give positive rotation. And when, 
later, we consider rotations about three rectangular axes, 
Ox, Oy, Oz, we shall suppose them so drawn that rota- 
tion through a positive right angle 
about Ow changes Oy into Oz, 
‘ Oy iT Oz “ Ox, 
66 if “ Og * Oy, 
the three letters being throughout arranged in eyclical 
order, ayz, yz, ete. | 
445. { cre we must introduce a simple Geometri- 
geometrical proposition :— cal propo- 
Tf any point be taken in the plane of a >. 
parallelogram, and triangles be formed with the point 
as vertex and with contiguous sides and the contermi- 
nous diagonal as their respective bases, the sum of the 
se J of the first two triangles is equal to the area of the 
third. 
Thus, in areas (fig. 11), 
OAB + OAC = OAD, 


0 A 


Fig. 10. 
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If O lie within the angle BAC, as in fig. 12, the propo- 


sition becomes 
OAC~OAB=OAD 


Fig. 11. 


246. Remembering that these areas represent half 
the moments of the bases of the respective triangles 
about the point O (that of OAB being negative in the 
second case above), we see that 

The moment of a diagonal of a parallelogram about 
any point in the plane of the figure is the (algebraic) 
sum of the moments of two conterminous sides. 

Now, suppose the sides of the parallelogram to rep- 

resent a velocity and its change. If the direction of 
the change pass through O, its moment is 277. Hence, 
for acceleration directed towards a fixed point the mo- 
ment of the velocity about that point ts constant. 
Equable This is commonly expressed by saying that 
description the radius-vector describes equal areas in 
ofareas. eal times about the point to which the ac- 
celeration is directed. For the moment of the velocity 
is double the area so traced in unit of time. 

Another way of expressing the same thing is to say 
that the angular velocity of the radius-vector is inversely 
as the square of its length. For the product of the 
square of the radius-vector and its angular velocity is 
double the area described by it in unit of time. 

The converse of this proposition is also evidently true ; 
7. ¢., when a point moves so that the moment of the velocity 
about a point in the plane of its motion is constant, its 
acceleration relative to that point (if any) vs directed 
towards or from that point. 


747. Analytically: if P he the acceleration, 


“Bip, 12. 


vaca directed towards a fixed point which we choose 
of central as origin, we have 
een = — Pecos 6=— P2/r, 


y= —Psiné@ =—Py/r, 


(r and @ being the polar co-ordinates of the moving point; 
we have already seen that the path is necessarily plane). 
Eliminating P, we have 


ie, eee 
= xy — yi = —(r?6). 
O= ay — yt qi’ ) 


Thus ay — yt =r?d = const. =h. 
This may be transformed, at once, by the methods of the 
differential calculus, into 
} ps=pv=h, 
where p is the length of the perpendicular from the origin 
to the tangent to the path. Conversely, if equal areas be 
described by the radius-vector in equal times, we have 
6 = zy —yt =h. 
Whence ay —yt=0, 
or t—Qr,y—Qy. 
Hence the whole acceleration is Qr, and is directed towards 
or from the origin. 

y While we are dealing with these formule we 
ses ve may investigate the general expressions for 
pie oe velocity and acceleration in terms of polar 
co-ordinates for a point moving in a plane. 

We have v=rcos0,y=rsind. 
From these ; 
%=rcosé—résin 0, 
y=7rsind+récos 6. 
Hence the speed along the radius-vector is 
ecos@+ysin 6=71; 
and that perpendicular to the radius-vector (in the direc- 
tion in which @ increases) is 
ycosé—atsin@=ré. 
These expressions might have been written down at once, 
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if we note that 6r and réé are the resolved parts of és along, 
and perpendicular to, 7, But we must be careful how we 
carry this species of reasoning one step further. Taking 
the second fluxions of « and y, we have 
% = (7 — r6*) cos @ — (276 +70) sind, 
¥ = (¥ — ré”) sin 6 + (276 +76) cos@. 
Hence the acceleration along the radius-vector is 
& cos 6+ isin 6 =} —ré2, 
and that perpendicular to it (positive when in the direction 
in which @ increases) is 
§icos¢—# sing = 276 + r6 = 1 o-(0%) : 
r¢ 
Thus, although 7 represents truly the speed along r, # does 
not represent the acceleration in that direction. It repre- 
sents, in fact, only the acceleration of speed along r. But 
we have seen that there is acceleration along r, if its diree- 
tion changes, even when its length is constant, i. e., when 
the path is circular; and in that case ré? is the quantity 
which we designated as pw* in 7 38. 
As a verification of these formule, let us consider uniform 
motion in a straight line. 
Here rcosé =a, 
the equation of the straight line, and 
atan @= Vt, 
the condition of uniform motion. We have 
7 = asec 0 tan 0.6, 
V =asec?6,6 = r76/a; 
*¢=Vsiné, 
eunes. ; y. g2V32 
7=V ouada ll poe, 
, hd 
Here, although there is no acceleration, * has a definite 
value. But 


* — 16? = a2 V2/r3 — a2 V2/r3 = 0. 

From the expressions for the acceleration along and per- 
pendicular to the radius-vector we at once obtain the result 
above (7 46). For, if there be no acceleration perpendicu- 
lar to the radius-vector, 


we have 
from which 

r?6 = const. =h. 
We have, in addition to this, the expression for the accel- 
eration towards the origin, 

#—ré? =—P, 

Eliminating 6, we have 

r¥—h?/r3 = —P. 


This gives r in terms of t, and thus reduces (if Reduction 


we please) any case of a central orbit to a cor- to a case of 
responding case of rectilinear motion. The dif- rectilinear 
ference between the accelerations in the reyol- ™otion. 


ving radius-vector and in the fixed line is a term depend- 
ing on the inverse cube of the radius-vector. But the 
usual mode of proceeding is as follows. 

Multiply by *dt and integrate, then 


Pilg O29 (Bir: 
ye ary 


CNEL. al aan 
or (F) 74 ae Gi =C— 2/Par. 

The left-hand member obviously represents the square of 
the velocity, as it is the sum of the squares of * and 76. 
For we have - 

= yh 
MCT eens LYE 

This gives a relation between r and 0, which is therefore 
the polar equation of the path described. It is usual to 
employ, instead of *, its reciprocal 1/r=wu. With this the 
equation becomes 


Differentiating with regard to 6, and dividing by an2e swe 
obtain finally 
du P Polar : 
ape t+ Ute equation 0 
do? h2u?? maths, 


an equation of very great importance. : 
When there is acceleration T perpendicular to the radius- 
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vector, as well as —P along it, this equation takes the form 
1 eR e717? 
du ue uu de 
do? +4y= — pe 


h? +2f 300 


248. There are two specially important 
cases of central acceleration. The first is 
that of the gravitation law, the other that 
of Hooke’s law. We will take these in order, but by 
very different methods. 

249. Planetary Motion. —W ith the gray- 
itation law the acceleration varies inversely 
as the square of the distance from the point 
to which it is directed. But as we have just seen, the 
angular velocity of the radius-vector, 7. e., of the direc- 
tion of acceleration, varies according to the same law. 
Hence in the hodograph the linear velocity (whose mag- 
nitude is that of the acceleration in the path) is propor- 
tional to the angular velocity of the tangent (whose 
direction is parallel to the acceleration). 

Thus, in the hodograph, the angle be- 

h, tween successive tangents is proportional to 

the are between their points of contact; 

and therefore the curvature is constant ;—7. e., the ho- 
dograph is a circle. 

Let A (fig. 13) be the centre of this cir- 
cle, O the pole of the hodograph, P any 
position of the tracing 
point. Then OP is, in magnitude 
and direction, the velocity in the Pp 
orbit. But it may be looked on as 
consisting of two parts, OA and 
AP. Of these both are constant 
in magnitude; but OA is constant | 
in direction, while AP is perpen- P 
dicular to the direction of accelera- 
tion in the orbit. Hence the ve- 
locity in the orbit is the resultant is 
of two constant parts,—one always Fig. 13. 
in a fixed direction, the other always perpendicular to 
the radius-vector. 


Special 
cases, 


Planetary 
motion. 


Cireular 
hodograp 


Yorm of 
planetary 
orbit, 


This gives the form of the orbit as follows : 
“= a(e—y/r), y=aalr; 
so that rh = xe + yy = ery, 
or r=e(y +b); 
where the meanings of the quantities are obvious. 


But if PO cut the circle again in p, Op is propor- 
tional to the perpendicular on the tangent to the orbit 
from the centre of acceleration (because PO .Op is con- 
stant) and is at right angles to it (because it is in the 
direction of the velocity). Hence the path is such that 
the loeus of the foot of the perpendicular from the 
centre of acceleration on the tangent is a circle. This 
Peeper belongs exclusively to conic sections, one focus 
ting the point from which the perpendiculars are 

rawn. ? 

A third and even simpler mode of treating this most 
important problem is as follows. Draw OM. perpen- 
dicular to PA (produced if necessary) and PN perpen- 
dicular to OA. Then OM is the resolved part of OP 
parallel to the tangent at P, 7 e., it is the speed with 
which the length of the radius-vector changes. Also 
PN is the resolved part of OP perpendicular to the 
fixed line OA, @.¢., it is the speed with which the 
moving point travels in a fixed direction. But by 
similar triangles OAM, PAN, we have 

OM: PN:: OA: AP=a constant ratio. 


Hence the increment of the radius-vector bears a 
constant ratio to the simultaneous increment of the 
distance of the moving point from a fixed line in the 
plane of motion. This is only a slightly altered form 
of statement of the focus and directrix property of 
conic sections. 

When O is within the circle, the constant ratio is 
less than unity, and the conic is an ellipse; when with- 
out, the ratio is greater than unity, and we have an 
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hyperbola. When O is on the circumference of the 
hodograph, the path is a parabola; for the ratio is 
unity. , 

In a subsequent section we will return to this ques- 
tion, and treat it from the point of view of Kepler's 
Laws of Planetary Motion. 

Simple as are the geometrical methods above, 


the direct analytical one is still simpler. For aa deal 
we have ; 
“ 
P=— a? 
x me “ ee 
so that t= — 7 COs 6, y=-— y? Sin 6. 


Hence, as before (7 47), 
ry —yt=r26=); 
and therefore, by eliminating r?, we have 


ia pain fe 5; ee ; 
#=— 0086.6, j=——> sin 6.6; 
so that é—a=—+-sin 6, J—B= +5 c08 6. 


These give at once, by squaring and adding, 
(é— a)? + (y— 8)? = wh, 
the equation of the circular hodograph. Also, by multi- 
plying the first by y, and subtracting it from the second 
multiplied by a, we have 
h— Bu + ay = rplh, 
the equation of the orbit. This is evidently a conic sec- 
tion of which the origin is a focus. The directrix corre- 
sponding is the line 
ay—px+h=0, 
and the eccentricity is 
h Va2 + p2/H- 
From these the major axis can be calculated. 


250. Elliptic Motion about the Centre.— 

y . “po . . Central ac- 

When a point moves uniformly in a cirele, ¢eleration 
the motion presents very different appear- ° proportion- 
ances according to the spectator’s point of Be eee 
view. If we suppose him to be situated at ; 
a distance very great compared with the radius of the 
circle, he sees what is practically an orthographie pro- 
jection of the orbit on a plane perpendicular to the 
line of sight. In general, an orthographic projection 
of a circle is an ellipse—whose centre is the projection 
of that of the circle. As equal areas are projected or- 
thographically into equal areas, the appearance is there- 
fore elliptic motion, in which the radius-vector from the 
centre describes equal areas in equal times. Hence 
(2 46) the acceleration is directed towards the centre. 
But accelerations are projected like velocities, and like 
lines. Hence, as the acceleration in uniform circular 
motion is constant, and difected towards the centre, so 
in elliptic motion, with equable description of areas 
about the centre, the acceleration is towards the centre, 
and is proportional to the length of the radius-vector.* 
But this projected orbit may again be projected ortho- 
eraphically, as often as we please, on different planes. 
It will always remain elliptical, and with the radius- 
vector from the centre describing equal areas in equal 
times. And the acceleration will always be in the same 
proportion as before to the radius-vector. However 
different in size and shape these elliptic orbits may be, 
they have one common property, the time of describing 
them is the same. 

Thus we see that when the orbit is an ellipse de- 
seribed about its centre of figure the acceleration is 
central, and proportional to the radius-vector. The 
time of describing such an ellipse depends only upon 
the ratio of the acceleration to the length of the radius- 
vector; or, if we choose, upon the magnitude of the 
acceleration at unit distance. And the converse of this 
proposition is also evidently true. When we look edge- 
wise at the uniformly-described circular path with which 

1The elastic force called into play by displacement is, by 
Hooke’s law, proportional to the displacement, and tends to re- 
store the displaced particle to its equilibrium position, We men- 


tion this, in passing, to show the importance of the present in- 
vestigation, 
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we commenced, it is seen projected into a straight line, 
in which the moving point appears to oscillate. 'This is 
the case, for instance, very approximately, with the 
satellites of Jupiter as seen from the earth. Sun-spots, 
the red spot on Jupiter, etc., all appear to move ap- 
proximately in this way. But the extreme importance 
of this species of motion is that it is the aaa leet type 
of oscillation of a particle of matter displaced from a 
position of stable equilibrium. ‘The vibrations of the 
ether when homogeneous plane-polarized light is pass- 
ing through it, of the air when a pure musical note is 
sounded, the oscillations of a pendulum (through small 
arcs), the simplest vibrations of a pianoforte wire or a 
tuning-fork, the indications of a tide-gauge when the 
sea is calm,—all are instances of it. Hence the special 
necessity for studying it in detail. 

Simplehar- _ 451. Der.—Simple harmonic motion is 
monic mo- the resolved part, parallel to a diameter, of 
Gon, uniform circular motion. 

Let a point P (fig. 14) move uniformly in the circle 
APA’ Then, drawing any diameter AOA’, and PM 
perpendicular to it, the motion 
of i is simple harmonic. 

The eae and acceleration of 
M are obviously the resolved 
parts, along AA’, of the speed 
and acceleration of P. Hence 
if V be the speed of P we have 

PM 


N 


speed of M = PO V, 
Fig. 14. 
: ; MO : 
acceleration of M = PO * acceleration of P 
MON Vas! “y2 


PO * PO~ po2MO- 
From these expressions we see that, if we call o the 
angular velocity of OP, so that o= V/PO, we have 


speed of M = PM.o, 
acceleration of M = MO, w?. 


Thus the speed of M increases from A to O,—heing 
zero at A, and V at O; then it falls off to zero at A’, 
and goes through the same numerical values in the op- 
ges order, when the direction of motion is reversed 
at A’. 

The acceleration of M is always directed towards O. 
Tt has its greatest value at A and again at A’, and is 
always proportional to the distance from O. If T be 
the period of the simple harmonic motion, ¢. e., the 
period of rotation of P in the circle, we have 

ay or 2r 
Tes ie. = We 
where a is ee radius —s prele ni as it i ie called, 
the ‘‘amplitude’’ of the simple harmonic 
eae motion. We may now write as the charac- 
teristic of this species of motion 


ee 4 
acceleration =r X displacement ; 


‘s displ t 
if Cusp acement 
T=2e acceleration * 
eee att 252. In our further remarks about sim- 
POS ne ple harmonic motion the following terms 


will be found convenient. P is the position 
at time ¢ of the point moving in the circle. Let Ii be 
its position at the zero of reckoning, when t=0. ‘Then 
the angle AOP muy be called the ‘‘phase’’ of the 
simple Tatvonio motion, and AOE the “‘epoch.”’? In 
time units the values of the phase and epoch are 
found from their circular measure by dividing by ©. 

If the position of the point moving with simple har- 
monic motion be denoted by «, we obviously have 
%= OM = OP cos POA, 

= OP cos(POE + EOA), 

= &008 (wt 4-¢). 


This expression is to be found, perhaps more frequently 
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than any other, in all branches of mathematical phys- 
ics. It is in terms, or series of terms, of this form that 
every periodic phenomenon can be described mathemat- 
ically, as will be seen later. Irom the expressions for 
the longitude and radius-vector of a planet or a satellite 
to those of the most complex undulations whether in 
water, in air, or in the luminiferous medium, all are 
alike dependent upon it. 

The results obtained geometrically above are easily re- 
produced from this form : 
thus & = — dw sin (wt +e) ; 
and % = — aw? cos (wt + €) = — 2w?, 

253. The simplest graphical method of Grapnie re- 
exhibiting the nature of any kind of recti-  presenta- 
lineal motion is to compound it with a uni- #02. 
form velocity in a direction perpendicular to the line in 
which it is executed. This is, in fact, what is done in 
the majority of self-registering instruments, where a 
slip of paper is drawn by clock-work uniformly past the 
moving point, in a direction perpendicular to its line of 
motion, and a record is made by mechanical means, by 
a pencil, by an electric spark, or (best of all) by photo- 
graphic processes. When this process is applied to a 
simple harmonic motion the record is of ae general 
form of the curve in fig. 15. This curve has long been 


Ni 


Fig. 15. 


known as the ‘‘curve of sines,’’ or the ‘‘harmonic”’ 
curve. All its forms can be deduced from any one of 
them by mere extension or foreshortening in the vertical 
or horizontal directions in the figure. It represents the 
simplest forms into which a vibrating string can be 
thrown, as well as the instantaneous form of a section 
of the surface of water along which a simple series of 
oscillatory waves or ripples is passing. In this case the 
form of the section remains the same as time goes on, 
yut the whole figure moves steadily onwards in the 
direction in which the waves are travelling. 

This is expressed analytically by the form 

y =a cos (nt — mx), 

where # and y are horizontal and vertical co- 
ordinates of a point at the surface of the 
water, y being measured from the level of the undisturbed 
surface. When 2 is constant we study, for all time, the 
simple harmonie rise and fall at a particular place. When 
t is constant we have the above-figured instantaneous 
glance of a section of the whole water-surface. 

The rate at which the wave travels is obviously n/m; for, 
if we increase t by any quantity r, and x by the correspond- 
ing quantity nz/m, the value of y is unaltered, 


Analytical 
expression 
for a wave, 


254. We have next to consider the result 
of superposing or compounding two simple 
harmonic motions which take place in the 
same line. The geometrical method amply 
suffices for this purpose provided the periods 
of the two are equal, however different may be their 
amplitudes and their phases. For, if we suppose PQ 
(fig. 16) to turn about P in the same plane and with 

the same angular velocity as OP 

Q about O, the angle OPQ will 

remain wnaltered, and therefore 
the triangle OPQ will remain of 
constant size and for while 
turning about O. Thus Q de- 
scribes a circle about O in the 
given period. The resolved parts 
of OP, PQ, along any diameter 
OA, together make up the re- 
solved part of OQ along the 
same line. Hence two simple 
harmonic motions, of the same 
period and in the same line, are equivalent to a single 
simple harmonic motion of the common period. The 
amplitude of the resultant simple harmonic motion is 
OQ, and depends only upon OP, PQ, and the angle 


Composi- 

tion of sim- 
ple harmo- 
nic motions 
in one line. 


Fig. 16. 


A 
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OPQ,—the amplitudes of the two component simple 
harmonic motions and the supplement of the difference 
of their phases. 

255. When the difference of phase is 1/7, 
or any whole number of circumferences, the 
resultant amplitude is the sum of the ampli- 
tudes of the components, which is its greatest value. 
When the difference of phase is an odd number of 
semi-cireumferences, the amplitude of the resultant is 
the difference of those of the components. 

If we produce QP to meet OA in RK, we see that 
QOA, the phase of the resultant simple harmonic mo- 
tion, is intermediate in value to the phases of the com- 
ponents, which are POA and QRA respectively. Its 
excess over the one, and its defect from the other, are 
the angles at O and Q in the triangle OPQ; and their 
sines are to one another as the separate 7 epi 
QP, PO. Hence, when these amplitudes differ, the 
phase of the resultant coincides more nearly with that 
of the component whose amplitude is the greater. 


Amplitude, 
ete., of re- 
sultant. 


Analytical Analytically the resultant motion is ex- 
treatment. pressed by 
2=acos (wt +¢) + a’ cos (wt+e’), 
=(acose +a/ cose’) cos wt —(asin e + a’ sin e’) sin wt, 
= P cos (wt+ Q), 
provided that 
Pcos Q=acose + a/ cose’, 
and Psin Q=asine+a’sine’. 
These expressions give for the amplitude of the resultant 


P= /(acose +a’ cose’)? + (asine +a’ sine’)?, 
=YV (a? + 2aa’ cos (e—e’) + a’, 
This may be put in either of the forms 


from which the above conclusions follow at once. 
Also, for the epoch of the resultant, we have 
asine +a’ sin e 
tan Q = ——— = 

Q acose +a’ cose’ 
When « and e’ are both positive and less than 
4x, this is obviously intermediate in value to 
tan e and tan e’. 

When the periods of the components are not 
exactly equal, the simple artifice which follows enables us 
still to apply the same method of composition. We have 
now 


Periods 
nearly 
equal, 


x = acos(wt +) +a’ cos(w't +e’), 
== 0008 (wt +e) + a/ cos (wt + €’ + (w/—w)t). 


Hence the above value of Pand Q will still satisfy the con- 
ditions if we write e’+ (w’—w)¢t instead of e’. Thus we may 
treat the two components as being of the same period, but 
make the epoch of one of them steadily increase with an 
angular velocity equal to the difference of the angular 
velocities in the generating circles of the components. 
The triangle OPQ will no longer preserve its form ; it 
will pass continuously through all the various forms which 
we have seen would be given to it by various differences 
of phase in the component simple harmonic motions, The 
time in which it returns to a former value is evidently 
2r/(w'—w), which is greater the more nearly equal are the 
periods of the components. 
Example. 2.56. One of the best examples of the 
Solarand principles we have just discussed is fur- 
lunar tides. ished by the tides. If there were but 
one tide-producing body, we should have (approxi- 
mately) a simple harmonic rise and fall of the sea-leyel 
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at any given place twice over in the course of about 
twenty-four hours, and the phase would depend simply 
upon the distance of the tide-producing body from the 
meridian (whether above or below the pole). The 
joint effect of the sun and moon is practically the re- 
sultant of the effects which they would separately pro- 
duce. Hence, when these bodies are in conjunction or 
in opposition (7. e., at new or at full moon), the whole 
rise of the tide is the sum of the solar and lunar tides;- 
and we have what are called ‘‘ spring tides.” 
When the moon is in quadrature, the am- 
plitude of the tidal rise or fall is the excess 
of the lunar over the solar tide, for it is low water as 
regards the sun when it is high water as regards the 
moon. In intermediate positions the effect lies be- 
tween these extremes, but the joint high-tide lies 
nearer to the crest of the lunar than to that of the 
solar tide. In the first and third quarters of the 
moon, high tide is earlier than the high tide due to 
the moon alone; in the second and fourth ater. This 
is what is called “‘ priming”’ and “‘lagging”’ 


Spring and 
neap tides. 


a ‘ é Priming 
of the tides, and is seen at once to follow and lag- 
from the construction given above. Had sins. 


the lunar and solar tides been of equal amplitude 
spring tides would have been of double the altitude o 
either, and there would have been no tide at all at the 
time of neap. 

The mode in which we have treated this special case 
is an illustration of the general method (above de- 
scribed) of combining simple harmonic motions in 
which the periods are slightly different. 

257. What we have said of the tide-waves 
holds of course of all waves in which the 
separate disturbances are so small that the 
joint effect is found by superposing the 
separate effects. ‘Thus when, at sea, two 
series of waves of equal length meet at any place, the 
resultant is still a set of waves of the same length, but 
the altitudes and phases of the components determine 
those of the resultant. When crest meets crest, we 
have wayes of the sum of the original amplitudes; 
when crest meets trough, the difference. In the latter 
case we have still water when the amplitudes of the 
components are equal. What is called a ‘‘jabble,’’— 
where, for a short time, a portion of a stormy sea is 
almost calm, and after a little it is violently agitated,— 
is the result of a number of ‘‘ cross seas.”’ 

258. If we now consider the instantaneous gommon 
form of a section of the surface, instead of pheno- 
the successive displacements of one portion ™ena. 


Composi- 
tion of two 
waye mo- 
tions gene- 
rally. 


| of it, we can easily account for a striking phenomenon 


which is very frequently observed on a shelving beach. 
We often notice that every ninth or tenth wave or so 
is higher than those immediately before or after it. 
This is the result of superposition of two or more sets 
of waves in which the distance from crest to crest is 
different in the different sets. In the joint system we 
have, represented as in 253, phenomena akin to the 
spring and neap tides, and the priming and lagging of 
the tides. 

Fig. 17 shows part of the result when the ampli- 
tudes are equal, and the wave-lengths as 15 to 17. It 
gives also a rough approximation to the whole result 
when the lengths are as 7 to 8 or as 8 to 9. 


2 59. To compound any number of sim- 
ple harmonic motions, of equal periods, in 
one line, we may obviously take them two 
by two, and apply the preceding process | Where 


Compo- 
sition of 

. more than 
two simple 
harmonic 
motions 
of one 
period, 


over and over again till we have as final re- 
sultant another simple harmonic motion of 
the common period. 


Or thus :— 
x = 34.008 (wt + e) = cos wt(a cos e) — sin wf3 (asin e) 
= P cos (wt + Q), 
PcosQ=(acose), PsinQ=X(asine). 
When the separate periods are not equal, and not 
even nearly equal, it is only in special cases that any 
simplification can be effected by analytical processes. 
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But this is not much to be regretted, because for most 
purposes a graphic method is sufficiently accurate, and 
it can always be easily carried out. 


Geedupls 2 60. We must now consider the compo- 
harmonic Sition of simple harmonic motions in direc- 
motions at tions at right angles to each other ;—but 
eines for the present we confine ourselves to the 


case in which their periods are equal. In 
this case we know that the acceleration is in the same 
ratio to the displacement in each of the two rectangu- 
lar directions. Hence 
by the general theorem 
of 2 50 the motion is el- 
liptic, with uniform de- 
scription of areas about 
the centre. 

To analyze this, sup- 
pose, at starting, that 
their amplitudes also 
are equal. Let OA, 
OB (fig. 18) represent 
the two rectangular di- 
rections. With centre 
O and radius equal to 
the common am Diade, 
describe a circle. Let 
AOKH, BOF represent the epochs of the two compo- 
nents (the corresponding circular motion being sup- 

sed positive for each), then obviously KOF exceeds 
a a right angle the difference between the phases of 
the motions in OB and OA. Then if P, 


Cc 


Fig. 18, 


ene Q represent at time ¢ the corresponding po- 
motions sitions in the common circle, we have are 
eee FQ=are EP; and if 2 ag ae ph be 

drawn, PM to OA, and QN to OB, their 


intersection 8 is the position at time ¢ in the resultant 
motion. The locus of S is, by what has been proved 
above, an ellipse which touches the sides of the square 
CDC’D’. 

When EOF is a right angle, 7. e., when the faces 
are alike, this ellipse becomes the diagonal CC’ of the 
square touching the circle at the extremities of AA’ 
and BB’. When EOF is three right angles, the 
ellipse becomes the diagonal DD’. When it is two 
right angles, or four, 7. e, when OB is one quarter, 
or three quarters, of a period in advance of OA, the 
ellipse becomes the circle ABA’B’. To find in any 
-ease whether it is described positively or negatively 
(3 44), we have only to notice how OS turns. Now 
while P is near A. MS remains closely coincident with 
AC. If, then, Q be anywhere in the semicircle BA’B’, 
N moves in the direction BB’ and the angle AOS di- 
minishes. Hence the ellipse is described negatively (or 
in the direction of the hands of a watch) if the epoch 
of the motion in OB exceeds that of the motion in OA 
by anything up to two right angles. And similar rea- 
soning shows that, if the excess be from two to four 
right angles, the ellipse is described positively. 

If the amplitudes be not equal, we have only to ex- 
tend or foreshorten the figure parallel to OA or to OB. 
The square CDC’D’ becomes a rectangle, in which the 
orbits (all of which, with the exception of the diag- 
onals, are now ellipses) are inscribed. Everything else 
is as before. 

261. When the periods in the two com- 


Periods : ; 
nearl ponent motions are nearly, but not quite, 
equal. equal, the phase of one gains gradually on 


the other, and the path passes continuously through 
the forms of all the possible ellipses, but remains pos- 
sessed of the one property common to them all. It 
becomes a species of spiral, but in every convolution 
jt touches, in succession, each side of the square or 
rectangle above discussed. : 

Simplehar-  @ 62. Similar reasoning shows that the 
moniemo-  guperposition of any number of simple 
tions ofene* harmonic motions in any directions and 
: r with any amplitudes and differences of 


any direc- ) nd 0 
lions. phase, provided the period is the same for 
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all, gives rise to motion in an ellipse about the centre. 
But this follows more easily from analysis. 


Take, first, two simple harmonic motions of the same 
period parallel to the axes of «and y. We have 
%=acos (wt +e), 
y = a’cos (wt +’). 
Eliminating ¢ between these equations, we have at once 
a? xy y? ; 
ai 2 aa cos (ef —e) + a =sin? (e/—e), 
the equation of an ellipse. 
It becomes a circle when and only when 
a=a', cos(e/—e)=0, 
i. é., When the amplitudes are equal, and the phases differ 
by an odd number of right angles. 
It becomes the straight line 
zja—yla’=0, 
when e/—e is zero; and 
z/a + yla’=0, 
when e’—e is two right angles. 
If SOA be called 6, we have 
y _ v'CoSs (wt + ¢’) 


tané@=— = 
Z «acos(wt +e) 


= “(cos (e/—e) —sin (e’—e) tan (wf +¢)). 
Hence, taking the fluxion of each side, 
f 
sec?é, 6 = — oe sin (e/— e) sec? (wt +e). 


Thus, as before, 6 is essentially negative, i. e., the rotation 
in the ellipse is right-handed if e’ —« lie between 0 and x, 
left-handed if it lie between w and 27. 
For a simple harmonic motion, denoted by 
=a cos (wt +e), 
in a line whose direction cosines are /, m,n, we have tho 
components /é, mé,né parallel to the three axes respectively, 
Hence for the resultant of any number gf such, all having 
the same period, we have 
x=. alcos(wt + €) = cos wt3(al cose) — sin wt3(alsine), 
Thus we have three equations of the form 
x = A cos ot — A'sin wf, 
y = B cos ot — B’sin wt, 
z=Ccos wt — C’sin wt. 
If we take three quantities A, », v, such that 
AA +uB +rC =0, 
AA’ + «B’ + vC’ =0, 
we have also 
Au + py tv2=0. 
The first two equations determine without ambiguity the 
ratios of » andvto A, Hence the third is the equation 
of a definite plane in which the path lies. We may now 
choose this plane as that of 2, y. The value of z above be- 
comes identically zero; and the elimination of ¢ between 
the equations for « and y gives the ellipse as before. 
29 WT » Nnernoda <j ar- ; 
2 63. When the periods of the simple har- p..ioas not 
monic motions are not equal we have equal. 
2 = 4008 (wt + e), y = a’ cos (w't + e’). 
Tt is easy to trace the corresponding curve by points ; 
but, except when there is a simple numerical ratio be- 
tween » and ’, the equation cannot be presented as an 
algebraic one between « and y. If 20’=0, we may 
shift the epoch so that the equations may be written 
@%= 4 C08(2w’'t + a), y = a cosw’t. 
Eliminating ¢ from the first, by the help of the second, 
we have 
ae ( 2yF Qy |! ye cs 
a ( a2 1 )eosa mi \ ee og Se 


This denotes, in general, a curve of the fourth order, of a 
figure-of-8 form, as in fig. 19. When «=z the curve is a 


poe < G 


Fig. 19. 


portion of a parabola, its vertex being to the right or-left 
as n is odd or even. This parabola corresponds, in the 
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present case, to the straight lines.in the case of % 62. 
When the periods differ slightly from the ratio 2:1, the path 
passes in succession through the forms traced, forward and 
backward alternately ; and, each time that it opens out 
from the parabolic form, the tracing-point describes it in 
the opposite direction to that in which it described it be- 
fore the path collapsed into the parabola, 


264. The principles already illustrated are 


Compost sufficient for the examination of every case 
uniform of this kind. But one or two particular 
circular ~NGAg Mer et ice ase of twe 
Cire gases merit special notice. The case of two 


uniform circular motions of equal periods, 
in one plane, we have already noticed (% 54). Q de- 
scribes its circle about P, P its circle about O, and the 
result is uniform circular motion of Q about O. The 
radius of this circle may be equal to the sum or differ- 
ence of the radii of the separate circles, or may have 
any intermediate value, according to the difference of 
phase. If the periods be not exactly equal, the motion 
takes place virtually in a circle whose radius continu- 
ously oscillates between the above limits. ‘The path is 
a species of spiral, which lies between two concentric 
circles of these radii. 

265. When the component circular motions are in 
opposite directions, we have an extremely interesting 
and important ease. It is obvious that there must 
now be positions in which OP and PQ are in the same 
straight line. Let OA, AB (fig. 20) be one of these. 
Then, in any other position, OP and PQ are equally 
inclined to OA. The path of Q is an ellipse, of which 
the major semi-axis OB is the sum of he radii, and 
the minor axis their difference. Hence when the radii 


Fig, 20. 


are equal the result is simple harmonic motion in the 
line OBB’. Thus we have the proposition, of very 
great importance in optics, that a simple harmonic mo- 
tion may be looked upon as the resultant of two equal 
and opposite circular motions in one plane. When the 
periods are not exactly equal, the motion may be re- 
garded as simple harmonic motion, in a line which ro- 
tates with uniform angular velocity in a plane. ‘This is 
- the case of Foucault’s pendulum, and of plane polarized 
light passing along the axis of a erystal of quartz, or 
through a piece of glass or other transparent substance 
in the magnetie field. 

266. Uniform circular motions, of differ- 
ent periods, give epicycloids, ete. A par- 
ticular case is uniform circular motion superposed on 
uniform rectilinear motion, in which case we have cy- 
cloids, etc. But these we merely mention. 

é 67. By far the most important of the applications 


of simple harmonic analysis is summed up in what is 
ealled 


Fourier’s 
theorem. 


Cycloids. 


Fourter’s Tarorem.—A complex har- 
monic function, with a constant term added, 
is the proper expression for any periodic 
single-valued function, and, consequently, can express 
any single-valued function whatever between any as- 
signed values of the variable. 

To show the importance of this in physics we need 
take but a single example. The one essential charac- 
teristic of a musical sound is its ‘‘ periodicity,’’ Hence 
it may be analyzed into a series of simple harmonic dis- 
turbances. ‘heir respective periods are the funda- 
mental period, its half, third, fourth part, etc. The 
first gives the pitch of the note; the others determine 
its quality. The investigation which follows is not in- 
tended to prove the theorem; it is merely introduced 
as readily suggesting it. 
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The essence of period icity of a function f is that we 
must have 
flx+ ta] =f[a— ta] 
whatever be 2, provided a be the period, 
We may write this as 
ad 


a sy 
€? ae f(@) = 


& 2 dx F(a), 


ada ad 
or (2 de, ene a ) (a) =0. 
Now the equation 


has the real root 
= 0, 
and the infinite series of pairs of imaginary roots 
te=+iny/=1, 

where 7 is any integer. Hence 

eM — eB _ (a + pote?) (14 £7/4%02) (1+ £2/6%e2).. « 
so that the differential equation for f(x) gives, besides a con- 
stant term, the infinite series of terms due to solutions of 
equations of the second order of which the type is 


(sarees eal +4 ) pte) =O: 


The solution of this representative equation gives the fol- 
lowing particular integral of the complete equation, 
F(%) = Pi cos (2imva-1 + Qi). 
Hence the general solution is 
F(a) =Ao+ =? Pi cos (Qinza* +Q:) 


= Ao + 3 Ai cos 2imaa —1 + 3° Bisin 2inaa — 1, 


where the constants are to be determined by special inte- 
gration, according to the process already deseribed in the 
article HARMONIC ANALYSIS (q. v.). 

As a single example, suppose that the value of f(x) is 
unity from «=0 to w=a, and zero from =a to #= 2a. 
This has many applications, as, for instance, to alternate 
heating and cooling of one surface of a solid, alternate 
“make and break” with a battery and a telegraph wire, 


etc. In this case we have 
he Ait ONS tale (2i + 1)ma 
fa=%5 + 3 a 8 F 3 


268. A point describes a logarithmic Resistea 
sptral with constant angular velocity about harmonie 
the pole; find the acceleration. TROHON: 

Since the angular velocity of SP (fig. 21) and the in- 
clination of this line to the tangent are each constant, 
the linear velocity of Pis as SP. Take a length PT, 


T Pp 


Fig. 21. 


equal to e.SP, to represent it. Then the hodograph, 
the locus of p, where Sp is parallel and equal to PT, 
is evidently another logarithmic spiral, similar to the 
former, and described with the same constant angular 
velocity. Hence pt, the acceleration required, is equal 
to e.Sp, and makes with Sp an angle equal to SPT. 
Hence, if Pu be drawn parallel and equal to pt, and wv 
parallel to PT’, the whole acceleration Pw may be re- 
solved into Pv and vw; and Pvu is an isosceles triangle, 
whose base angles are each equal to the angle of the 
spiral. Hence Pv and vw bear constant ratios to Pu, 
and therefore also to SP or PT. 


1The physical application of this problem to pendulum mo- 
tion, taking place in a medium in which there is resistance 
ee to the velocity, will be afterwards discussed ana- 
ytically. 
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The acceleration, therefore, is composed of a central 
acceleration proportional to the distance, and a tangen- 
tial retardation proportional to the velocity. And, if 
the resolved part of P’s motion parallel to any line in 
the plane of the spiral be considered, it is obvious that 
in it-also the acceleration will consist of two parts—one 
directed towards a point in the line (the projection of 
the pole of the spiral) and proportional to the distance 
from it, the other proportional to the velocity but re- 
tarding the motion. Hence a particle which, unre- 
sisted, would have a simple harmonic motion has when 
subject to resistance proportional to its velocity a mo- 
tion represented by the resolved part of the spiral mo- 
tion just described. 

If « be the angle of the spiral, » the angular velocity 
of SP, we have evidently PT. sin«=SP. o. 

Hence 


i eel Ws ra) w? 
ey eet Pfs — Sp. 42 : 
Pv=Pu=pt Se ain grt sin?a=s = n?.SP (suppose); 
and 
vu =2Pv. cosa = CoS PT = 2k . PT (suppose). 


Thus the central acceleration at unit distance is 
n?=wlsin’«, and the coefficient of resistance is 
2h = 20 cos @/sin &. 

The time of oscillation is evidently 2x/o; but, if 
there had been no resistance, the properties of simple 
harmonic motion show that it would have been 2zx/n; 
so that it is increased by the resistance in the ratio 
cosee#: 1, orn: Vn? —F?. 

The rate of diminution of SP is evidently 

PT . cos a= <=" sp =kSP; 

Ssln @ 

that is, SP diminishes in geometrical progression as 
time increases, the rate being & per unit of time per 
unit of length. By an ordinary result of arithmetic 
(compound interest payable every instant) the diminu- 
tion of log SP in unit of time is /. 

Hence, in the resolved part of the motion, the loga- 
rithm of the amplitude is diminished, every half vibra- 
tion, by kr/o. 

This process of solution is only applicable to resist- 
ance of harmonic vibrations when » is greater than h. 
When a is not greater than / the auxiliary curve can 
no longer be a logarithmic spiral, for the moving parti- 
cle never describes more than a finite angle about the 
pole; and then the geometrical method ceases to be 
simpler than the analytical one, 

269. What we have said about composi- 
tion of motions is merely a particular case 
of the general question of relative motion, 
which in its main principles is exceedingly simple. It 
is entirely comprehended in the following propositions, 
—which may be regarded as almost self-evident. 

Given the motion of A with regard to a point O, and 
that of B with regard to A, to find that of B with re- 
gard to O 

By compounding the vectors of relative position OA, 
AB, we have at once the required vector OB. Thus it 
is obvious that we have only to add the separate com- 
ponents of the velocity of A with regard to O, and 
those of B with regard to A, to obtain those of B with 
regard to O. And, of course, the same rule applies to 
the accelerations. 

If 2, y, z be the co-ordinates of A (referred to O) at time 
t; x’, y’, 2’ those of B referred to parallel axes from A; &, n, 
¢ those of B referred to O; we have at once 

§=e+2', n=y +y', SH=et+e'. 
They give, by differentiation with regard to ¢, 
§=2+4%', etc. §=4% +4", etc., 
which constitute the analytical proof of the statement 
above. 

270. Hence we have the solution of the further 
question: Given the.motions of A and B with regard 
to O, to find the relative motion of B with regard to A. 
In this case, of course, before compounding, the vector 
of A must have its sign changed. 


Relative 
motion. 
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Another very important case is that in which the 
motion is referred to axes which are themselyes moy- 
ing. So long as their directions remain unchanged, 
this reduces itself to the former investigation as a mere 
question of changed origin; so that we need consider 
only the effect of the change of direction of the axes. 
And this is at once deducible from the results of last 
section. or we have only to consider, instead of the 
moving point, its projections on the moving axes, and 
find their velocities and accelerations relative to fixed 
axes. 

Thus, if the rectangular axes of «and y be 
fixed, and those of & and » be rotating in the Revolving 
same plane, we have a datum of the form, ren 

é= angle Ox = f(t), 
giving the position of the moving axes in terms of the time. 
Let P be the moving point, and 
PM perpendicular to O€ (fig. 22). 
Then, as the polar co-ordinates of 
M are é, 6, we have, for its veloci- 
ty, 
é along O¢, .£6 along MP. 

But these must be combined 
with the velocity of P relative to 
Oo xe M, which consists of 


Fig. 22. 7 along MP and 7 parallel to £0. 
Thus the velocities parallel to 
fixed lines corresponding to the instantaneous positions of 
O€ and On» are, respectively, 
&—né and 4 + £6. 
In the same way it is easy to see, by ? 47, that the corre- 
sponding components of the acceleration are 
4 ; 1d : : Id : 
ha ee 88) and ares Gsilos, tee 
€—¢6 : ay (7 8) and ¥ — nd? + dé (€26). 
Kinematics of a Rigid Plane Figure, displaced in its 
own Plane. 


271. When a rigid plane figure is dis- 
placed anyhow in its own plane, the dis- 
placement may always be regarded as the 
result of a definite rotation about a definite 
axis perpendicular to the plane. 

The proof of this follows at once from the fact that, 
under the assigned conditions, the figure has only three 
degrees of freedom; and consequently its position is 
determinate whenever the positions of any two of its 
points are given. Also, a single rotation can, in gen- 


Motion of a 
plane fig- 
ure in its 
plane, 


eral, be found which will transfer these two points 
from one pair of assigned positions to another. 

Let A, B, A’, B/ (fig. 23) be successive positions of 
two points of the figure. 


Bisect AA’ by the line Oa 


B’ b B 
Fig. 23. Fig. 24. 

erpendicular to it, and let Ob do the same for BB’. 
fat these perpendiculars meet in O. ‘Then it is clear 
that the two triangles OAB, OA’B’ are similar and 
equal. Hence AB may be regarded as having passed 
to the position A’B’ by rotation about an axis through 
O perpendicular to the plane of the paper. ‘The angle 
of rotation is AOA’ or BOR. 

The construction fails when Oa and Od coincide, but 
in this case it is evident that the required point O is 
the point of intersection of BA and B’A/ (fig. 24). It 
also fails when the bisecting perpendiculars are parallel 
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(fig. 25). But then AA’ and BB’ are equal and par- 
allel, and the displacement is a pure translation, the 


A B 


Fig. 25. 


same for every point of the plane figure, which may be 
regarded as an infinitely small rotation about an infi- 
nitely distant axis. 

272. Since any displacement in one plane 


Com posi- . 3 
tion it ro. corresponds in general to a rotation, any two 
tations or more rotations about parallel axes can 
about par- 


always be compounded into a single one. 
Of two equal and opposite rotations the re- 
sultant is simple translation. This is evident from fig. 
26. In both cases A and B are the initial positions, 


A a’ 


allel axes, 


A 
A’ 


te B 


Fig. 26. 


A’ and B’ the final positions of the two axes. In the 
first we begin with the rotation about A, in the second 
with that about B. 

273. When these equal rotations are simaltaneous 
instead of successive, the figure becomes a rectangle ;— 
i. e., the translation is perpendicular to the line joining 
the axes. Tor in this case we may suppose the two 
rotations to be each broken up into successive equal 
but infinitesimal instalments. And the principles of 
infinitesimals show that two such instalments, either 
about the same or about different axes, produce the 
same ultimate effects whether they be applied simul- 
taneously or successively. The general principle of 
which this is a particular case is called the 


Superposi- rae cee 
tion of “principle of superposition of small mo- 
smallmo-  ¢ions.’’ It is merely an application of the 


fact that infinitesimals of the second order 
may be neglected in comparison with those of the first 
order. 

The consideration of simultaneous rotations 


Composi- is very important. Suppose a plane figure to 
fice of ro- yotate in its own plane, with angular velocity 
Peocupae: o, about the origin. Then it is obvious that 


ro, in a direction perpendicular to rv, is the 
velocity of a point whose distance from the 
The components are, therefore, 


b= —yo, j= 20. 
If the rotation be about the point a, b, these become 
L= —(y—bd)o, y=(xH#—a)o. 


allel axes. 


origin is 7. 


Hence, when there is any number of simultaneous rota- 
tions about parallel axes, we have 


%=—ylo+3(bo), y= rw — X(aw), 


If we write Q = dw, 
ad (dw) (bw) : 
an Maat Zw ’ Timsoe 
we have &=—(y—B)2, y=(x—a)O. 


These are the component velocities which the point 
x, y would have if there were only a single rotation, with 
angular velocity 9, about an axis passing through the 


point «, B. 
When X(w) =2=0, 
we see that Z=X(bw), y=— X(qw), 
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so that all points of the figure have equal velocities. This 
is the case of pure translation. Here # and £ are (in gene- 
ral) each infinite ;—7. e., we have as resultant a vanishing 
angular velocity about an infinitely distant axis. 


274, As any displacement of a plane poning of 
figure in its own plane is equivalent to a curve on 
rotation, we may represent a series of dis- CUTYe- 
placements by a series of rotations. Also if we know 
the positions, in the figure itself, of the points which 
are successively the axes, and likewise the position 
which each of them occupies in space at the instant 
when the rotation about it takes place, we can construct 
the whole motion. Let them be O, A, B, C, ete., and 
O, a, b, c, etc., respectively (Fig. 27). Then the figure 

c turns about O till A coincides 

with a. Next it turns about A 

(or a) till B coincides with 6, and 

so on. Hence the motion will be 

represented by the rolling of the 

polygon OABG, fixed in the 

moving figure, on the polygon 

Oabe fixed in the plane of the 
motion. 

In the limit, when the axis 
continuously shifts its position in 
the figure while the rotation goes 
on round it, the polygons become 
plane curves. Thus we have the fundamental prop- 
osition that any motion of a plane figure in its own 
plane can be represented by the rollmg of a curve 
attached to it, on a curve fixed in space. Both curves 
are situated at an infinite distance when the motion is 
one of pure translation. 


Fig. 27. 


Kinematics of a Rigid Figure. 
275. When a spherical cap, or skin, 
moves on the surface of a sphere of equal 
radius with which it is everywhere in con- 
tact, we may make the construction of ¢ 71 
with great circles bisecting the ares AA’ and 
BB’. Two great circles (unless they coincide) always 
intersect at the extremities of one definite diameter, — 
The case of coincidence is met exactly as it was in 271. 
Hence every motion of aspherical skin on a sphere ig 
equivalent to a rotation about a definite axis through 
the centre of the sphere. Thus any number of suc- 
cessive or simultaneous rotations about axes passing 
through one point can be compounded into a single 
rotation about an axis passing through that point. And 
the construction of 274 can be carried out with spher- 
ical polygons or curves, so that we see that any motion 
of a rigid figure, one point of which is fixed, can be 
represented by the rolling of a pyramid or cone, fixed 
in the figure, upon another fixed in space. 
276. The law of composition of simulta- 
neous angular velocities about axes which 
pass through one point is precisely the same 
as that for simultaneous linear velocities of 
amoying point. The following simple geo- 
metrical process establishes the proposition for two in- 
tersecting axes; and it is easy to see that it can be ex- 
tended to any number of such. Let OA and OB (fig. 
28) represent the two axes, 
g° and let the lengths of these 
lines (both drawn in the posi- 
tive direction for the rotation 
about them) represent the an- 
cular velocities corresponding. 
Then a point P, in the angle 
between the positive ends of 
the axes, is raised above the 
plane of the paper by rotation 
about OA, but depressed be- 
low it by the rotation about 
OB. The amounts of the ele- 
vation and depression are proportional to the distance 
from either axis, and to the angular velocity about it, 
conjointly. Hence they will annihilate one another if, 


Displace- 
ment of 
sphere 
about its 
centre. 


Composi- 
tion of rota- 
tions about 
axes which 
intersect. 


Fig. 28. 
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os PM, PN being drawn to the axes, we 
aye 
OA.PM=OB.PN. 
This is equivalent to saying that the areas of the trian- 
‘les OAR. OBP, are equal,— which necessitates that 
p should lie on the diagonal of the parallelogram of 
which OA, OB are conterminous sides. Let OC be 
the diagonal of this parallelogram. From what has 
been said above it is evident that the displacement of 
any point in the plane is necessarily proportional to the 
algebraic sum of the moments of OA and OB about it, 
and therefore (2 46) to the moment of OC. Hence all 
points in the line OC remain at rest, and the figure 
turns about that line with an angular velocity repre- 
sented by its length. This analogy to moments shows 
the reason for the remarkable proposition that angular 
velocities, about axes which intersect, are to be com- 
pounded according to the same law as linear velocities. 
277. Any proposition regarding simulta- 
Analogy neous linear velocities or accelerations has 
linear and_ thus its counterpart in angular velocities and 
cee Sere accelerations. I’hus, as we have seen (% 36) 
’ that under acceleration in one plane, always 
perpendicular to the direction of motion, a point moves 
with uniform velocity, so, if a figure be rotating about 
one axis, and have angular acceleration about a second 
axis always perpendicular to the first, the direction of 
the axis about which it rotates is changed, but not the 
angular velocity. 

It is to be noted that in such a case the direction of 
the axis changes not only in space, but also in the rota- 
ting figure itself. This, however, is merely the result 
of 2 36 in a slightly altered form. 

Compost Tf Oz be the angular velocity of a figure about 
tion of an- the line which, for the moment, coincides with 
gular yelo- the axis of z, the consequent displacements dur- 
citiesabout ing time ét of a point 2, y, z are (2 73) 
intersect- Su = —Yyuzdt, by = tw28t. 
ing axes. —_ Of course similar results hold for the angular 
velocities about lines for the moment coinciding with the 
axes of x and of y. The joint effect therefore is found by 
adding the various separate values obtained by permuting 
the letters a, y, z in cyclical order. Thus 

84 = (Zwy — yur) dt, 

by = (awz—Zwz)dt, 

62 = (you — Lwy dt. 

The right-hand members of these equations vanish if 


eee Yan ty 


Wy 


51GB 


These correspond to the two equations of the instantan- 
eous axis, and reproduce, in an analytical form, the result 
of 2 76. 

The angular velocity about this axis is 


a= Vw2+or +02. 
For it is clear that the direction cosines of the displace- 
ment of 2, y, 2 are proportional to 
Ry —YOz, LHz— Wz, YWr — Voy, 
showing that it takes place in a line perpendicular to the 
plane passing through 2, y,z and (1). It is therefore per- 
pendicular to (1). 
Also the whole displacement is 
V (8n)? + (8y)? + (82)? 
| = 8tV (Rwy — yor)? + (oz — Zwz)? + (yor — tay)? 
ae 2 
=tY wr ob tok af ot ty? +2? Clee 5 
oy + oy +o, 


The last factor is the distance of z, y, z from (1). 
the second is the angular velocity about (1). 
It appears at once from this result, and from the form of 


(1), that 


are the direction cosines of the instantaneous axis, 

If the figure be rotating simultaneously about a number 
of axes,—say with angular velocity #,, about an axis whose 
direction cosines are /,, m,, n,, etc.,—we have evidently 


2 = Blu), oy = 3(mw), we = 3/nw), 


Hence 
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From these the single instantaneous axis is found im- 
mediately as above. 

278. Any displacement whatever of a 
rigid figure may be effected by means of a 
screw-motion, 7.¢., translation parallel to 
some definite line, accompanied by a pro- 
portionate rotation about that line. Let A and A” be 
successive positions of any point in the figure, and sup- 
pose the body to be brought back by a mere translation 
so that A’ coincides again with A. Then we have seen 
(275) that one line of the figure through A is necessa- 
rily restored to its original position. Let P be any plane 
section of the figure, perpendicular to this line, P7 its 
position after displacement. These fully determine the 
initial and final positions of the whole figure. Shift P 
into the plane of P’ by a translation perpendicular to 
either, and let P’’ be its position. P’’ can (271) be 
brought to coincide with b by a rotation in its own 
plane. Hence the proposition. There is an excep- 
tional case when P” requires only translation to make 
it coincide with P’. But then the whole figure is merely 
translated. 

279. We have seen that the straight line 


Rigid 
figure any- 
how dis- 
placed. 


representing an angular velocity is to be re- Angularac- 
solved by the same process as that repre- about a 
senting a linear velocity. If we consider a Mevns 


figure to be rotating about axes fixed rela- 
tively to it, accelerations of angular velocity about these 
will be represented by changes in the lengths of the 
lines representing the angular velocities, and will there- 
fore be subject to the same conditions as the angular 
velocities themselves. Thus, as it is obvious that a 
figure is rotating at any instant with the same angular 
velocity about an axis fixed relatively to itself, and about 
another axis fixed in space, which at the given instant 
coincides with the former, it follows that the angular 
accelerations about these axes are equal at that instant. 

This is really the same proposition as that 7 is the 
velocity along a fixed line coinciding with the radius- 
vector 7 (447). But, just as 7 is not the complete accel- 
eration parallel tor, if 7 be rotating, so the proposition 
above, though true for the first fluxion of the angular 
velocity about a moving line, is not generally true for 
fluxions of higher orders. 

As this subject is commonly regarded as somewhat ob- 
scure, we may give a more formal examination of it by an 
analytical process. Suppose 1, #,, #3 to be the angular 
velocities about rectangular axes OA, OB, OC fixed relative- 
ly toa figure, and » the angular velocity of the figure rel- 
atively to a line OS fixed in space. Let 1, m,n, be the 
direction cosines of the latter line with regard to the 
former three, then 

wo = lo, + Mwy + Nos, 

and & = ld, + Mo, + nds + lw + tog + hws. 
But u+mn+ni=0; 
and if at a particular instant, we have /=1, m=0, n=0, 
this gives also 7=0, so that we have 
@ = 01 + tw, + hws, 
m= cos BOS = cos @ suppose. 
m= —sin 6.6, 
But, at the instant in question, @= 47 and 6=ws, 
so that i 
In the same way we see that 

= +095 


®= 4, 


Now Hence 


th = — os. 


and thus we have 
which is the proposition above given. 


2 80. To complete the kinematics of a 
rigid figure of which one point is fixed, we 
require to have the means of calculating its 
position, after the lapse of any period during 
which it has been rotating with given angu- 
lar velocities about given axes. 

If the axes about which the angular velocities are 
given be fixed in space, the formulz of 2 77 give at 
once, for a unit line fixed in the figure, the expressions 

i = N&y — Mz, 
m= lwz — NWz, 
= Moz — lwy. 


Position of 
rigid figure 
in terms of 
rotation 
about axes 
fixed in 
space; 
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Here J, m, n are the direction cosines of the unit line 
at time ¢; and they satisfy, of course, the condition 
i+ min +nr=0. 

But, except in some special cases, these equations are 
intractable. This, however, is of little consequence, be- 
cause in the applications to kinetics of a free rigid body 
the physical equations usually give the angular veloci- 
ties about lines fized in the body. Our problem, then, 
takes the form 

281. Given the angular velocities of a 
figure about each of a system of three rect- 
angular axes which are rigidly attached to 
it, find at any time its position in space. 

t is clear that, if we know the positions of the re- 
volving axes, referred to a fixed system, with which they 
at one instant coincided, the correspondiig position of 
the figure is determined. The method usually em- 
ployed is as follows. 

About the common origin of the two sets of axes 
suppose a sphere of unit radius to be described. Let 
X, Y, Z (fig. 29) be the traces on this sphere of the 
fixed axes, and A, B, C 
those of the revolving axes. 
Draw a great circle ZC 
so as to meet in A’ the 

uadrant BA produced. 

hen it is clear that the 
figure can be constructed 
(7. e., that the data are 
sufhicient for calculation) 
if we know (a) the angle 
XZC,—this we call w; 
e) the arc ZC, called 6; 
c) the angle A’CA, or 
the are A’A, called ¢. 
For X, Y, Z are given. Then (a) shows how to draw 
the great circle ZC, whose pole is N on the great circle 
XY. Hence (d) gives us the points C and A’%. We 
can next draw the great circle YN , and A and B are 
found on it by (ce), for AAA =NB=¢. We have now 
only to determine these angular co-ordinates in terms 
of the angular velocities of the figure about OA, OB, 
OC, which we denote by @, ©, 3; respectively. 

The velocity of O along ZC is 6. But it is produced 
by the rotations about A and B. Thus we have 

6 =, COS} -+ w, Sin >. 

The velocity of C perpendicular to ZC is sin 6.1. 
This also is part of the result of the rotations about A 
and B, so that : 

sin 6.4 =, sind —w, cos. 


The velocity of A along AB is that of A’ together 
with the rate of increase of A’A. Also it is entirely 
due to rotation about OC. Hence 


cos 6.7 + 6 = ws. 


These three equations determine 4, , ¢ when @, 0, 0, 
are given as functions of ¢. 

@ 82. The process above is essentially un- 
symmetrical. The first suggestion of a sym- 
metrical system is due to Kuler, and depends 
upon the general proposition of 475. What we must 
seek is the single axis, and the angle of rotation about 
it, which (by one operation) will bring the system or 
figure from its initial state determined by X, Y, Z to 
its state at time ¢, determined by A, B. C. 

Let /, m,n be the direction cosines of this axis, o the 
angle of rotation about it. Then by the elementary the- 
orems of spherical trigonometry we find 


cos XA =1? +(1— 1?) cos a, 
cos YB =m?+(1—m?) cos ow, 
cos ZC = n?+(1—n2) cosa. 


Thus, as we have an independent relation among 
?, m*, n’, these quantities as well as a, can all be ex- 

ressed in terms of the cosines of the three angles 
ene the original and final directions of the three 
axes severally. 


fixed in the 
figure. 


Fig. 29. 


Sym- 
metrical 
process. 
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We have other six equations, of which only one need 

be written, viz. :— 
cos YA =Im(1—cosa) +nsin o. 

2 83. If we put Rodri 
w = cos 3a, x =I sin sw, y =msin 4a, z =nsin lo, ane - 
which inyolve the equation of condition j 

w? + 2? +4? 4+22=1, 

the nine direction cosines of the new positions OA, 
OB, OC, referred to the fixed lines OX, OY, OZ, 
become 

w2 + ined —y? —2?, 

2(ya — wz), 

(az + wy) , 
These expressions, rational in terms of the four quan- 
tities w, a, y, z, are due to Rodrigues, who, however, 
gaye them in a slightly different form. 

If 1, #5, w, be the angular velocities about OA, OB, OC, 
respectively, we have 


es's 


2az—wy) , 
2(yz + Wa) , 
w2 — 42 —y?+2?. 


Q(we + ay), 
w2 — a? +y? —27, 
2(yz—we), 


2W=— Tw, — Yoo — 203, 
22 = Woy — 209 + Yws, 
2y = 20, + Ww, — Xws, 


22 =— yo yt Lon + Ww. 
If wz, wy, wr be the angular velocities about OX, OY, OZ, 
respectively, we have 
Qy = — Le — Ywy — RWz, 
26 = Woe + Zwy — Yor, 
2Qy = — wz + Way + Loz, 
22 = Yur — wy + Woz. 
Each of these sets is equivalent.to three independent equa- 
tions only, on account of the relation 
ww + ot + yy + 22=0. 


Kinematics of a Deformable Figure. Strain. 


284. So far we have considered change 
of position of a figure of invariable form. 
We must now consider changes of form and volume in 
the figure itself. This is required for application to 
physical problems, such as compression of a liquid or 
gas, the distortion of a piece of india-rubber, ete. — 
Any such change of volume or form is called a ‘‘ strain.” 
The treatment of strains is entirely a kinematical ques- 
tion, until we come to regard them as produced in 
physical bodies, and consider their cause. 

The system of forces which is said to pro- 
duce a strain is called a ‘‘stress.’’ But, 
just as we study velocity as a preparation for the dis- 
cussion of the effect of force on a free body, so we 
study strains as a preparation for the discussion of the 
effects of stress. 

285. In order to fix the ideas, it is con- wetero- 
venient to suppose the figure which is to geneous 
undergo strain to be cut up into an infinite ™- 
number of similar, equal, and similarly situated paral- 
lelepipeds. This is effected at once by supposing it to 
be cut by three series of planes, those of each series 
being parallel to one another, and equidistant. No two 
of these three series must be parallel, but the distance 
from plane to plane need not be the same in any two 
of the series. If the strain be continuous there will be 
no finite difference of effect upon any two neighboring 
parallelepipeds ;—but in general their edges, which 
originally formed three series of parallel straight lines, 
will become series of curves. o two parallelepipeds 
of the system will in general be altered in precisely the 
same manner. ‘This is called ‘‘ heterogeneous strain.” 

286. We found it convenient to study yomo 

drs di , so 
uniform speed before proceeding to consider neous 
variable speed, and so we find it conye- ‘tain, 
nient to take up first what is called 

Homogeneous Strain.—A figure is said to be homo- 
geneously strained when all parts of it originally equal, 
similar, and similarly situated remain equal, similar, 
and similarly situated, however much they may in- 
dividually have been altered in form, volume, and posi- 
tion. 


Strain. 


Stress. 
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Now recur to our set of parallelepipeds. After a | 
homogeneous strain these remain equal, similar, and 
similarly situated. Hence they must remain parallel- 
epipeds, for they must together still continuously make 
up the volume of the altered figure. Thus planes re- 
main planes, and straight lines remain straight lines. 
Equal parallel straight lines remain equal and parallel. 
Parallel planes remain parallel, ellipses remain ellipses 
(as is obvious from their properties relative to con- 
jugate diameters), ellipsoids remain ellipsoids, ete. 

But we can now easily see how many conditions fully 
determine a homogeneous strain. For if we know how 
each of three conterminous edges of any one of the 
original parallelepipeds is altered in length and direc- 
tion, we can build up the whole altered 
system. Hence, to fully describe a homo- 
geneous strain, we require merely to know 
what changes take place in the lengths and directions 
of three unit lines not in one plane. Three numbers 
are required for the altered lengths, and two (analogous, 
say, to altitude and azimuth, or latitude and longitude, 
or R.A. and N.P.D.) for each of the altered directions. 
Hence, in general, a homogeneous strain depends upon, 
and is fully characterized by, nine independent numbers. 

287. The simplest form of strain is that 
which is due to uniform hydrostatic stress 
acting on a homogeneous isotropic body. 
Here directions remain unaltered, and the lengths of 
all lines are altered in the same ratio. Every portion 
of the original figure remains similar to itself, its linear, 
superficial, and volume dimensions being altered as the 
first, second, and third powers of that ratio. 

Next in order of simplicity is the case in 
which there are three directions, at right 
angles to one another, which suffer no change 
except as regards length. This state of things would 
be produced in a homogeneous isotropic body by three 
longitudinal extensions or compressions in lines at right 
angles to one another, or by hydrostatic pressure in a 
homogeneous non-isotropic solid. In this case, if the 
changes of length above spoken of are all different, an 
originally spherical figure becomes an ellipsoid, with 
three unequal axes parallel respectively to the lines 
whose directions remain unaltered. Every line in the 
body not originally parallel to one of these is altered in 
direction. If one of the principal changes of length be 
an extension, and another a shortening, there will be a 
cone formed of lines which are not altered in length. 
This is seen at once by describing from the centre of 
the ellipsoid a sphere equal to the original sphere. 
One axis of the ellipsoid being greater than the radius 
of the sphere, and another less, the ellipsoid and sphere 
must intersect; and all lines drawn from the common 
centre to the curve of intersection are unaltered in 
ah (though all altered, as before remarked, in direc- 
tion). 

When two only of the changes of length are equal, 
the ellipsoid beconjes one of rotation, oblate or prolate 
as the case may be; and if the radius of the sphere 
be intermediate in value to the axes of this rotation- 
ellipsoid, we have a right cone of rays unaltered in 
length. 

When all three changes of length are equal we have 
the simplest possible case,—which has been already 
treated. 

288. The essential element in these particular cases 
is that three lines at right angles to one another are 
unaltered in direction by the strain. Here there is a 
mere change of form, and the strain is said to be 
* pure,” or ‘free from rotation.’’ Such a strain, in 
its most general form, is fully characterized by st in- 
dependent numbers. Fora system of three mutually 
perpendicular lines is fully given in direction by three 
numbers, and three more are required for the changes 
of length which they severally undergo. 

But, in general, a strain is not pure. It 
will be shown, however, below that the 
principal axes of the ellipsoid into which a | 


requires 
nine con- 
stants. 


Uniform 
dilatation. 


Pure 
strain, 


Rotational 
strain. 
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sphere is changed by any strain, and which is called 
the ‘‘ strain ellipsoid,’’ were originally radii 
of the sphere at right angles to one another. 
Hence the strain may be looked upon as 
made up of two operations, viz., a pure strain, and a 
rotation through a definite angle about an axis in a 
definite position in space. The axes of the pure strain 
are lines fixed in the figure. 

289. It is useful, in farther considering 
the subject, to introduce along with the orig- 
inal strain (thus analyzed), another which 
is called its ‘‘ conjugate.’’ This is defined as composed 
of an equal pure strain with the first with an equal but 
opposite rotation. And the separate component opera- 
tions must be taken in the opposite order in the strain 
and in its conjugate. 

The successive application of the strain and its con- 
jugate thus necessarily leads to the reduplication (or 
squaring) of the pure part of the strain, and to the 
annihilation of the rotation. Tor, eall the parts, as 
operators, Pand R. The strain and its conjugate, re- 
ferred to axes fixed in space, may be either 

RP and PR-1 
or PR and BP, 


according as the pure strain or the rotation is first 
applied. The operations in each group are written, 
from right to left, in the order in which they are per- 
formed. Thus RP means the pure strain P, followed 
by the rotation R. 

290. The final results are P? and P?. In 


Strain 
ellipsoid. 


Conjugate 
of a strain. 


7 : Successive 
the first case we have the pure strain, fol- Bestened 
lowed by the rotation; then (by the con- of conju- 
jugate) the rotation is undone, and the pure S&t¢ 


strain reapplied. In the second we rotate 

first, then apply the pure strain twice, and finally un- 
do the rotation. Thus the student must be cautioned 
against the error of supposing that the results of apply- 
ing PR and RP separately are generally the same. 
Perhaps it will be easier for the reader to consider the 
‘*reciprocal,’’ instead of the conjugate, of a 
strain. For if the strain be RP, the recip- 
rocal is obviously P-'R-'; if it be PR. the 
reciprocal is R~'P-!. Hither pair of these, taken in 
either order, restores the figure to its primitive form. 
The one point to be noticed is that, in whatever order 
the direct component operations are supposed to occur 
in the strain, their reciprocals must be taken in the 
opposite order in the reciprocal strain. The reciprocal 
strain simply undoes the strain, and therefore differs 
from the conjugate by a factor, the square of the pure 
part of the strain. 

From this we have at once, as will be seen later, the 
means of decomposing a given strain into its pure and 
its rotational factors. This is effected as soon as we 
can form the expression for the conjugate strain in 
terms of that for the strain itself. 

291. As, in general, any strain converts a 
spherical portion of a figure into an ellipsoid, 
and asan ellipsoid has two series of parallel cireular see- 
tions, it appears that in every strain there are two series 
of planes of no distortion.’ The consideration of these 

lanes leads us to a second and very different mode of ana- 
yzing a strain into simpler components. Perhaps the 
most elementary mode of. considering this subject is by 
thinking of the motion of water flowing slowly down a 
uniform channel. We know that water, at ordinary 
pressures, is practically incompressible ; also that the 
upper layers of the water in a canal flow faster than 
those below them. Hence the definition of a ‘‘ simple 
shear.’’ Let one plane of a figure be fixed, and let the 
various planes parallel to it slide over it, and over one 
another, all in the same direction, and with velocities 

roportional to their distances from the fixed plane. 
t is clear that this shear produces homogeneous strain 
in the figure, but it is mere change of form without 


1 We here exclude spheres and ellipsoids of rotation. .The 
latter have only one series of circular sections, the former an 
infinite number, 


Reciprocal 
strain. 


Shear. 
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The fixed plane and all those par- 
allel to it, are planes of no distortion. But we have 
seen that there must be two sets of such planes. To 
find the second set, let us suppose the plane of fig. 30 
to be parallel to the 
common direction of 
sliding, and perpendic- 
ular to the fixed plane. 
This plane, so defined, 
is the plane of the 
shear. Let AB be the 
trace on it of the fixed 
plane, PQ that of one 
of the sliding planes, 
PP’ the amount of its 
sliding. Bisect PP’ in 
M by a perpendicular, meeting AB in A. Join AP, 
take AB=AP, and draw BQ parallel to AP. Con- 
sider the strain of the rhomboidal portion APQB of 
the figure. P moves to P’, and Q to Q’, where QQ’ = 
PP’. Hence the rhombus remains a rhombus, for 
AP’=AP=AB. But the lengths of its diagonals 
have been interchanged. It has been subjected to an 
elongation of AQ, and a contraction of BP, each in 
the same ratio (so that their product, 7. e., double the 
area of the rhombus, remains unaltered), while all 
lines perpendicular to the plane of the figure remain 
unaltered. From the symmetry of the rhombus it is 
obvious that AQ’ and BP’ are the greatest and least 
axes of the strain ellipsoid, while AB and AP’ are 
parallel to its circular sections. Planes originally par- 
allel to AP and perpendicular to the paper are there- 
fore the second set of planes of no distortion. The 
rotational part of the shear may be measured in terms 
of the angle PAM, but is given directly by PBP’, and 
its axis is perpendicular to the plane of the figure. 
The most convenient measure of the shear is the ratio 
of PP’ to AM, or, what involves the same, the angle 
PAP’. Another mode of measuring it is by means of 
the ratio BP/AQ,=I+e, suppose. If e be a small 
quantity, as is usually the case with solids, we may 
write | +e for the measure of the shear. Here e indi- 
cates the extension per unit of length along one diag- 
onal of the rhombus, and the contraction per unit of 
length along the other. 

Decompo- #92. It is quite clear from what has been 
sition of a said that we can analyze a strain by the 
tice help of simple shears compounded with 
different forms of pure strain. For the shears may be 
taken in an infinite number of ways so as to produce 
the rotational part of the given strain, while also pro- 
ducing deformation without change of volume. ‘The 
final adjustment is to be made by a pure strain, whose 
axes are those of the strain ellipsoid due to the shears. 
As a shear depends on four quantities only, two shears 
and a dilatation furnish the nine constants required for 
a homogeneous strain. 

Compost: The successive application of two pure 
tionofpure strains does not, except in special cases, 
strains. give rise to a pure strain. This is, phys- 
ically, a most important proposition. Thus, for in- 
stance, the instantaneous strains of each element of a 
perfect fluid in which there is no vortex motion are 
pure ; and yet, if the element be followed in its motion, 
it will be found in general to rotate. Its motion is said 
to be ‘‘ differentially irrotational.”’ 

To prove this proposition by the help of a particular 
case is simple enough. Take, for instance, a compres- 
sion in one direction, followed by an equal extension in 
a different direction. Only when these directions are 
at right angles to one another is the resultant strain 
pure. 


Analysis. 


change of volume. 


Fig. 30. 


293. The analytical theory of strains is, 
at least in its elements, an immediate appli- 
cation of the properties of determinants, usually of the 
third order. We subjoin a slight sketch of it. 


We have seen that it is only necessary, for the full cha- 
racterizing of a strain, that we should know what becomes 
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of three unit lines not originally coplanar. Take these pat- 
allel to the axes (generally oblique) of a, y, z. Then if the x 
unit becomes a line which is the diagonal of a parallelepiped 
with sides a, d, g parallel to the axes, y similarly that of }, 
e, h, and 2 of ¢, f, 1, we see at once that the co-ordinates of 
the point originally at 2, y, z become 


x= ax + by + cz 
ate ten fl Acne ES 
2'=gu +hy + tz 

Here it is obvious, from the premises, that the nine 
quantities a, b, c; d, e, f; 9, h, i are all real, and altogether 
independent, at least so far as kinematics is concerned.! 
To obtain an idea of their nature from another point of 
view, let us suppose the axes to be rectangular. Let unit 
parallel to «become e,, in the direction given by the cosines 
11, mz, ny. Similarly, let e., lz, m2, XN, belong to a unit 
originally parallel to y, and es, /,, m3, N3 to a unit parallel 
to z. Then the broken line 2, y, z becomes 2’, y', 2’, where 

w= e11,% +eoloy + egl32 
y= €yM1x + CoMay +egmaz >. i. . » CA"). 
2’ = yNyL + egNoy + €3Ngz 

Though we have introduced three numbers e along with 
nine direction cosines, no greater generality is secured, for 
there are three necessary relations, one among each set of 
cosines, 

To find the characteristic property of a pure Gharac- 
strain, let us take it in its most general form. teristie 
Thus let 1,, my, ny now denote a line which, Of pure 
without change of direction, has its length Stain. 
altered by the strain in the ratio e,:1. Let Ts, me, No, es, 
and 1, m3, 3, és be similar data for the other two of the 
system of rectangular axes of the pure strain. Then to 
these axes the co-ordinates of a, y, 2 are 

f=1,0+myyt nz, 
= 1, + Moy +Noz, 
G=1,u+ May +132. 
The strain converts é into ¢’/= e,é, n into y/= egy, and ¢ into 
¢’=e3¢. Hence the final co-ordinates (to the original axes) 
of the point originally at 2, y, z are 
o— 1,é’ si lon! oA ls se 
y' =m, E+ Mon'+ M36, 
2'=148' + on’ +1303 
or, in terms of 2, y, 2, 
x! = (e417 + egl3 + e512)a + (e,1,m,z + egloms +e3lgms)y 
+ (eylynq + Cglons + €3l3n3)2 


y= (eymyly + egmMol, + e3mal,)x 
+ (e;m} + e.ms +egm2)y 
+ (€,MyNy + CoMgNy + &3MgN3)z 
2! = (eynyly + Coole + e3nzlzg)x + (eynym, + eoNgMe 
+ e3ngmg)yt (e,ny + egn? + esn3)z 

If we compare this with the general expression above 
given for a strain, we see that the coefficient of y in the 
value of x’ is equal to that of x in the value of y’. Similarly 
that of z in a is equal to that of a in 2’; and that of z in y/ 
is equal to that of y in 2’; or finally 

b=d,c=g,f=h. 

Conversely, when these three conditions are Pure strain 
satisfied, and not otherwise, the strain is pure. depends on 
It is to be observed that &, y, ¢ form a rectang- six condi- 
ular system, and thus the nine direction co- tons. 
sines (usually involving si# arbitrary numbers) depend 
here on three numbers alone. Thus there are six independ- 
ent numbers, corresponding to a, e,i, b,c, f, in the general 
expression for the strain. 

It is clear, from the elements of co-ordinate 


(B). 


Seay: Change of 
geometry, that the been ite Yolun a 
a c strain, 
die f 
gh 


represents the ratio in which the volume is increased by 
the strain.” 


Let us now introduce, in succession to the Conjugate 


strain ’ strains. 
ab ¢ 
Gt fon soy RRL 
ght 


1 But when strain is produced in a piece of matter, a limitation 
comesin. For, to take the simplest case, the strain 
WS, Ui Uk ae 
implies that the figure to which it is applied has been “ per- 
verted,’—i. e., changed into its image as seen in a plane mirror. 
2 When this strain is produced in a piece of matter, the numer- 
ical yalue of the determinant obviously cannot be negative. 
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the connected strain 
adgqg 
CMC es ie. sl et 
Cop * 
which obviously produces an equal change of volume with 
the former. 
Applying these strains in succession, we have as the final 
result 


(1’), 


al = az! ne dy’ a g2'; 
yl" = ba! fy ey! fs hz’, 
2” = ex! + fy’ a iz’, 
or, substituting for «’, y’, 2’ their values in terms of x, y, 2, 
uw!’ = (a? +d? + g?)a+(ab + de + gh)y + (ac + df + giz, 
y!’ = (ba + ed + hg)aw + (b? + ce? +h?)y + (be + ef + hi)z, 
2! = (ca + fd + ig)a + (cb + fe+ ihjy + (c? +f? + 7 )z. 
Thus the resultant strain is 


a? + d? + g? ab + de+ gh ac +af + gt 
ba + ed +hg b? + e? + h? be + ef +hi 
ca+ fd +ig ch + fe + ih c? + f24+% 
which, for simplicity, we will write as 
ab 
DME Aitohy Hcl crash yale. Ue) 
VIB t 


It will be observed that this group of nine numbers, if 
treated as a determinant, constitutes the product of the de- 
terminants formed of the two systems above. 

This satisfies the criterion of a “pure strain” as given 
above ; and we thus see that in the successive application 
of the strains 


abe adg 
def and beh 
ghia Ca fd 


the rotation produced by the first is annihilated by the 
second, 
Let A, B, C, etc., be the minors of 


abe 


v6 ff 
ght 


A= 


corresponding to a, b, ¢, ete. 
Then by our original equations we have 
Au = Aa! + Dy’ + Ge’, 
Ay = Ba! + Ey’ + He’, 
dz = Ca! + Fy’ + Ie’. 
Thus the reciprocal of the strain 


Reciprocal 

of sivain, abe A/A D/A G/a 
Crewe ws" TBA SBA, js 
ght C/A F/a I/a. 


This is evident from the formule just written. For they 
express that the new strain converts 2’, y’, 2’ into 2, y, 2. 

Apply the resultant strain in succession to this reciprocal. 
The result is easily foreseen from separate terms like the 
following :— 

A(a? + d? +9?) + B(ab + de + gh) + C(ac + df + gt) 
=a(Aa+ Bb + Cc) + d(Ad + Be + Cf) +g(Ag + Bh + Ci) 
= aA; étc, 

Hence when we apply (2) to a figure previously strained 
by the reciprocal of (1) the result is the strain (1’), Hence 
we verify that the latter is the conjugate of (1); as it pos- 
sesses the properties described in ? 90, all of which are thus 
established. 

F To analyze a strain in the simplest manner, 
Analysis of we must find the axes of the strain ellipsoid 
slishaases 7 88), as well as the original radii of the unit 
sphere which were distorted into them. It is more direct, 
however, to consider the ellipsoid which becomes a unit 
sphere in consequence of the strain. The equation of that 
ellipsoid is * ' 

(aa + by + cz)? + (da + ey + fz)? + (ga + hy + iz)? =1; 
or, with the notation employed in (2) above, 
. oe? + ey? + oz? + May + QByz+ 2yza = 1. | " 

But the square of any radius-vector is 

x? + y? + 2? =r, suppose. 


The maximum radius-vector, therefore, of the ellipsoid 
is found from the two equations 


(ax + by + yz)dx + (du + ey + Bz)dy'+ (yx + By + wz)dz=0, 
xdx + ydy + 2dz=0. 

Hence, p being a numerical quantity to be found, 
ax+ dy + yz= pa, 
dat+eyt+Bz—py, . . « - 
ya + By + z= pz. 

Multiply respectively by 2, y, z, add, and take account of 


the two preceding undifferentiated equations. We thus 
have 


ay. 


1=pr?, 
or p is the reciprocal of the square of the maximum semi- 
axis required. 

But, if we eliminate a, y, and z simultaneously from the 
preceding linear equations, we have 
Ls y 

6 ip B 

2 Bia tp 
This equation is known to have three real 


aie 


positive roots, because the determinant is sym- pence os the 
“10 TY = ar at POE} 7 3y i < 
metrical. The roots are the squared recipro ellipsoid. 


cals of the semi-axes of the ellipsoid, 7. e., they 
are the squares of the semi-axes of the strain ellipsoid. 

When the three values of p have been found from this 
equation, any two of the equations (4) give in an unambig- 
nous form the corresponding values of the ratios a: y:2 for 
each of them. Thus we know the original positions of 
the lines which become the axes of the strain ellipsoid. 
Their final positions are found from these by means of (A). 
And, since we thus know the original and final positions 
of the rectangular system, the method of Rodrigues enables 
us to calculate the axis and amount of the rotation. 

In homogeneous strain, one direction at least One line, at 
is unchanged. This is an addition to, or ex- least, unal- 
tension of, the singular result of 3 75. tered in 

For, if x, y, z be shifted to a point on its ra- ‘direction. 
dius-vector, we must have 

? 
ad G=e€ hg 
g h 


a cubic equation, which must have one real root. 

When the figure is rigid, the strain must > 
bea rotation only. Hence in the formule Straina 
(A’) above we have e; =e,=e;=1. Thus “°° ration: 
the last written equation becomes 


ax + by + cz = ex 

dx + ey + fz = ey 

gx + hy + iz =z 
so that 

a—e 6 c | 


i—e | 


i eeieice! she 
=0: 


My, Mz—Ee M3 ’ 


ny Ne 
or (by the properties of the direction cosines of a set of 
rectangular axes) 
1— (1,4 me +z) (e—e?) —e3 =0, 
This has, of course, the real root «=1. But we also have 
1+e(1—(l +my +n ))+e?=0. 


This cannot have real roots if the coefficient of « lie be- 
tween the limits 2or—2. But these are its greatest and 
its least possible values. For, first, 11, m,n 3 may be each 
=1 simultaneously. Here we have 


N3z—e 


(1l=—2)2=0. 
Or two of them may be each = — 1, but then (to avoid per- 
version) the third must be=1. Then we have 


(1+«)?=0. 
In the first case the figure has no rotation. In the sec- 
ond it rotates through an angle m about the axis of «=1. 
The proposition that two pure strains suc- Composi- 
ceeding one another usually give a rotational tion of 
strain is proved at once by analysis. Let the two pure 
pure strains be such that strains. 
w'=an + dy + cz, 
y'= dx + ey + bz, 
2'= cu + by + iz; 
and 
g'= aa! + Wy'+ C2! 
OS dal + ely’ + b’2', 
alls ola! + bly’ +72'. 
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Then, writing only the second term of «’’ and the first 
of y’’ in terms of a, y, 2, we have 
itete +(v/d+det+ebyy+ ... 
yl —=\(da+e'd-tble\at «sao 3 FE we 
Len a GRE OL Net REINA TO. AG oreo ren 
It is clear that, in general, this is not a pure strain. But 
it is also clear that a third pure strain can be found whose 
application in succession to the other two will give a pure 
strain. 
For let the last equations be written 
al=aila+blly + c!'2, 
y= d's +ely aE fi!2, 
g= gx he Wy Ef wa; 
and let us apply further the pure strain 
al = al + dy! + ye”, 
i ba" + ey! + Bas 
t= yal! + By!’ + wee 


gl = 


Then we have 

Bi fo ww tw ED be + yh yt 6 we 

gf t= (Sal ed! = Bg Bite eg el Sh wt he 

By ons 

There are but three conditions to satisfy, that this strain 
may be pure. But we may accomplish this in an infinite 
number of ways, for we have five disposable quantities, 
viz., the ratios of any five of a, ¢, v, 8, y, 6 to the remaining 
one. In a precisely similar manner we may show that 
three pure strains can be found, such that their resultant 
isa mere rotation. Im fact, all we have to do, since two 
pure strains in general produce a distortion accompanied 
by rotation, is to apply a pure strain to annihilate the 
distortion, which can of course always be done. 


2 94. In general when a figure is continu- 
ously strained, which is usually the case in 
physical applications, at least until cracks 
occur, the strain is not homogeneous. But, on account 
of the continuity of the strain, portions indefinitely 
near one another are strained indefinitely nearly alike. 
Hence we may treat such a case by the ordinary pro- 
cess for homogeneous strains, so long as we confine our 
attention to small regions of the figure strained. When 
there is discontinuity in the motion of a fluid, it is the 
common practice to treat the motion as continuous by 
the fiction of an infinitely thin vortex-sheet separating 
the two discontinuously moving portions. This is, in 
all likelihood, physically true in ordinary fluids; but, so 
far as the imaginary frictionless fluid of the mathema- 
ticians is concerned, it is a mere analytical artifice to 
enable us to carry out the investigation. See Arom 
and HypbROMECHANICS, in which the mathematical 
theory of ‘‘ vortex motion”’ is very fully considered. 


Heteroge- 
neous 
strain. 


Displace- Suppose space to be uniformly occupied by 
ments of points which are displaced in a continuous 
erin of manner. Let é, n, ¢ be the rectangular com- 
points. 


ponents of the displacement of a point orig- 
inally situated at x, y, z. The continuity of the displace- 
ment requires merely that the differential coefficients, of 
all orders, of &, n, ¢, with respect to x, y, z (and any combi- 
nation of them) shall be finite. That being assumed, the 
displacement, parallel to x, of the point whose initial co- 
ordinates were x+ 6x, y + dy, 2+6z (where 64x, dy, dz are 
indefinitely small quantities of the first order) is neces- 
sarily expressed by 
dé dé dé 
é+ doo ae dy by + eee 


Hence the relative co-ordinate of the second point with re- 
gard to the first is changed from 4z to 


dé dé dé 


8a spencers dy Y ae: 
Constants And similarly for the other relative co-ordi- 
oF Bie eR nates. Hence the strain in the immediate 
Pe vicinity of the point 2, y, z is given by 
dg de de 
tT de dy dz’ 
dy dy dy 
dg ats dy FED 
dg dé dé 
dx dy Pe dz 


If the differential coefficients are all small quantities, 
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whose squares and products two and two may be neglected, 
i. e., if the strain is slight, we have for the ratio in which 
the volume is increased 


Ps 
14g ea eae 
Hence the condition of no change of volume Condition 
is that vol- 
ume is un- 
dg dy a _ 0 altered, 
da dy de > 


To examine this case more closely, let us suppose that it 
consists of a pure strain as in ¢ 93 (B), superposed on a ro- 
tation wz, wy, wz, about the axes of a, y, and z as in } 77. 
Let these be so small as not to interfere with one another, 
That compound strain would be 


ei? +e2l3 +313 ehmi+erlyme+eslama—oz eilym+ ... +wy 
eyml + ermal: 

1 i sd . is } erm? +exm? +e3m? eymyn +... —wgz 
ev + eanols 

1 Capi ee emm-+ ...e. ++. +2 eim?+emn3+esn2, 


Comparing with the above, we find 
1 
14+ ce = ell? + el} + eal, 
or, if we put « for the “elongation,” so that e=1+e, 
d 
a = eq]? + eal? + e312, 


ag 
dz 


with similar expressions for i and 
These give 
ag 
dx 


dn. a 
+a faateate. 
Again we have 


Sai dane 2(erlym1 + eslyme + eslgms), 


= 2(elmi + ealame + eslsms), 
with other two of the same kind. 


Also we have three equations of the form Determina- 

] 1 tion of the 

ees dg _ dy rotations. 

dy dz 
Sw, He _ 
dade | 

ide 

Lanai Pe dy J 


These expressions show, simply, that when Condition 

there is no elementary rotation the quantity 88 rota- 
Eda + ndy + ¢dz= do ; 

is the complete differential of a function of three independ- 

ent variables. If we combine the condition that there 

shall be no change of volume with those that there shall be 

no rotation, we can eliminate é, », ¢; and we arrive at 

Laplace’s equation 
da? da sat 


This shows at once how a graphical representation of 
stationary distributions of temperature, electric potential, 
etc., may be given by means of a strain. 

If dS be an element of a surface at the point 2, y, 2, and 
1, m, n the direction cosines of its normal, the rotation about 
the normal is obviously 


log + Moy + Nos. 


The integral of double of this over a finite portion of sur- 
face is 


ag _ dy’ dé de dy _ ag 
Ss i(% aa)t™ (3: as) + (ae “) 


or 
ae cl igcal ls Dy SG 
Of (= a) ayae+ (4 a dean + (2 ~ 5 aay } 


This, as seems to have been first pointed out by Stokes, 

can be expressed as a simple integral in the form 
S (éda+ndy+édz) 

extended round the boundary of the surface. Hence the — 
double integral has the same value for all finite surfaces 
having the same boundary; and, as a consequence, it van- 
sees when taken over a closed simply-connected surface. 

ence we see at once that it vanishes for multiply-con- 
nected surfaces also. The proof of the equality of the 
single and double integral has only to be established for a 


=0. 
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mere surface element. For, when that is done, the common 
boundary of each pair of elements gives equal portions, 
with opposite signs, in the single integral. 

Directly connected with the displacements 


oe of Of @ group of points, we have the question, 
continuity. What is the mathematical expression of the fact 


that the number of points is not altered? There 
are many ways of answering this; but the following, which 
is immediately deducible from our recent investigation, 
seems sufficiently simple. If /, m,n be the direction cosines 
-of the normal toan element dS of a singly-connected closed 
surface, the number of points which pass through the ele- 
ment in the time 6¢ in consequence of the displacement &6t, 
not, 66t at the point x, y, z is 
(1é + mn + ng)pdSst, 
where p is the number of points per unit volume at 2, y, 2. 
But at every point inside the closed surface the density is 
altered from p to p+ p8t. It will be noticed that €, n, ¢ now 
stand for the x, y, components of velocity. 

Henee, if the excess of the number of points passing into 
the surface over those escaping be equated to the increase 
of the number of points included in the closed space, which 
is calculated from the change of density inside, we have 


diffe + mn + ng)pdS = at///pdxdydz. 


Tf we take for S an elementary rectangular parallelepiped, 
with edges dx, dy, 6z, this becomes at once 


d’pf) , d(on) , A(e8)\, 
—( aa Tay te aa bxdyszd5t = pdxdySz6t 
dp, Up) , Upn) , A(ps) 
i ait dx % dy rt dz a 


If the arrangement is incompressible this becomes, as 
above, ae 
dy 
dat dy 
In any one of the last four forms the expression is called 
the “ equation of continuity,” another of the preposterously 
ill-chosen terms which have been introduced with only too 
great success into the nomenclature of our subject. 
deasied et 295. In the strains which we have hith- 
ieee of a erto considered all parts of a figure were re- 
jointed sys- garded as capable of changing their form 
ni and volume; and the strain of any element; 
° when not identical with that of a proximate 
element, was supposed to differ only infinitesimally from 
it. But there is another class of changes of form, for 
which this restriction does not hold. The most im- 
portant case, and the only one we can here consider, is 
that of ‘‘link-work.’’ Here each finite piece is treated 
as incapable of change of form, and the change of form of 
the whole depends merely upon the relative motions of the 
parts. We will further restrict ourselves by the condition 
that the link-work is such that its form is determinate 
when the relative position of two of its parts is assigned. 
Thus, a jointed parallelogram is completely determined 
in form if the angle between two of its sides is assigned. 
Instead of an angle, we may assign the length of a 
diagonal; then the fact that the sum of the squares of 
the diagonals is equal to that of the squares of the sides 
determines the other diagonal. This gives us the kine- 
matics of; the more complex arrangement 
called ‘‘lazy-tongs.”’ The most important 
applications of this branch of our subject are to what is 
called ‘‘ Mechanism.’’ One important practical prob- 
lem in that branch was suggested by a stationary steam- 
engine, in which it was required to connect, by link- 
work of some kind; a point (of the piston-rod), which 
had a to-and-fro motion ina straight line, with another 
point (of the beam) which had a to-and-fro motion in 
Watt's par- 2 circular arc. Watt’s original solution of 
allelmo- the problem depends ultimately upon the 
tion. near approach to rectilinearity of the mo- 
tion of any point of a rod whose extremities move in 
two circles in the same plane. Thus, if OP, PQ, QO’ 
(fig. 31) be three bars jointed together at P and Q, 
having O and O/ fixed, and the whole constrained to 
move in one plane, it is easy to see that the complete 
path of any point R of PQ is a species of figure of 
oe A portion of that curve on each side of a ipoing 
of inflexion (where the curvature vanishes) was found 
to be sufficiently straight for practical purposes. 
Vou. XV.—727 


Lazy-tongs. 
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But the rigorous solution of this problem 
has only been arrived at in recent. times ; 
and the beautiful device of Peaucellier, 


Peaucellier 
cell, 


Fig. 31. 


which we will briefly explain, has led to a host of re- 
markable investigations and discoveries in a field re- 
garded till lately as perfectly hopeless. A simple mode 
of arriving at Peaucellier’s result is as follows. 

Let PQ, PR (fig. 32) be equal links, and PO a link 
of a different length, all jointed together at P. Sup- 
pose O to be fixed, and Q and R constrained to move 
in a fixed straight line OQR, what is the relation be- 
tween aa and OR? We have, if PS be perpendicu- 
lar to QR, 

OP? = OS? + SP2, 
QP? = QS? + QP?; 


OP? — QP? = OS? — QS? = 0Q. OR. 


Thus the rectangle under OQ and OR is constant; so 
that, if R were to describe a straight line, Q would de- 


P 


whence 


Fig. 32. 


scribe a circle having O on its circumference. In prac- 
tical application, to keep O, Q, R in one line, the parts 
of the link-work are doubled symmetrically about that 
line, so that it takes the form of a jointed rhombus 


PQP’R (fig. 33) with two equal links, PO, OP’ at- 
P 


Pp’ 
Fig, 33. 

tached at the extremities of a diagonal. As a very 
curious result of this arrangement, if OQ have its 
length changed by any very small amount, the corre- 
sponding change of length of OR is directly as OR? or 
inversely as OQ*. Hence, as will be seen later, a con- 
stant force (towards or from QO) acting at Q will be bal- 
anced by a force (from or towards QO) acting at R and 
varying inversely as the square of OR. 


DYNAMICS. 
Definitions and General Considerations. 


296. We commence with a few necessary Definition 
definitions. A ‘‘physical particle” is a of pay ical 
purely abstract conception, embodying to- P®™s!® 
gether the ideas of inertia and of a geometrical point. 
t is, so to speak, a mathematical fiction, embracing 
only those properties which are required for our tem- 


porary purpose. Any mass, however large, can be 
‘ rovided the forces to which it is 


treated as a particle, pr q : 
subject are exerted in lines passing through its ‘‘ centre 
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of inertia’’ or “centre of mass "(this term will pres- 
ently be defined), so as to be incapable of setting the 
mass into rotation, ‘This is, to a first approximation, 
true of planetary motions, but when we look more 
closely into that question, so as for instance to take ac- 
count of the oblate forms of the planets, we have to 
deal with forces which produce rotatory effects, such as 
‘precession’? and ‘ nutation.”’ : 

297. The ‘quantity of matter’? ina 
body, or the ‘tmass,’’ 18 proportional to the 
‘volume?’ and the ‘‘density’’ conjointly. 
The ‘density’? may therefore be defined as the quan- 
tity of matter in unit volume. 

f M be the mass, p the density, and V the volume 
of a homogeneous body, we have at once 
M = Vp, 


provided we so take our units that unit of mags is the 
mass of unit volume of a body of unit density. Hence 
the dimensions of p are |ML~*}. 

As will be presently explained, the most convenient 
wnit mass is an ¢mperial pound, or a gramme, of matter. 

298. The ‘quantity of motion,’ or the 
‘‘momentum,’’ of a moying body is pro- 
portional to its mass and velocity conjointly. 
As already stated this is, like velocity, a directed quan- 
tity, or ‘‘yector.” Its dimensions are, of course, 
(MLT-"]. 
Change of 


momen: 
tum, 


Mass and 
density. 


Momen- 
tum. 


299. “Change of quantity of motion,”’ 
or ‘‘change of momentum,’’ is proportional 
to the mass moving and the change of its 
velocity conjointly. 

Change of velocity is to be understood in the general 
sense of 232. Thus, with the notation of that section, 
if a velocity represented by OA be changed to another 
represented by OB, the change of velocity is repre- 
sented in magnitude and direction by AB. 

2100. ‘S Rate of change of momentum,”’ 
or ‘‘acceleration of momentum,” is propor- 
tional to the mass moving and the accelera- 
tion of’ its velocity conjointly. Thus (2 36) 
the acceleration of momentum of a particle moving in a 
curve is Ms along the tangent, and Mv?/p in the radius 
of absolute curvature. The dimensions of this quantity 


are ([MLT-?], 


Rate of 
change of 
momen- 
tum, 


b dhee 2101. The ‘‘vis viva,” or ‘‘kinetie en- 
KINetIC 


enersy. ergy,’ of a moving body is a petal 
: to the mass and the square of the oy 
conjointly. If we adopt the same units of mass and ve- 


locity as above, there is particular advantage in defining 
kinetic energy as half the product of the mass into the 
square of its speed. Its dimensions are |ML?T~*]. 
Rate of 2102. ‘Rate of change of kinetic en- 
change ergy,’ thus defined, is the product of the 
Baie speed into the component of acceleration of 
momentum in the direction of motion. 
d 


Hor 
d (Mv? 
dt\ 2 


The dimensions are [ML?I'-"], 
2.103. The ‘‘space-rate of change of 


) = Mvi = v(M8). 


5 ate rate 5 ys 

ofchange kinetic energy”? is 

of it, 
d (Mv? M dv dw 
: : aN pees fee - ==: Ms: 
ds\ 2 vas dt : 


and its dimensions are [MLT'~?], the same as those of 
““force’? (¢ 104), 

4104. “ Force,” as we have already seen, 
is any cause which alters a body’s natural 
state of rest, or of uniform motion in a straight line. 

The three elements specifying a force, or the three 

clear notion of 


Force, 


elements which must be known before a 
the force under consideration can be formed, are—its 
lace of application, its direction, and its magnitude. 
‘he place it application may be a surface, as when one 
body presses on another; or it may be throughout the 
whole mass of a body, as in the case of the earth’s at- 
traction for it. 
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The ‘measure of a force’ is the rate at which it 
produces momentum, or the momentum which it pro- 
duces in unit of time, which is the same as what we 
have already called ‘rate of change of momentum.”’ 
According to this method of measurement the standard 
or unit force ts that force which, acting on the unit of 
matter coring the anit of time, generates the unit of ve- 
locity. The dimensions of force are therefore |MLT-?], 

2105. Hence the British absolute unit 
force is the force which, acting on one 
pound of matter for one second, generates 
a velocity of one foot per second, 

+ |According to the system followed till 
lately in treatises on dynamics, the unit of 
mass is g times the mass of the standard 
weight, g being the numerical yalue of the acceleration 
produced (in some particular locality) by the earth’s 
attraction. This definition, giving a varying unit of 
mass, is exceedingly inconvenient. In reality, stand- 
ards of weight are masses, not forces, They are em- 
ployed primarily for the purpose of measuring out a def- 
nite quantity of matter, not an amount of matter which 
shall be attracted by the earth with a given force. | 

2106. To render our standard intelligible, all that 
has to be done is to find how many absolute units will 
produce, in any particular locality, the same effect as 
does gravity. The way to do this is to measure the 
effect of gravity in producing acceleration on a body 
unresisted in any way. The most accurate method is 
indirect, by means of the pendulum. The result of 

vondulum experiments a at Leith Fort by Captain 
esas is that the velocity acquired by a body falling 
unresisted for one second is at that place 82°207 feet 
per second, The variation in gravity for one degree 
of difference of latitude about the latitude of Leith is 
only ‘0000832 its own amount. The average value for 
the whole of Great Britain differs but little from 82°2 ; 
that is, the attraction of gravity on a pound of matter 
in the country is 82°2 times the force which, acting on 
a pound for a second, would generate a velocity of one 
foot. per second, Thus, speaking very roughly, the 
British absolute unit of force is equal to the weight of 
about half an ounce. The quantity of 82°2 feet per 
second per second is usually called g. Its dimensions 
are obviously [LT-*]. And, if M ie the mass of a 
body, its weight is Mg. In the Centi- 

metre- Gramme-Second system of units, the vith 
absolute unit of foree produces in one sec- ( 
ond ina mass of one gramme a velocity of one centi- 
metre per second. 

2107. Forces (since they involve only Repre- 
direction and magnitude) may be repre- sentation 
sented, as velocities are, by vectors, that of force. 
is, by straight lines drawn in their directions, and of 
lengths proportional to their magnitudes respectively. 

Also the laws of composition and resolution of any 
number of forces acting at the same point are, as we 
shall presently show (2 117), the same as those which 
we have already proved to hold for velocities; so that, 
with the substitution of force for velocity, 230 is still true. 

2108, The ‘component ” of a force in Gompo- 
any direction is therefore found by multi- nents of 
plying the magnitude of the force by the free. 
cosine of the angle between the directions of the force 
and the component. The remaining component in 
this case is perpendicular to the other. 

Tt is very generally convenient to resolve forces into 
components parallel to three lines at right angles to 
each other, each such resolution being effected by mul- 
tiplying by the cosine of the angle concerned, 

The magnitude of the resultant of two or of three 
forces in directions at right angles to each other is the 
square root of the sum of their squares. 

2109. The ‘‘centre of inertia or mass” 
of any system of material particles whatever 
(whether rigidly connected with one an- 
other, or conneeted in any way, or quite detached) 
is a point whose distance from any plane is equal to the 


Absolute 
unit foree. 


British 
system, 


Centre of 
mass, 
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sum of the products of each mass into its distance from 
the same plane, divided by the sum of the masses. 
The distance from the plane yz of the centre of in- 
ertia of masses 7, my», etc., whose distances from the 
plane are 2, a, etc., is therefore 
: —__ =(ma) | 
~ 3(m)? 
and similarly for the other co-ortlinates. 
Hence its distance from the plane 
S=Ar+ py +vz—-a=0 
Z{m(rw + my + ve—a)} — 3(md) 


is D=AB+p47 +v2-a= 


we: 


=(m) ~ 3(m)? 
as stated above. And its velocity perpendicular to that 
plane is 
(m | 
ap it at Ww 4 ri)}=- dt 


a sm 3 { m( dt dt dt =m 
from which, by multiplying by =m, and noting that 6 is 
the distance of a, y, z from é=0, we see that the sum of 
the momenta of the parts of the system in any direction 
is equal to the momentum in that direction of the whole 
mass collected at the centre of mass. 


ioe of finding the centre of inertia of any 
given distribution of matter is a question of mere 
mathematics. We must confine ourselves to a few ex- 
amples only. And, first, we may note that when a 
body is symmetrical about a plane the centre of inertia 
must obviously lie in that plane. ‘hus, as an ellipsoid 
and a rectangular parallelepiped have each three planes 
of symmetry, their centres of inertia lie at their centres 
of figure, where these planes meet. Again, it is ob- 
vious that, if a body can be divided into parts the cen- 
tres of inertia of which lie on a straight line, the centre 
of inertia of the whole is in that line. Thus, as a 
triangular plate may be divided into strips parallel to 
one side, every one of which has its centre of inertia 
at its middle point, the centre of inertia of such a plate 
is the point of intersection of the bisectors of the sides. 
Its distance from any one side, treated as base, is there- 
fore one-third of the height. Again, if a triangular 
pyramid (or tetrahedron) be divided into triangular 
slices by planes parallel to one face treated as base, the 
centres of inertia of all the slices lie in a straight line. 
Hence the distance of the centre of inertia from the 
base is one-fourth of the height. If the base be of 
any other form, it may be divided into triangles, and 
thus the whole pyramid (or cone) into tetrahedra, for 
each of which the same property holds. Hence the 
centre of inertia of a asia A divides the line joining 
the vertex to the centre of’ inertia of the base in the 
ratio 3:1. All this ison the supposition that the solids 
treated of are of uniform density. When we deal 
either with more complex forms or with heterogeneous 
bodies, we must in general have recourse to integration. 


For a continuous body we must take an element of mass, 
say pdadydz, at the point x, y, 2 instead of the mass m in our 
original formula, Thesums then become integrals, and we 
have three expressions of the form 


z= W{pududyde 
SV /odudyde 


Here p represents the density at x, y, 2; and the integra- 
tion extends through the whole voluine of the body. 

Thus, for a homogeneous hemisphere of radius a we have, 
taking the base as the plane of yz, 


a 
272) ed 
A Sf me wv? ada 30 


Fatt dma? pe 
The same value would be obtained for any semiellipsoid, 
whatever be the diametral section, provided a be the height 
measured perpendicular to the base; and, in general, from 
the position of the centre of inertia of any body we 
may ab once find that of the same body homogencously 
_ strained. 

Recurring to the hemisphere, suppose its density to be at 
every point, proportional to the distance from the centre: 
Then we haye, omitting common constant factors of nu- 
merator and denominator, 
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A uniform hemispherical shell gives 

E=ha 
by the well-known result due to Archimedes. From this, 
by taking concentric hemispherical elements, we may re- 
produce the preceding result for a solid hemisvhere in the 


form 
a 
2Qrardu. ax. ha 
- a } 20 


i= — = 


a eb 
Qrarzdx.x 
0 


Here the first factor under each integral sign is the volume 
of the hemispherical element of radius #, and the second is 
proportional to its density, 

If the density of a thin uniform spherical shell be every- 
where proportional to the inverse cube of the distance from 
an internal point, that point is the centre of inertia. For, 
if a double cone of small angle be drawn, having that point 
as vertex, the volumes of the portions of the shell which it 
cuts out are as the squares of their distances from the ver- 
tex. Hence their masses are inversely as their distances 
from the vertex, which is thus their centre of inertia. The 
whole shell may be divided into pairs of elements for each 
of which this is true. 

The reader may easily prove that, if the density of a solid 
sphere be inversely as the fifth power of the distance from 
an external point, the “electric image” of that point is the 
centre of inertia, 

It may be proved in the last two examples that this point 
is not merely the centre of inertia of such distributions of 
matter, but that it is also a true “centre of gravity” in the 
sense that the whole attracts, and is attracted by, any 
other body whatever, as if its whole mass were concen- 
trated in this point. 


4110. By introducing in the definition of yyoment of 
moment of velocity (746) the mass of the momen- 
moving particle as a factor, we have an im- ‘€™.- 
portant element of dynamical science, the ‘moment 
of momentum.’’ The laws of composition and resolu- 
tion are the same as those already explained. Its 
dimensions are {ML?T'!]. 

Z 111. A force is said to ‘do work”’ if it 
moves the body to which it is applied; and 
the work done is measured by the resistance overcome, 
and the space through which it is overcome, conjointly. 
The dimensions of work are therefore |MLUT~?.L] or 
[ML?T-*|, the same as those of kinetic energy. 

Thus, in lifting coals from a pit, the amount of work 
done is proportional to the weight of the coals lifted ; 
that is, to the force overcome in raising them; and also 
to the height through which they are raised. The unit 
for the measurement of work, adopted in practice by 
British engineers, is that required to overcome the 
weight of a pound through the height of a foot, and is 
called a *‘ foot-pound.”’ 

In purely scientific measurements, the unit of work 
is not the foot-pound, but the absolute unit force (Z 105) 
acting through unit of length. 

If the weight be raised obliquely, as, for instance, 
along a smooth inclined plane, the distance through 
which the force has to be overcome is increased in the 
ratio of the length to the height of the plane; but the 
force to be overcome is not the whole weight, but only 
the resolved part of the weight parallel to the plane; 
and this is less than the weight in the ratio of the 
height of the plane to its length. By multiplying these 
two expressions together, we find, as we might expect, 
that the amount of work required is unchanged by the 
substitution of the oblique for the vertical path. 


Work. 


Generally, if s be an are of the path of a particle, 8 the 
tangential component of the applicd forces, the work done 
on the particle between any two points of its path is 


SJSas, 


taken between limits corresponding to the initial and final 
positions, ; 
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Referred to rectangular co-ordinates, it is easy to see, by | length of the part already wound on the wheel, The ten- 


the law of resolution of forces, ? 117, that this becomes 


dx dy dz 
mt y me) 


Rae Te est WA 
where X is the component force parallel to the axis of a. 


Is ds 


2112. Thus it appears that, for any force, the work 
done during an indefinitely small displacement of the 
point of application is the product of the resolved part 
of the force in the direction of the displacement into 
the displacement. * 

From this it follows that, if the motion of a body be 
always perpendicular to the direction in which a force 
acts on it, the force does no work. ‘Thus the mutual 
normal pressure between a fixed and a moving body, 
the tension of the cord to which a pendulum bob is 
attached, the attraction of the sun on a planet if the 
planet describe a circle with the sun in the centre, are 
all cases in which no work is done by the force. 

In fact, the geometrical condition that the resultant of 
X, Y, Z shall be perpendicular to ds is 

dx 


le 
x ds ne Lis i 


and this makes the above expression for the work vanish. 


2113. Work done on a body by a force 
is always shown by a corresponding increase 
of kmetic energy, if no other forces act on 
the body which can do work or have work done against 
them. If work be done against any forces, the in- 
crease of kinetic energy is less than in the former case 
by the amount of work so done. In virtue of this, 
however, the body possesses an equivalent in the form 
of ‘‘ potential energy,’’ if its physical condi- 
tions are such that these forces will act 
equally, and in the same directions, when 
the motion of the system is reversed. Thus there may 
be no change of kinetic energy produced, and the work 
done may be wholly stored up as potential energy. 

Thus a weight requires work to raise it to a haohe! 
a spring requires work to bend it, air requires work to 
compress it, etc., but a raised weight, a bent spring, 
compressed air, ete., are stores of energy which can be 
made use of at pleasure. 

As an illustration of the calculation of 
work take the following question. 

Suppose one end of an elastic string to be 
attached to a mass resting on the ground, what amount 
of work must be done, in raising the other end verti- 
cally, before the mass is lifted ? 

f « be at any instant the length of the string, 7 its 
original length, its tension is 


d 
v4 


ds 0, 
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x—l 
E ip 
Hence the value of «, when the mass is just lifted, is 
t= u(1 As ¥), 


where W is the weight of the mass, 
The whole work done is the sum of all the element- 
ary instalments of the form 
x—l 
l 


These must be summed up from «=/ to x=a1, so that 
the result required is 


iE 


dr. 


W2 
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It is to be observed that this quantity becomes less in 
proportion as H is greater, 7. ¢., the less extensible is 
the string. 


An interesting variation of the question consists in sup- 
posing the upper end of the string to be attached to the rim 
of a wheel, rough enough to prevent slipping. Here the 
various portions of the string are wound on in a more and 
more stretched state as the operation proceeds. 

At any stage of the operation let « be the unstretched 


sion of the free part is then 


pals) | 
l—a@ 


During the next elementary step of the process a portion 
dx is wound on, But its stretched length is 


El F 
or from! —2=ltol—#= 5 + Ww) and the result is 


EB 
l (w + Blogs w) 


which, when E is very great compared with W, gives the 
previous result. 


Further Comments on the First Two Laws of Motion. 
2114. We are now prepared to consider, 


: Physical 
more closely than we could at starting, the menue: 
bearing of the various clauses of each of aed of 


Newton’s Laws. ‘Thus, from the first law 
we may draw the following immediate consequences. 

The times during which any particular body, not com- 
pelled by force to alter the speed of its motion, passes 
through equal distances are equal. And, again, every 
other body in the universe, not compelled by force to 
alter the speed of its motion, moves over equal distances 
in successive intervals, during which the particular 
chosen body moves over equal distances. The earth 
in its rotation about its axis, presents us with a case of 
motion in which the condition of not bein& compelled 
by force to alter its speed is more nearly fulfilled than 
in any other which we can easily or accurately observe. 
Hence the numerical measurement of time practically 
rests on defining ‘‘equal intervals of time’’ as times 
during which the earth turns through equal angles. 

2115. It has been objected to this statement that we 
begin by defining uniform motion by the description of 
equal spaces in equal times, and then employ this def- 
inition as amode of measuring equal times. The ob- 
jection, however, is not valid ; for, if we agree to meas- 
ure equal intervals by the undisturbed motion of any 
one physical mass, we find that in the successive inter- 
vals so determined all other absolutely free physical _ 
masses describe successive equal spaces. 

2116. Again, from the second law we see 
that, if we multiply the change of velocity. 
geometrically determined, by the mass o 
the body, we have the change of motion (2 99) referred 
to in the law as the measure of the force which pro- 
duces it. In the statement of the second law there is 
nothing said about the actual motion of the body before 
it was acted on by the force ; the same force will produce 
precisely the same change of motion in a body whether 
the body be at rest or in motion with any velocity what- 
ever. Again, nothing is said as to the body being under 
the action of one force only; so that we may logically 
put part of the second law in the following (apparently) 
amplified form :— 

Vhen any forces whatever act on a body, then, whether 
the body be originally at rest or moving with any velocity 
and in any direction, each force produces in the body the 
exact change of motion which it would have produced if 
it had acted singly on the body ori at rest, 


ong 
by compo- 


Measure 
of force. 


2117. Since now forces are measure 
the changes of motion they produce, and _ sition of 
their directions assigned by the directions °° 
in which these changes are produced, and since the 
changes of motion of one and the same body are in the 
directions of and proportional to the changes of velocity 
a single force, measured by the resultant change of 
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velocity; and in its direction, will be the equivalent of 
any number of simultaneously acting forces. Hence 
The resultant of any number of forces (applied at one 
point) ts to be found by the same geometrical process as 
the resultant of any number of simultaneous velocities. 
From this follows at once (2 30) the construction of 
the “‘ parallelogram of forces’’ for finding the resultant 
of two forces acting at the same point, and the ‘‘ poly- 
on of forces’? for the resultant of any number of 
orces acting ata point. And, so far as a single par- 
ticle is concerned, we have at once the whole subject 
of Statics. 


Measure of 4 118. The second law gives us the means 
bray of measuring force, and also of measuring 


the mass of a body. 

For, if we consider the actions of various forces 
upon the same body for equal times, we evidently have 
bm of velocity produced which are proportional 
to the forces. The changes of velocity, then, give us 
in this case the means of comparing the magnitudes of 
different forces. ‘Thus the speeds acquired in one 
second by the same mass (falling freely) at different 
parts of the earth's surface give us the relative amounts 
of the earth’s attraction at these places. 

Again, if equal forces be exerted on different bodies, 
the changes of velocity produced in equal times must 
be dnversely as the masses of the various bodies. ‘This 
is approximately the case, for instance, with trains of 
various lengths drawn by the same locomotive. 

G Again, if we find a case in which differ- 
ravity. rh ; : 
ent bodies, each acted on by a force, acquire 
in the same time the same changes of velocity, the 
forces must be proportional to the masses of the 
bodies. This, A ti the resistance of the air is re- 
moved, is the case of falling bodies; and from it we 
conclude that the weight of a body in any given local- 
aty, or the force with which the earth attracts it, is pro- 
artional to its mass. This is no mere truism, but an 
important part of the grand Law of Gravitation, 
Gravity is not, like magnetism for instance, a force 
depending on the quality as well as on the quantity of 
matter in a particle. 
4119. It appears, lastly, from this law 


en that every theorem of kinematics connected 
kinematics with acceleration has its counterpart in 
og kinet- kinetics, ‘Thus, for instance (% 36), we see 


that the force under which a particle de- 
scribes any curve may be resolved into two components, 
one in the tangent to the curve, the other towards the 
centre of curyature,—their magnitudes being the rate 
of change of momentum in the direction of motion, 
and the produet of the momentum into the angular 
velocity about the centre of curvature, respectively. 
In the case of uniform motion, the first of these van- 
ishes, or the whole force is perpendicular to the direc- 
tion of motion. When there is no force perpendicular 
to the direction of motion, there is no curvature, or the 
path is a straight line. 

Hence, if we resolve the forces acting on a particle of 
mass m, whose co-ordinates are «, y, z, into three rectangu- 
lar components X, Y, Z, we have the equations originally 
given by Maclaurin, viz., 


dn 


dz 
aga, 


dt? 

In several of the examples which follow, these equations 
will be somewhat simplified by assuming unity as the mass 
of the moving particle. When this cannot be done, it is 
sometimes convenient to assume X, Y, Z as the component 
forces on writ mass, and the previous equations become 

da 
‘ di2 = mX, etc., 
from which m may of course be omitted. 

{Some confusion is often introduced by the division of 
forces into “accelerating” and “ moving” forces; and it is 
even stated occasionally that the former are of one, and the 
latter of four, linear dimensions, The fact is, however, that 
an equation such as 4s 

x 


dt? 


2. 
m ay =Y, m Z. 


™m 


ms 
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| may be interpreted either as dynamical or as merely kine- 
matical. If kinematical, the meanings of the terms are 
obvious; if dynamical, the unit of mass must be under- 
stood as a factor on the left-hand side, and in that case X 
is the x-component, per unit of mass, of the whole force 
exerted on the moving body.] 

If there be no acceleration, we have of course equilib- 
rium among the forces. Hence the equations of motion of 
a particle are changed into those of equilibrium by putting 


diz 
Pape 0, ete. 
2120. We have now all that is neces- ‘ 
for the dynamies of a sinel martial Statical 
sary for the dynamics of a single particle, friction. 


with exception of the experimental laws o 
friction. hese, very nearly as they were established by 
Coulomb, we will now give. 

To produce sliding of one flat-faced solid on another 
requires a tangential force which is directly propor- 
tional to the normal pressure between the surfaces, and 
whose actual magnitude is found from this pressure by 
means of a factor called the ‘‘ coefficient of statical 
friction.”’ This coefficient depends upon the nature 
of the solids, the roughness or smoothness of the 
surfaces in contact, and the amount of tallow, oil, ete., 
with which they have been smeared. It also depends 
upon the time during which they have been left in con- 
tact. It is only in extreme cases dependent on the 
area of the surfaces in contact. 

2121. When the forces applied are insufficient to 
produce sliding, the whole amount of friction is not 
culled into play; it is called out to an amount just 
sufficient to balance the other forces. ‘Thus there are 
two quite distinct problems connected with the staties 
of friction:—the first to determine the amount of 
friction called into play under given circumstances; 
the second to find the limiting circumstances under 
which, with friction, equilibrium is possible. When 
motion is produced, there is still friction 
(now called ‘‘kinetic’’). It follows the 
same laws as does statical friction, only 
that the coefficient, which is approximately independ- 
ent of the velocity, is usually considerably less than the 
statical coefficient. 


Kinetic 
friction. 


Statics of a Particle. 

2122. By 2117, forces acting at the same Equilib- 
point, or on the same material particle, are tium of a 
to be compounded by the same laws as Pétticle. 
velocities. Therefore the sum of their resolved parts in 
any direction must vanish if there is equilibrium ; whence 
the necessary and sufficient conditions are found by re- 
solving in three directions at right angles to one another. 

They follow also directly from Newton’s statement 
with regard to work, if we suppose the particle to have 
any velocity, constant in direction and magnitude (and 
by 26 this is the only general supposition we can make, 
since absolute rest has for us no meaning). Tor the 
work done in any time is the product of the displace- 
ment during that time into the algebraic sum of the 
effective components of the applied forces, and there 
is no change of kinetic energy. Hence this sum must 
vanish for every direction. Practically, as any displace- 
ment may be resolved into three, in any three direc- 
tions not coplanar, the vanishing of the work for any 
one such set of three suffices for the criterion. But, in 
general, it is convenient to assume them in directions 
at right angles to each other. 

Hence, for the equilibrium of a material particle, it 
is necessary, and sufficient, that the (algebraic) sums of 
the applied forces, resolved in any one set of three 
rectangular directions, should vanish. 

This statement gives at once the result that, if X,, Y,, 


Zy, Xo, Yo, Ze, ete., be the components (parallel to the 
three axes) of the forces P;, Po, etc., acting on the particle, 


we must have 
x(X)=0, 3(Y)=0, 3(Z) =0. 
When these conditions are not satisfied, there isa result- 
ant force P, with direction cosines A, u, v, such that 


Pa=3(X), Pu=3(Y), Py=3(Z). 
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(traction. ) eas ras ; 
ee examples of the composition of forces acting 


ona single particle is furnished by the theory of “ at- 
traction,’ where each particle of the attracting mass 
exerts upon the attracted particle a force in the diree- 
tion of the line joining them, and of magnitude de- 
pending on their masses and their mutual distance only. 
Sce Poren rat. 

2124. When there are but three forces 


Examples , A . : : 

of particle acting on the particle, their directions to 
pi een vive equilibrium must obviously be in one 
rium, . 


plane. or, if the third were not in the 
plane of the other two, it would haye an uncompen- 
sated component perpendicular to that plane, [lence 
this case is always at once reducible to the triangle or 
the parallelogram of forces; and the magnitudes of 
each of the three forces are respectively proportional to 
the sines of the angles between the directions of the 
other two. 

Thus, when a pellet is supported by two strings, as in 
fig. 84, we may proceed as follows to determine their 
tensions. Let P be the pellet, of 
weight W, and let AP, BP be 
the strings attached to points A 
and B respectively. Let their 
tensions be Tand TY. ‘The re- 
mark above shows that the 
strings must hang in a vertical 
plane, since the force W acts in 
a vertical line. Since A, B, and 
the length of the strings are 
given, the figure is perfectly def. 
inite. Draw Py vertically up- 
wards, and make its length rep- 
resent, on any assumed scale, 
the value of W. Draw yf paral- 
lel to AP, and let it meet BP in 6. Then By represents 
T, and P23 represents ‘IY, in direction and also in magni- 
tude, on the same seale in which yP represents W. This 
case leads to nothing but the determination of the ten- 
sions, since the form of the figure is definite. 

Next, let one of the tensions be given in magnitude, 
To effeet this, we may suppose the end of PB not to be 
fastened at B, but to pass over a smooth pulley and 
support a weight Q. Let fig. 85 
represent the state of equilib- B 
rium, and let the same construc- 
tion as before be made. ‘Then we 
must have yP: PB::W:Q; 
or, Writing it in terms of angles, A 

sin APB: sin APy:: W:Q. 


A and B and the direction of »P 
being given, this datum suflices 
for the drawing of the figure; 
te, for the calculation of the 
angles. A. little consideration ' 
will show that, however small Q Fig. 35. 
be, provided the string support- 
ing it be long enough, there is 
always one definite position of 
equilibrium. ‘The actual caleu- 
lations in such a case as this are 
troublesome. It was chosen 
mainly on that account, so as to 
show, in a simple ease, how pure 
geometrical processes may occa- 
sionally save the necessity of a 
tedious trigonometrical investi- 
gation. Buta still simpler meth- 
od will be afterwards explained 
viz., that for a position of stable equilibrium, the po- 
tential energy must be a minmuwn. Now, to apply 
this to our example, we see that any downward aie. 
placement of Q produces an upward motion of P, But 
when AP is nearly vertical the vertical displacement of 
P is indefinitely smaller than that of Q, so that Q must 
godown. On the other hand if APB be nearly a straight 


Fig. 34, 


Fig. 36. 


2123. By far the niost extensive series of 
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line, a displacement of P produces an indefinitely small- 
or displacement of Q, pot P must go down, And 
these results are in character independent of the rela- 
tive magnitudes of P and Q, provided both be finite, 
inally, let both tensions be constant.  THere we 

must imagine pulleys both at A and at B (fig. 86), with 
weights R mat, () attached to the ends of the strings. 
But now we see that we must haye the limiting condi- 
tion 

R+Q>W. 
This is merely the geometrical condition that 

Pp + By >Py. 
Here the magnitudes of all three sides of PAy are given. 
[lence its angles are given, and the sole position of 
equilibrium is at once found! 

2125, Now take the case of a particle rest- particle on 
ing on a surface. As we are concerned only fixed sur. 
with the portion of the surface immediately ce 
contiguous to the position of the particle, we may sub- 
stitute for it its tangent plane at that point (except, of 
course, ab Singular points, where there may be an in- 
finite number of tangent planes; but such cases we do 
not consider). Tlence the problem reduces itself in all 
cases to that of a particle resting on an inclined plane. 

[f the plane be smooth, the particle cannot remain 
in equilibrium unless some force is present to prevent 
its sliding down. Let us suppose it to be supported by 
a force, I, acting upwards 4 the plane (fig. 87). 
hen we have three forces 
at work :—the weight P 
acting vertically down- 
wards; the supporting 
pressure of the plane R, 
which necessarily acts per- 
pendicnla to the sur- 

ace; and the third force, 
just mentioned, which we 
see by previous consider- 
ations must be in the plane of the td two, and must 
therefore lie along the line of greatest slope of the 
plane. We might construct a triangle of forees as in 
the previous examples, but we will now vary the pro- 
cess, and resolve the forces in two directions at right 
angles to one another in their common (vertical) plane. 

Let « be the angle of inclination of the plane to the 
horizon, then the algebraic sum of the components of 
the forces must vanish both horizontally and vertically. 
This gives us the two conditions 

Focosa—Rsina=0, F sine +Rcoee«—P=0, 
From these we obtain at once 
Fe Psine, R= Pcose. 

Now the choice of mutually perpendicular directions 
in which to resolve was at our option, and we see that 
had we chosen to resolve along and perpendicular to the 
plane we should have obtained the last two equations, 
which are equivalent to, but simpler than, the former 
ones, which were obtained by resolving horizontally 
and vertically. ‘Theoretically speaking, it does not 
matter which system we choose ; in practice, however, 
it is well to select the directions which will give the re- 
quired results in the simplest form. The full value of 
a proper selection will not be felt. till we come to the 
statics of a rigid solid. 

Af we suppose the plane to be rough, Friction. 
friction alone may suffice to develop the req- 
uisite force I’, But the utmost value of the friction is 
(2120) wl. ence the particle will be on the point of 
sliding if 


Fig. 37. 


wRoe he Psine, 


Divide the members of this equation by those of. 
R=P cosa, 
and we find 
wen tanec, 


1 We have assumed here, what is properly part of the results 
of the third law of motion, that the tension of a weightless string, 
passing over a smooth pulley, is in the direction of its 1 ’ 
and of the same amount at all points, 
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Hence, so long as the coefficient of friction is greater 
than the tangent of the inclination of the 

Raed of plane to the horizon, the friction will suffice 
} to prevent sliding. More and more is called 
into play as the inclination of the plane increases, and 
finally when 

tana=p 
the particle is just about to slide down. This simple 
idea, taken along with Coulomb’s results (Z 120), points 
to a very easy method of determining the coefficient of 
friction between any two substances. he limiting angle 
defined by 

o= tan-ly 
is called, on account of this property, the ‘‘angle of 
repose.”” 
2126. Let us now suppose the particle to 


Support ¢ ‘ A 
by elastic be, in part, supported by an elastie string 
string. fixed at a point in the plane, and lying in 


the line of greatest slope. an modification is intro- 
duced to show the nature of cases in which there are 
limits between which equilibrium is possible.) We 
assume ‘‘ Hooke’s Law,” viz., that the tension of an 
elastic string, drawn out from its natural length / to 
length /’, is expressed by 
plat 

where Ef is a definite constant, representing theoret- 
ically the tension which would just double the length 
of the string. 

Our equations are exactly the same as before, only 
that I consists now of two parts,—one due to friction, 
the other to the elasticity of the string. Thus 

f 
F=f, + tt Psine, R= P cosa. 


Now, when sliding is about to commence downwards 


we have 
: F,=u“R. 
If the particle is about to be dragged upwards, 
F,=—.R. 


Hence for the two extreme positions of equilibrium 
eo 
+ uP cosa + pl ++ = Pain be 


Hence the limiting positions of equilibrium of the par- 
ticle are given by its distance from the fixed end of the 
string— 

V=(+ Te(sin a +4 cos rye 


If /’ be less than the smaller of these, gravity pulls the 
particle down ; if it be greater than the larger of them, 
the tension of the string pulls the particle up. In inter- 
mediate positions the fia available friction is not called 


into play. : 
Equilib- 2127. Next, let a small ring P (fig. 38) 
rium with be attached to one end of a string. Let 
oat the string pass round two smooth pulleys 
— B, C, at different points, then be passed 
tending through the ring, then round two more pul- 
= ig leys D, Ki, and through the ring again, and 
; so on,—the other end being either fastened 
Aus 
C A 
b WA 
\ 
BE la 
i ee 
D 
Fig. 38. 


to the ring or attached to a fixed point. It is required 
to find the position of equilibrium of the ring when the 
string is drawn tight, by operating on the lap of it be- 
hind two of the pulleys. 

This is equivalent, from the physical point of view, 


to finding the position of equilibrium of a particle 
acted on by a number of equal forces each directed 
towards a given point. I*rom the geometrical point 
of view its solution obviously answers the question, 
“Wind the point the sum of whose distances from a 
number of given points is the least possible,” The 
oints need not lie all in one plane. The solution is, 
from the polygon of forces, that in the equilibrium 
position the laps of the string, from the ring outwards, 
are parallel to the respec- 
A tive sides of a closed equi- 
¢ Jateral polygon, taken all in 
Pp the same direction, That 
A the solution is unique will 
4 be seen at once by consid- 
< ering a displacement of the 
ring, for the resultant of 
‘4 the forces obviously tends 
to diminish the displace- 
ment. When there are 
but three forces, their directions must be inclined at 
angles of 120° to one another (fig. 39). Thus we have 
immediately the solution of the celebrated geometrical 
problem, “Kind the point the sum of whose distances 
from three given points is the least possible.” 

4128. If, in the first problem of 4124 yqoterms- 
above, the particle were supported by three natencss of 
strings, instead of two, each attached to a Se!utlon. 
fixed point, we should first have to assure ourselves 
that all three are brought into play. lor, if not, the 
problem is reduced to the former case. The obvious 
condition is that, when the three strings are simulta- 
neously tight, and the points of suspension are not in 
one vertical plane, the particle supported shall be situ- 
ated within the triangular prism formed by vertical planes 
yassing through each pair of points. If this condition 
a satisfied, the process for determining the tensions of 
the strings is merely to construct a parallelepiped, three 
of whose edges lie along the strings, while the conter- 
minous diagonal is vertical. This leads to an obvious 
geometrical construction; and, when it is carried out, 
the lengths of the various edges are to the diagonal as 
the corresponding tensions to the weight of the particle. 
When the three points are in one vertical plane, nothing 
short of infinitely perfeet fitting will, in general, bring 
all three strings simultaneously tight; and in this case, 
the problem, mathematically considered, is indetermi- 
nate.' When the strings are sufficiently extensible, all 
will be brought into play; and, with sufficient data, the 
problem is determinate. 


Fig, 39. 


Kinetics of a Particle with One Degree of Freedom. 

4129. Here the motion is rectilinear, or at least takes 
place in some assigned curve. 

The simplest case is that of a falling stone, when the 
effect of the resistance of the air is set aside and the 
acceleration due to gravity is reckoned the same at all 
elevations. This has already been treated with sufficient 
detail as a matter of pure kinematics, 74 28, 29. 

4130, When the particle, instead of fall- gyaing on 
ing freely, is constrained by asmooth inclined inclined 
plane on which it slides, we see that (so long Pluie. 
as it moves on the line of greatest slope) its weight Mg 
has components, Mysin# tangential to the plane and 
Mycos# perpendicular to it, #@ being the inclination of 
the plane to the horizon. The latter component pro- 
duces the normal pressure on the plane, mtd is the only 
contributor to it, since there is no curvature. ‘The for- 
mer produces the acceleration of the motion, ‘Thus 
the acceleration is now gsin@ only; but, with this 
change, the results of 429 still hold. 

4131. If the plane be rough, with coeffi- 
cient of statical friction », it can furnish 
(4120) a force of friction tending to prevent 
motion, of any amount wp to 

yMy cos @. 


there is no indeterminateness, even 
e strings. , 


Plane 
rough, 


1 Of course, physicall 
with perfectly rextonaibl 


712 


If this be less than My sin, motion will commence, 
and the force accelerating it will be 

Mg sin «—n’Mg cosa, 
where x’ is the coefficient of kinetic friction (7121). 
Thus the same results as in 2 29 still hold, but with g 
(sin « — x’ cos «) instead of g. As we have seen that 
uw <p, accelerated motion can take place down an in- 
clined plane in certain cases where the mass, if once at 
rest, would not start. 
Body full- 2132. As a slightly more complex case 
ing toearth Jet us now take again the problem of free 


Sea ais motion in a vertical line, but allow for the 
tance. diminution of gravity as the distance from 


the earth increases. 
The weight of a particle of mass m at the earth’s surface 
is mg. Ata distance x from the centre, it is, therefore, 
R2 
mg =a 


where R is the radius of the earth, supposed spherical. This 
acts downwards, or in the direction opposite to that in 
which x increases. Hence, equating it, with its propersign, 
to the rate of acceleration of momentum, we have for the 
equation of motion 
R2 
mi =— mg 7° 
Here the right-hand member is a function of # only. 
Multiply by «dt, and integrate, and we have, leaving out 
the extraneous factor m(the possibility of doing this show- 
ing that the motion is the same for all masses), 
: Rg 
4027+ C= =f. 
& 
If V be the speed at the earth’s surface (where «= R), 
4V2+C=Rg. 
Also if the particle turns, to come down again, at the 
height h above the surface, 


Hence 


R R 
72 is Sa ed ee 
ite ryt Tai) heh 

This shows the amount of error in the approximate form- 
ula (¢ 28) for projectiles— 

3V2=gh. 

If the particle be supposed to have been orig- 
inally at rest, at a practically infinite distance 
from the earth (a case which may occur with a meteorite 
for instance), we have = 0 when x=, and our formula 
becomes 


Meteorite. 


442 = 


The speed with which the mass reaches the surface 
(where a= R) is therefore //2gR, 4. e., that which it would 
acquire by falling, under constant acceleration g, through a 
height equal to the earth’s radius. 

In this special case, the second integral is 

aa! = V 2gRi+ C'. 

The second integral, in its general form, is a little com- 

plex; but we may avoid it by means of a geometrical con- 


struction, founded on the results of the investigation of 
planetary motion soon to be given. 


2133. Let us next take a case in which 


Hailstone ; 
or rain- the acceleration depends upon the speed of 
rop. 


the moving body. A sufficiently simple one 
is furnished by a fallmg raindrop, or hailstone, when 
the resistance of the air is taken into account. For 
the moderate speeds with which such bodies move, the 
resistance varies, at least approximately, as the square 
of the speed. ‘To avoid needless complexity, we ne- 
glect here the variation of gravity due to changes of 
vertical height, 

Suppose the particle to have been projected vertically up- 
wards from the origin with the speed V, and let v be its 
speed at any time ¢, and # its distance from the origin at 
that time. 

If we assume k to be the speed with which the particle 
must move so that the retardation due to the resistance 
rmaay be equal to g, the retardation when the speed is v will 


be represented by ter 5 
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Let the axis of « be drawn vertically upwards; then the 
resistance acts with gravity, and the equation of motion up- 
wards is 


dw 
di 7 ya +0), 
or 
dw 
° dy ~~ ae? +?) 


Integrating, and determining the constants so that, when 
«=0,t=0, and v=V, we obtain 
Lena i 9 nee 
alta tan k — tan k = tan k? Ve 
Qga k? + V2 
Oy man ig oe 
Let T be the time at which the speed becomes zero, and 
h the corresponding value of 2, then 
k Vv k? Ve 
Ps aS ee a ee AES 
Tang tan jp and h 24 toe (1 + ew) 
After this the particle begins to return; the resistance 
therefore acts against gravity, and the equation of motion is 
dv g 


ht ee 
or, 
1 
A =— oe (k2 — 2) 


Integrating, and determining the constants so that, when 
v=0,2=h, and t=T, we obtain 


29 k? 
ahh — 2) =log (i 8 
(It must be remembered that v is now negative.) 
Let U be the speed with which the particle returns to 
the point of projection; then, putting «=0 in the latter 
equation, we obtain 


U2 _2gh 
a Lee 
or, substituting for h its value, if 
U0? fei) oN TIE 
k2 1+ V2/k? 
whence 
i 1 1 
Uie iven ee, 
It is to be observed that k is the “terminal donation, 
Say ENG sche gk oe ; 
velocity,” as it is called, 7 e., the speed to velocity. 


which that of a falling body continually tends, 
whether its original speed have been greater or less than 
this limit. 

It is to be observed also that (strictly) we should write 
g (1—«) for g, where « is the specific gravity of air, to 
take account of the apparent loss of weight of a raindrop 
on account of immersion in air. 

When k is very large, i. ¢., the absolute amount of re- . 
sistance very small, as in the case of air. the general 
integrals in the second case above become, by expanding 
the logarithms, : 

29 20 QW ies laa 
nt T)= ads Syeetk 


29 wy? o* 
Br D= at oa) ae 
of which the terms independent of k are 
v=—g(t—T), 


v? =29(h— x). 

These, if we remember that t— T is the time of fall, and 
h—«x the space fallen through, are at once recognized as 
the ordinary formule of 728. The modification due to 
the resistance is shown approximately by the second 
terms on the right-hand side of the developments above. 

The necessity for this double investigation, one part for 
the ascent, the other for the descent, is due to the non- 
conservative, or “dissipative,’”’ character of the force of 
resistance. 


2134. As an illustration of constraint by a 
smooth curve, let us take the case of a simple 
pendulum. Let O (fig. 40) be the point of 
suspension, P the position of the bob at any time #. 
Then if PG represent the weight of the bob, and be re- 
solved into PH, HG respectively along, and perpen- 
dicular to, the tangent at D. we see that PH produces 
the acceleration of the mation, while the tension of 


Simple 
pendulum. 
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the cord balances HG and also fur- 
nishes the acceleration perpendicular 
to the direction of motion which is 
required to produce the curvature of 
the path. TH is (ceteris paribus) 
proportional to the sine of PGH, that 
is of POA. Hence the acceleration is 
el to the sine of the angular A 

isplacement. When that angle is H 
small it may be used in place of its 
sine. Hence, for small vibrations, the 
acceleration is proportional to the dis- 
placement, and the motion is ‘‘ simple harmoniec.’’ The 
time of vibration, being (2 51) 27 displacement / ac- 
celeration, is here 

ae 1 
eine 2r \ Bi approximately. 

The rigorous solution of the pendulum problem requires 
the use of elliptic functions. 

2135. Some very curious properties of pendulum 
motion are easily proved by geometrical processes, The 
whole theory of the motion in a vertical plane of a parti- 
cle attached by a weightless rod 
to a fixed point, whether it os- 
cillate as a pendulum or perform 
continuous rotations, may be 
deduced from the two following 
propositions, which are easily 
established by geometrical pro- 
cesses in which oer cenbeniie 
indefinitely small motions are 
compared. 

(1) To compare different cases 
of continuous rotation. Let DA 
(fig. 41) be taken equal to the 
tangent from D to the circle 
BPO’, whose centre C is verti- 
cally under D. Let PAQ be Fi 
any line through A, cutting in ag. eh: 

the semicircle on AC. Also make DH=DA. 
hen, if P move under gravity with speed due to the 
level of D, Q moves with speed due to the level of H, 
the acceleration due to gravity being 
reduced in the ratio AC? : 2BC* 

(2) To compare continuous rota- 
tion with oscillation. Let two cir- 
cles touch one another at their low- 
est points O (fig. 42); compare the 
arcual motions of points P and p, 
which are always in the same hori- 
zontal line. Draw the horizontal 
tangent AB. Then, if P move, with 
speed due to g and level a, contin- 
uously in its circle, p oscillates with speed due to level 
AB and acceleration 


G 
Fig. 40. 


aO? 

TAO? 
Motion in 2.136. Two particles are projected from 
A the same point, in the same direction, and 


with the same speed, but at different in- 
stants, in a smooth circular 
tube of small bore whose 
plane is vertical, to show 
that the line joining them 
constantly touches another 
circle. 

Let the tube be called the 
circle A, and the horizontal 
line, to the level of which 
the oat is due, L. Let 
M, M’ (fig. 43) be simul- 
taneous positions of the 

articles. Suppose that 

M’ passes into its next 
position by turning about O, 
these two lines will intercept two indefinitely small arcs 
at M and M’ which (by a property of the circle) are in 


Fig. 43. 


| the ratio MO: OM’. Let another circle B be described 


touching MM’ in O, and such that L is the radical 
axis of A and B. Let MP, M’P’ be drawn perpen- 
dicular to L. Let M’Mcut Lin C. Then, by the prop- 
erty of the radical axis, CO?=CM.CM’; from which 
we have, by geometry, 

CM : CM’ =OM? : OM’2 
or OM? : OM’/2=PM: P’M’. 
But (speed at M)? : (speed at M’)? = PM : P/M’. 
Hence the speeds of M and M’ are as MO: OM’, and 
therefore, by what we have stated above about ele- 
mentary arcs at M and M’, the proximate position of 
coh is also a tangent to B, which proves the proposi- 
ion. 

It is easily seen from this that, if one Goome- 
polygon of a given number of sides can be trical 
inscribed in one circle and circumscribed theorem. 
about another, an infinite number can be drawn. For 
this we have only to suppose a number of particles 
moving in A with speeds due to a fall from LL, and 
then if they form at any time the angular points of a 
polygon whose sides touch B, they will continue to do 
so throughout the motion. Fig. 44 shows two forms 
of a quadrilateral possessing this property. 


Fig. 44. 
2137. To find the time of fall from rest 


down any are of an inverted cycloid. 

Let O (fig. 45) be the point from which the 
particle commences its motion. Draw OA? parallel to 
CA, and on BA? describe a semicircle. Let P, P’, P’” 
be corresponding points of the curve, the generating 
circle, hie the circle just drawn, and let us compare the 
speeds of the particle at Pand the point P’””. Let P’’T 
be the tangent at P’””. 

Speed of P’’ 
Speed of P 


Fig. 45. 


Cycloidal 
motion. 


element at P’’ 
element at P 


PT PT |B AB {AB 
="BP ~ BP? VAB 2a'P” \ AB’ 
9 
But speed of P =)/(2g. A’M) = yA PM 
Hence speed of P’’= Vain - A’B, a constant. 


And, as the length of A’P’’B is $7. A’B, 

time from A’ to B in circle =time from O to B in cycloid 
B AB 
nae 

The time of fall to the vertex from all 
re of the curve is therefore the same. 

ence the cycloid is called a ‘‘ tautochrone.”’ 

2138. As an instance of cases in which 
the acceleration depends upon the speed and 
the position jointly, take the motion of a 
simple pendulum in a medium whose resistance varies 
as the velocity directly. This is the law, at least ap- 
proximately, for very small speeds, whether the pendu- 
lum oscillate in a gas or in a liquid,—and even when 
the resistance is due to magneto-electric induction, as 
when the pendulum is a magnetic needle vibrating in 
presence of a conducting plate or a closed coil. A 
synthetical solution of this problem has already been 
given under Kinematics in 2 68. 

Analytically: if 1 be the length of the string, @ its de- 
flection from the vertical at time t, m the mass of the bob, 
we have evidently 

mlé = — mg sin @—xé, 

The ratio «/ml may be increased (theoretically) without 

limit by increasing the surface which the bob exposes, 


Tauto- 
chrone, 


Resisted 
motion of 
pendulum. 
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without changing its mass. But it cannot be indefinitely 
diminished. We will write 2k for it. If we assume the 
angle of oscillation to be small, we may write the equation 
in the form 2 : 
6+ 2k6+n?0=0, 

where n? = g/l, and k is essentially positive, being greater 
as the resistance (whether on account of the viscosity of 
the medium or the large surface of the bob in proportion 
to its mass) is greater, A particular integral of this 
equation is evidently 


o=e"; 

provided é 
p* + 2kp +n? =0, 
or p= —kt Vj2 — n2- 


Hence there are two quite distinct cases of motion, dis- 
tinguished by different forms of solution, depending on the 
relative magnitudes of k and n. These are separated from 
one another by the unique case in which k =n. 

(a) Let k>n, and let k? —n? =n/2 <k?, 

Then both values of p are real and negative. 


o= Ae?) + BEe?2 


Thus 


= é€—™ (Ag + Be), 

If A and B have the same sign, @ diminishes, without 
changing sign, as tinereases. But if A and B have differ- 
ent signs, the factor in brackets may vanish for one defi- 
nite value of f,and then change sign. After that the 
whole reaches a maximum and then diminishes without 
further change of sign. Examples of these cases are fur- 
nished—(1) when the pendulum is displaced from the 
vertical and allowed to fall back; it then approximates 
asymptotically to its position of equilibrium; and (2) 
when it is drawn aside and flung back; in this case it 
may pass once through the position of equilibrium and 
then asymptotically return to it. 


(b) Letn >k and let n? —k? =n’? <n?, 
Here both values of p are imaginary, and we haye 


= cs MAE +ntV¥ —1 ay Be-"'Y -}) 


= Pe- cos (n't + Q). 

This may be looked upon as a “simple harmonic motion ” 
(2 52), of which the amplitude diminishes in a geometric 
ratio with the time, the decrement depending on the re- 
sistance alone, while the period is permanently lengthened 
in the ratio n:n’. This ratio depends both upon the origi- 
nal period and the resistance, so that for the same medium 
and same bob it is different for strings of different lengths. 
This investigation gives an approximation to the gradual 
dying away (by internal friction or by imperfect elasticity, 
etc.) of all vibratory movements. The rate of diminution 
of amplitude, say of torsional vibrations of a wire, is thus 
a valuable indication and measure of a somewhat recondite 
physical quantity, which, without this method, would (at 
present at least) be hard to measure. 

(c) When n=k, i. e., in the transition case, the equation 
becomes =f ; 

6+ 2nd +n26=0; 
whose integral is known to be 
6=E-™(A + Bt) =6-™ (A + Bt) 

This, also, ultimately diminishes indefinitely as ¢ in- 
creases ; but, as in case (a) it may either do so continuous- 
ly or after having once passed through the value zero and 


reached a maximum, according to the relative magnitude 
and the signs of A and B. 


2139. When the path is given, the determination of 
the motion under the given forces is, as we have seen, 
a mere question of integration of the equation for accel- 
eration along the tangent. But more is required if we 
wish to find the normal pressure on the constraining 
curve. This is at once supplied by compounding the 
resolved part of the applied forces in the direction 
perpendicular to the tangent, with the additional force 
mV?Ip acting from the centre of curvature. But, strictly 
speaking, all such questions require the application of 


Law IIL 


Kinetics of a Particle with Two Degrees of Freedom. 
2 140. The simplest. case is that of a pro- 
jectile, when gravity is supposed to be uni- 
form and to act in parallel lines throughout 
the whole path, and the resistance of the air is neglect- 


Projectile 
unresisted. 
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ed. This has been sufficiently discussed in 22 40-42. 
It is merely the combination of a) the uniformly accel- 
erated motion of a stone let fall, with (2) a uniform 
velocity in a definite direction. Looked at from this 
point of view, it gives an interesting example of the 
graphic method applied in 2 53 to indicate the nature 
of simple harmonic motion. 

2141. We can extend these projectile re- py iptic 
sults so as to take account of the alteration motion of 
of direction and of intensity of gravity at Projectile. 
different points of the path, by remembering that, as 
shown in @ 49, the path of an unresisted projectile is an 
ellipse, one of whose foci is at the centre of the earth. 
The following, among many other analogous proposi- 
tions, are easily proved. 

(1) The locus of the second foci of the paths of all 
projectiles leaving a given point with a given speed, in 
a vertical plane, is a circle. 

(2) The direction of projection, for the greatest 
range on a given line passing through the point of 
projection, bisects the angle between the vertical and 
the line. 

(3) Any other point on the line which can be reached 
at all can be reached by two different paths, and the 
directions of projection for these are equally inclined 
to the direction which gives the maximum range. 

(4) If a projectile meet the line at right angles, the 
point which it strikes is the vertex of the other path by 
which it may be reached. 

(5) The envelop of all possible paths in a vertical 
plane is an ellipse, one of whose foci is the centre of 
the earth, and the other the point of projection. 

To prove these propositions, let EH (fig. 46) be the 
earth’s centre, P the point of projection, A the point 
which the projectile would 
reach if fired verticall 
upwards. With centre H, 
and radius HA, describe 
a circle in the common 
plane of projection. This, 
the circle of zero velocity, 
corresponds to the com- 
mon directrix of the para- 
bolic paths in the ordinary 
theory. If F be the sec- 
ond focus of any path, we 
must have HP + PF con- 
stant, because the axis 
major depends on the 
speed, not the direction 
of projection. Hence (1 
the locus of Fis the circle 
AFO, centre P. Again, 
since, if I be the focus of 
the path which meets PR 
in Q, we must have FQ 


Fig. 46. 
=()§, it is obvious that the greatest range Pq is to be 


found by the condition Og=qs. O is therefore the 
second focus of this trajectory, and therefore (2) the 
direction of projection for the greatest range on PR 
bisects the angle APR. If QF=QI’”=QS, F and WY” 
are the second foci of the two paths by which Q may 
be reached; and, as / FYPO =/ FPO, we see the 
truth of (3). If Q bea point reached by the projec- 
tile when moving in a direction perpendicular to PR, 
we must evidently have / PQF’=/ PQF=/SQR= 
LEQP; ze, EQ passes through EF’. hen this is 
the case, the ellipse whose second focus is F evidently 
meets PR at right angles; and that whose second focus 
is HF’ has (4) its vertex at Q. The locus of q is evi- 
dently the envelop of all the trajectories. Now 

Pq== PO+0q=PA+ Og, 

Hg = Es —sqg= EA — Og. 
Hence 

Pa +Eq=PA+AE, 


or (5) the envelop is an ellipse, whose foci are H and 
P, and which passes through A. 
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2142. One of the most important prob- 
lems in this branch of our subject is that of 
planetary motion, which forms a good typical 
example of the processes to be employed in the Bod 
ment of central orbits. One or two definitions, and a 
general property of central orbits, must be premised. 

2143. Def. An ‘‘apse’’ is a point, in a 
central orbit, at which the path is perpen- 
_ dicular to the radius-vector along which the central 

force acts. , 

The length of the radius-vector is therefore, at such 
a as generally a maximum or a minimum. This 
= ius-vector, drawn to an apse, is called an ‘‘ apsidal 

e. 

A central orbit is symmetrical about every apsidal 
line. The simplest proof of this theorem depends 
upon the general principle of ‘‘ reversibility,’ which 
holds in all conservative systems. In fact if, at any 
instant, the velocity-vector of a particle, moving under 
the action of a conservative system of forces, be re- 
versed, the particle will simply retrace its previous path. 
For if we suppose a smooth tube, in the form of the 
previous path, to be employed to guide it back, the 
speed at every point will be of the same magnitude as 
before. The curvature also of the path will be the 
same; and thus the normal component of the applied 
forces will balance the so-called centrifugal force,—7. e., 
will suffice to produce the requisite curvature,—so that 
there will be no pressure on the tube, and it is not re- 
quired. Hence since, at an apse, the velocity is per- 
pendicular to the radius-vector, the two halves of the 
orbit on opposite sides of the apsidal line are similar 
and equal. Hence, however many apses there may be, 
there can be at most only two coadal distances. For 
the property of symmetry about each apsidal line shows 
that, if there be more apses than one, the first, third, 
fifth, ete., must have their apsidal distances equal, as 
also must the second, fourth, sixth, etc. If there be 
one apse only, it may correspond either to a minimum 
or to a maximum yalue of the radius-vector; but, if 
there be more than one, they must be maxima and 
minima alternately. 

2144. We now proceed to the gravitation case al- 
ready promised. We will take, first, the direct problem 
as in 249, where the force is assigned and the orbit is 
to be found. 


Planetary 
motion. 


Apse. 


A particle is projected from a given point ina 
given direction and with a given speed, and moves 
under the action of a central attraction varying 
inversely as the square of the distance ; to determine the orbit. 

We have P=xw?, and therefore by the last part of 3 47 
d?u oe 
doz t™— ya 


Planetary 
motion, 


where h is double the constant area, or 
d? Mm in 
ae" ia) (u—j5)-0, 
the integral of which is 
u—yz =Acos(6 +B), 
or, as it is usually written, 


u= js {1+ ecos(o—a) } setoued elpactar nn (Ls 


This gives by differentiation 


du : 

Jo = 2 5 (0a) dlr 8 Ks (2). 
Let R be the distance of the point of projection from the 

centre, and 6 the angle, and V the speed, of projection ; 

then, when @=0, 


NE ee 
w= R cotB= 1 9)o=0 

h2 
Hence, by (1) a 1=ecosa, 

h? A 
and by (2) | eR cots = —esin o 

h? cot 

From these tan a= Rois hb rpnnt- to (3), 
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h* 2h? 
and o? = Tapa cosec*B—— pe + 1 Soh iri a) s 
But h? = V?R? sin? g, 
_ V?Rsin§ cosp 
wherefore tan = | — VR sin2a oa EBLE F 
V?R*sin?26/2 V2 
— io dens piste , 
and 1—e 5 (x ) Seeerm (As 


Now (1) is the general polar equation of a conie section, 
focus the pole; and, as its nature depends on the value of 
the eccentricity e given by (4’), we see that 


if V? >2u/R, e>1, and the orbit is an hyperbola; 
if V? = 2u/R, e=1, and the orbit is a parabola; 
if V? < 2u/R, e<1, and the orbit is an ellipse. 


But the square of the speed from rest at infinity to dis- 
tance R, for the law of attraction we are considering, is 
2u/R, and the above conditions may therefore be expressed 
more concisely by saying that the orbit will be an hyper- 
bola, a parabola, or an ellipse, according as the speed of 
projection is greater than, equal to, or less than, the speed 
from infinity. Illustrations of this proposition are found 
in the cases of comets and of meteor swarms. 

The speed of a particle moving in a circle is also often 
taken as the standard of comparison for estimating the 
velocities of bodies in their orbits. For the gravitation 
law of attraction the square of the speed in a circle of 
radius R is »/R; and the above conditions may be expressed 
in another form by saying that the orbit will be an hyper- 
bola, a parabola, or an ellipse, according as the speed of 
projection is greater than, equal to, or less than 7/2 times 
the speed in a circle at the same distance. 

Supposing the orbit to be an ellipse, we shall obtain its 
major axis and latus rectum most easily by a different pro- 
cess of integrating the differential equation. Multiplying 


it by 12 


de and integrating, we obtain 


1.45 f fdu\? 1 
eh? { (3) +? \ = gan C+ pu. 


But when u= = v= V; which gives 


1 a 
SF Lady ye ee 
Cc 3 ¥; R? 
of f (du\2 1 1 v9 
ee ara CPE a a pel MeN 
hence yh 1 (cr) +u \ gV=_gV?—R_teu (5). 
Now to determine the apsidal distances, we must put 
Uh nay. 
ane 
and this gives us the condition 
Bib, dicey ole v2 
u? 7a Rep. 2 9: oY) ee (6), 


which is a quadratic equation whose roots are the recip- 
rocals of the two apsidal distances. But if a be the semi- 
axis major, and e the eccentricity, these distances are 


a(1—e) and a(1+e). 
Hence, as the coefficient of the second term of (6) is the 
sum of the roots with their signs changed, we have 


ee ERE eM 
a(l—e)' a(l+e) h?? 
h2 
1 Oe ae melt a: MAAS 
And the third term is the product of the roots, so that 


or 


1 oe pa V2) 
a2(1—e?) h?R h?? 
Bt by CTs 4-5-= Mee Soca, 
Thus sven te, 
and therefore sunt ie pee Kee 


Equations (7) and (8) give the latus rectum and major 
axis of the orbit, and show that the major axis is independ- 
ent of the direction of projection, 

Equation (9) gives a useful expression for the speed at 
any point, and shows that the radius of the circle of zero 
speed is 2a, 

The time of describing any given angle is to be obtained 
from the formula, 


a 
2 pe =h=/ ‘na(1—e?) i, by equation (7). 
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From this, combined with the ‘polar equation of the 
ellipse about the focus, we have 


dt r? _ (a8. —e?)9 1 
de Taco be erro. 


measuring the angle from the nearer apse. 

Integrating, we find the time of describing about the 
focus an angle @ measured from the nearer apse, in the 
ellipse or hyperbola, expressed as 2/h of the sectorial area 
ASP (figure to ? 147), which might have been written down 
from the condition of uniform moment of momentum. 

In the parabola, if d be the apsidal distance, the integral 
becomes 


[since e=1, a(1—e) =d, a(1—2?) =2d], 


(2d 6 1 6 
Abe ane 
t af (tany + tan >): 


From the result for the ellipse we see that the periodic 
time is 


QV a3 |. 

In the notation commonly employed for the further 

development of this most important question we write 

T=2n/n, 

where n, which is called the “mean motion,” is Vu/a?, 
Keplers , @ 145. By laborious calculation from an 
laws (kine- immense series of observations of the plan- 
matical). —_ ets, and of Mars in particular, Kepler was 
led to enunciate the following as the kinematical laws 
of the planetary motions about the sun. 

I. The planets describe, relatively to the sun, ellipses 
of which the sun occupies a focus. 

Il. The radius-vector of each planet traces out equal 
areas in equal times. 

III. The squares of the periodic times of any two 
planets are as the cubes of the major axes of their 
orbits. 
onset 2146. We proceed to the /nverse problem 
guencesof of @8 (b), the determination of the force 
Cea from the observed motions. 

i From the second of the above laws we 
conclude that the planets are retained in their orbits by 
an attraction tending to the sun. Jf the radius-vector 
of a particle moving in a plane describe equal areas in 
equal times about a point in that plane, the resultant 
attraction on the particle tends to that point. For the 
datum is equivalent to the statement that there is no 
change of moment of momentum about the sun, or 
that the accelerations all pass through the sun viewed 
as a point. 

From the first law it follows that the law of the in- 
tensity of the attraction is that of the inverse square 
of the distance. 

The polar equation of an ellipse referred to its focus is 


2 
wu =p, €cosé), 


where J is the latus rectum, 
du 2e 
Te oe 7 00s 6, 
and therefore the attraction to the focus requisite for the 
description of the ellipse is (? 47) 


2 2 
P=h?u? (5 rtu)=" u?, 


Hence 


de? 1 

Hence, if the orbit be an ellipse described about a centre of 
attraction at the focus, the law of intensity is that of the inverse 
square of the distance. 

From the third law it follows that the attraction of 
the sun (supposed fixed) which acts on unit of mass of 
each of the planets is the same for each planet at the 
same distance. 

For, in the last formula in ? 144, T? will not vary as a? 
unless « be constant, 7, e., unless the strength of attraction 
of the sun be the same for all the planets. 

We shall find afterwards that for more rea- 


salle sons than one Kepler’s laws are only approx- 
Cohestcabe imate, but their enunciation was sufficient to 


enable Newton to propound the doctrine of 
universal gravitation, viz., that every particle of matter in 
the universe attracts every other with an attraction whose direc- 
tion is that of the line joining them, and whose magnitude is as 
the product of the masses directly and as the square of the dis- 
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tance inversely ; or, according to Maxwell’s formulation, be- 
tween every pair of particles there is a stress of the nature of a 
tension, proportional to the product of the masses of the particles 
divided by the square of their distance. : 

If we take into account that the sun is not absolutely 
fixed, then, neglecting the mutual attractions of the planets, 
Kepler’s third law should be stated thus :— ' 

The cubes of the major axes of the orbits are as the squares 
of the periodic times and the sums of the masses of the sun and 
the planet. 


2 147. We will now indicate, as briefly as 


“= ; ) Calcula- 
possible, the more ordinary transformations tion of 
y which the preceding formule are adapt- Laren aig 


ed (for astronomical applications) to numer- 
ical calculation. 

Suppose APA’ (fig. 47) to be an elliptie orbit described 
about a centre of attraction in the focus $8. Alsosuppose P 
to be the position of the particle at any time t Draw PM 


Fig. 47, 


perpendicular to the major axis ACA’, and produce it to cut 
the auxiliary circle in the point Q. LetC be the common 
centre of the curves, Join CQ. 

When the moying particle is at A, the nearest point of 
the orbit to S, it is said to be in “ perihelion.” 

The angle ASP, or the excess of the particle’s longitude 
over that of the perihelion, is called the “ true anomaly.” 
Let us denote it by 6. 

The angle ACQ is called the “ eccentric anomaly,” and is 
generally denoted by wu. And if 27/n be the time of a com- 
plete revolution, nt is the circular measure of an imaginary 
angle called the ‘mean anomaly ;” it would evidently be 
the true anomaly if the particle’s angular velocity about & 
were constant. 

It is easy from known properties of the ellipse to deduce 
the following relations between the mean and eccentric, 
and also between the true and eccentric, anomalies :— 


nt = u—esin u. 


U 1l—e 6 
tan 5 = l(F52)tan 3 ; 


By far the most important problem is to find the values 
of 6 and r as functions of t, so that the direction and length 
of a planet’s radius-vector may be determined for any given 
time. This generally goes by the name of Kepler’s Prob- 
lem. 

Before indicating the systematic development of u, 7, and 
6 in terms of ¢ from our equations, it may be useful to re- 
mark that, if e be sosmall that higher terms than its square 
may be neglected, we may easily obtain developments cor- 
rect to the first three terms. Thus 

u=nt + esinu, 
=nt + esin(nt + esin nt) nearly, 


=nt + esin nt + $e? sin 2nt. 


Also ~=1—-ecosu, 
=1—ecos(nt+ esin nt), 
=1—ecos nt + te? (1— cos 2nt) 
dé 

And fe wy { ua(1—er) |» 


which may be written 
a2(1—e?)2 de eho mer 
(1t+ecose)? dt (1—e?)?, 


-2d0 
or (1 —e?) $(1 + e cos 4) Sh. 


Keeping powers of e lower than the third, 
) 
(1 —2¢ cos 6 + $e? cos 20) 5 =n, 
nt = @ — 2esin 6+ #e2 sin 26; 

6=nt + 2esin 6— $e? sin 20, 

= nt + 2esin(nt + 2esin nt) — Ze? sin Qnt, 

=nt + 2esin nt + 4e? cos nt sin nt — Ze?sin nt, 

= nt + 2esin nt + $e? sin 2nt. 


or 
whence 
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Kepler’s KEPLER’s PROBLEM.—To find r and 0 as func- 
problem, tions of t from the equations 
r=a(l—ecosu) . . . 2 (1); 
0 fl+e u 
tan-> = {2 #5: eee tek) (2); 
Re iee EU = OBL ey iy ea) Fy Si Pasi (S)S 


These equations evidently give r, 6, and ¢t directly for 
any assigned value of uw, but this is of little value in prac- 
tice. The method of solution which is commonly adopted 


- is that of Lagrange, and the general principle of it is 


this :— 

We can develop 4 from equation (2) in a series ascending 
by powers of a small quantity, a function of e, the coeffi- 
cients of these powers involving wu and the sines of multi- 
ples of wu. Now by Lagrange’s theorem we may from 
equation (3) express u, 1 —ecosu, sin wu, sin 2u, etc., and in 
series ascending by powers of e, whose coefficients are sines 
or cosines of multiples of nt. Hence, by substituting these 
values in equation (1) and in the development of (2), we 
have y and @ expressed in series whose terms rapidly de- 
crease, and whose coefficients are sines or cosines of multi- 
ples of nt. This is the complete practical solution of the 
problem. But we must refer the reader to special treatises 
for the full development of this subject. Compare 2 52. 


Stability of 4148. We may take an opportunity here 
acd of giving a sketch of a particular case of the 


important question of ‘‘ kinetic stability.’’ 
The general treatment of this subject is entirely beyond 
our limits. But we may investigate its conditions, in 
the case of a central orbit naturally circular, by a very 
slight modification of our equations. 

Whatever be the law of central force, provided it depend 
on the distance alone, we can write the acceleration due 


to it as 
nu? f(u) ’ 
where uw is the now reciprocal of the radius-vector, as in 
9144, The kinematics of the motion is then entirely 
summed up in the equations 
ahu 
de? 
If 1/a be the radius of the circle, the first equation becomes 
simply 


) 
+u= at), and £ = hu?. 


a= Fafa). 


Now let a slight disturbance be given to the motion, such 
that his unaltered, but that w becomes a+ a, Then we have 
de? 
Expanding to first powers of « only, and thereby assum- 
ing that x is always exceedingly small, we have 
d2x fe ay 
qez* * 1— Fa f(a) =0, 
the terms independent of # vanishing by the condition for 
a circular orbit. By eliminating the ratio u/h? we have 
dx af’(a)) _ 
oe tot orm exe 
To secure stability, « must not be capable of increasing 


indefinitely. This leads to the result that the multiplier 
of x in the above equation must be positive ; 7. e., 


tate=Foflatz). 


For, if the multiplier were negative, the value of « would 
consist of two real exponential terms, one of which would 
inerease indefinitely with the angle @, and would disappear 
from the value of # under special conditions only. 

If the multiplier were zero, x would be a linear function 
of 6. Hence, in the only case we need consider, we have 


a 
x =A cos (+) 1— (4) + B). 

f(a) 

The radius-vector is therefore a maximum and minimum 
(i. e., apses occur) alternately as the angle @ increases by 


successive increments each equal to 


wT 


4t- af’ (a) 
f(a) * 


Suppose the force to vary as the inverse nth power of the 


distance. 
Here f(a) ¢a”~*, and we have 1 — 


af’ (a) 
f(a) 


Thus n must be less than 3; 4. e., a circular orbit, with the 


=I-(n—2)= 9 —%, 
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centre of force in the centre, is essentially unstable if the 
force vary as the inverse third, or any higher inverse pow- 
er of the distance. 

If n = 2, which is the gravitation case, the apsidal angle 
is evidently 7. 

2149. A very curious result, due to New- Newton's 
ton, may be indicated here, viz., that, if revolving 
any central orbit be made to revolve in its 0"?! 
own plane with angular velocity proportional at each 
instant to that of the radius-vector in the fixed orbit, it 
will still be a central orbit; and the additional force 
required will be inversely as the cube of the radius- 
vector, 

Generally, in a central orbit, 

¢#—r62=P, £26=h. 
But suppose @ to become e@,, where e is a constant, and we 
have 
6=e6,, 


which is Newton’s hypothesis. 
come 


The above equations be- 


7% — 167 = P+ (e? —1)r6} , 7206, =h; 
or, as they may be written, 
* — 16} = P + (e? —1)hd/r?, 126, =hy. 
From these the proposition is obvious. 
Other examples of central orbits will be given when 
we discuss general principles, such as ‘least action’’ 
and ‘‘ varying action.”’ 


Special Problem. The Brachistochrone. 


2150. A celebrated problem in the his- 
tory of dynamics is that of the “curve of 
swiftest descent,’’ as it was called :— 

Two points being given, which are neither in a verti 
cal nor in a horizontal line, to find the curve joining 
them down which a particle sliding under gravity, and 
starting from rest at the higher, will reach the other in 
the least possible time. 

The curye must evidently lie in the vertical plane 
passing through the points. For suppose it not to lie 
in that plane, project it orthogonally on the plane, and 
call corresponding elements of the curve and its pro- 
jection c and o’. Then if a particle slide down the 
projected curve its speed at o” will be the same as the 
speed in the other at o. But o is never less than o’, 
and is generally greater. Hence the time through o7 
is generally less than that through o, and never greater. 
That is, the whole time of falling through the pro- 
jected curve is less than that through the curve itself. 
Or the required curve lies in the vertical plane through 
the points. 

Also it is easy to see that, if the time of descent 
through the entire curve is a minimum, that through 
any portion of the curve is less than if that portion 
were changed into any other curve. 

And it is obvious that, between any two conditions 
contiquous equal values of a continuously for a maxi- 
varying quantity, a maximum or minimum 
must lie. [This principle, though excessively simple 
(witness its application to the barometer or thermom- 
eter), is of very great power, and often enables us to 
solve problems of maxima and minima, such as require, 
in analysis, not merely the processes of the differential 
calculus but those of the calculus of variations. The 
present is a good example. | 

Let, then, PQ, QR and PQ’, Q’R (fig. 48) be two 
pairs of indefinitely small sides of polygons such that 

p the time of descending through 
either pair, starting from P with 
a given speed, may be equal. 
Let QQ’ be horizontal, and in- 
definitely small compared with 
PQ and QR. The _ brachisto- 
chrone must lie between these 
paths, and must possess any 
property which they possess in 
common. Hence if v be the 
speed down PQ (supposed uni- 
orm) and v’ that down QR, 


Brachis- 
tochrone, 


Fig. 48. 
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drawing Qm, Q’n perpendicularto RQ’, PQ, we must 


have 
Qn _ Q'm 
Ss OU 
Now if @ be the inclination of PQ to the horizon, 6” 
that of QR, Qn=QQ’ cos4, Q’m=QQ’cos#’. Hence 
the above equation becomes 
cos @_ cos 6! 
Sige Wins 
This is true for any two consecutive elements of the 
required curve; and therefore throughout the curve 


voccosé. 


But v?« vertical distance fallen through (228). Hence 
the curve required is such that the cosine of the angle 
it makes with the horizontal line through the point of 
departure varies as the square root of the distance from 
that line,—which is easily seen to be a property of the 
eycloid, if we remember that the tangent to that curve 
is parallel to the corresponding chord of its generating 


circle. For in fig. 45, ¢ 137, 
AP’ AM 
cos BP’M = cos BAP’= AB = VAB™ VAM. 


The brachistochrone then, under gravity, is an inverted 
cycloid whose cusp is at the point from which the parti- 
cle descends. 

2151. Whatever be the impressed forces, reasoning 
similar to that in last section would show that the oscu- 
lating plane of the brachistochrone always contains the 
resultant force, and that 


v’ cos 9 = 008 6’, 
where 4 is now the complement of the angle between 
the curve and the resultant of the impressed forces. 


Let that resultant = F, and let the element PQ = 6s, and 
6’=0+ 50. Then 


v2 — v2 = 2s sin 0, 
or vov = Fés sin 6. 
But » < cos; which gives 
bv sin 6 
pals pes ee 86. 
v cos 6 


5s 
Hence v2/ rel Feosé. 


8 
But in the limit 7 =p, the radius of absolute curvature at 


Qi and Feos¢@ is the normal component of the impressed 
force. Hence we obtain the result that, in any brachisto- 
chrone, the pressure on the curve is double of that due to 
the force acting. 

? 152. Now for the unconstrained path from P to R we 
have /vds a minimum (% 202). Hence in the same way as 
before, > being the angle corresponding to, v cos ¢ = v’cos $/ 
from element to element, and therefore throughout the 
curve, if the direction of the force be constant. Now, if 
the velocities in the unconstrained and brachistochrone 
paths be equal at any equipotential surface, they will be 
eqnal at every other. Hence, taking the angles for any 
equipotential surface, 

cos 6 cos 6 = constant . 


As an example, suppose a parabola with its vertex up- 
wards to have for directrix the base of an inverted eycloid ; 
these curves evidently satisfy the above condition, the one 
being the free path, the other the brachistochrone, for 
gravity, and the velocities being in each due to the same 
horizontal line. And it is seen at once that the product of 
the cosines of the angles which they make with any hori- 
zontal straight line which cuts both is a constant whose 
magnitude depends on those of the cycloid and parabola, 


its value being y/l/4a, where 1 is the latus rectum of the 
parabola, and a the diameter of the generating circle of the 
cycloid. 

Kinetics of a Particle Generally. 

2153. Here we must content ourselves 
with a few special cases, which will be va- 
ried as much as possible. 

A unit particle moves on a smooth curve, under the action of 


any system of forces; find the motion. 
All we know directly about the pressure R on the curve 


General 
examples. 
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is that it is perpendicular to the tangent line at any 
point. 

Resolve then the given forces acting upon the particle 
into three,—one, T, along the tangent, which in all cases 
in nature will be a function of a, y, #, and therefore of s; 
another, N, in the line of intersection of the normal and 
osculating planes (or radius of absolute curvature) ; and the 
third, P, perpendicular to the osculating plane. 

Let the resolved parts of R in the directions of N and P 
be R,,Rz. Now the acceleration of a point moving in any 

2 


F : d*s 
manner is compounded of two accelerations, one az 


d 2 
oF. along the tangent to the path, and the other F; towards 


the centre of absolute curvature, the acceleration per- 
pendicular to the osculating plane being zero; and there- 
fore 

d?s 

de (1). 


This equation, together with the two equations of the curve, 
is suflicient to determine the motion completely. 


Also > ~RitN ESE Gad.) 


= TS 


(2), 


R, and N being considered positive when acting towards 
the centre of absolute curvature; this equation determines 


ate 
Now R, is the reaction which prevents P’s withdrawing 

the particle from the osculating plane; and therefore 
(3). 


R,=—P |), eee 


(2) and (3) give the resolved parts of the pressure on the 
curve. 

Also R= //(R? + R3), and its direction makes an angle 
=tan-1 (R,/R,) with the osculating plane. 

If the result of the investigation should show that at 
any time R could vanish, the particle must be treated as 
free until the equations of its free motion show that it is 
again in contact with the curve. ; 

A particle moves, wader given forces, on a given Particle on 
smooth surface; to determine the motion, and the Smooth 

surface. 
pressure on the surface. 

Let F (2, 4,2) =O < gga LE 
be the equation of the surface, R the reaction acting in the 


normal to the surface, which is the only effect of the con- 
straint. Then, if A, «,v be its direction cosines, we know 


that 
(z:) 
dx 


= dF\? (dF\? _ (dF i > le eat) 
{ ax) + dy ta 
with similar expressions for » and y, the differential coeffi- 
cients being partial. 


If X, Y, Z be the applied forces on unit of mass, our 
equations of motion are, evidently, 


&#=X+Ra 
y=Y+Rp ooh oe oO) 
Z2=Z+ Rv 


Multiplying equations (3) respectively by 4, y, 2, and add- 
ing, we obtain 
& + yj +H=vb=Ke+ Vy+Ze . . . . (4) 
R disappears from this equation, for its coefficient is 
AG + wy + v2 
and vanishes, because the line whose direction cosines are 
proportional to 2, etc., being the tangent to the path, is 
perpendicular to the normal to the surface. 
If we suppose X, Y, Z to be a conservative system of 
forces, the integral of (4) will be of the form 
$u2 =¢ (aj) y,2) + C 2 ee nee 
and the velocity at any point will depend only on the 
initial circumstances of projection, and not.on the form of 
the path pursued. 
To find R, resolve along the normal, then 
v2 /p = XA + Yu+ Zv +R, 
which gives the reaction of the surface; p being the radius 
of curvature of the normal section of the surface through 
the tangent to the path, and the mass of the particle being 
taken as unity. 
To find the curve which the particle describes on the surface. 
For this purpose we must eliminate R from equations (3). 
By this process we obtain 
ER Ym leet 
PUR ate 1 aoe 


+ (6), 
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two equations, between which if ¢ be eliminated, the result 
is the differential equation of a second surface intersecting 
the first in the curve described. 

If there be no applied forces, or if the component of the 
applied force in the tangent plane coincide with the di- 
rection of motion of the particle, then the osculating 
plane of the path of the particle, which contains the re- 
sultant of R and the applied force, will be a normal 
plane, and therefore the path will be a geodesic on the 
surface. 

Thus a particle under no forces on a smooth (or rough) 
surface will describe a geodesic. 


2154. An excellent and 
important example is fur- |@ 
nished by the simple pen- 
dulum, when its vibrations are not con- 
fined to one vertical plane. When the 
bob moves in a horizontal plane, the 
arrangement is called a ‘* conical’’ 
pendulum, and it is a very simple mat- 
ter, as follows, to find the motion. 

For the vertical component of the ten- 
sion of the string must support the weight of the bob; 
1. @, 


Conical 
pendulum. 


+ 


eg. 


Fig. 49. 


Tcosa=mg, 


where ~ is the inclination of the string to the vertical. 
Also the horizontal component of the tension must 
apply the force mV?/R (249) requisite for the pro- 
duction of the curvature of the path, @ e., 
2 
Tsina=m ina 
Sin @ 
Eliminating m/T from these equations, we have 
COS & 


pe ge 
Bin? Vs 


But, if + be the time of revolution of the bob, 
Vr=2nlsine. 


COS @ gl 
Hence mga Sp aye 


1 By 4 [loose 
gras 


7. e., the conical pendulum revolves in the period of the 

small vibrations of a simple pendulum whose length is 

ny vertical component of that of the conical pendulum 
2 134). 


To carry the investigation to cases in which the pen- 
dulum describes a tortuous curve, we require (except for 
approximate results) the use of elliptic functions. We 
thus obtain, among others, the following results :-— 

The motion will be comprised between two horizontal 
circles. Let the depths of these circles below the centre 
be b+c and b—c; then the vertical motion of the bob of 
the pendulum will be the same as that of a point ona 
simple pendulum of length /?/¢ performing complete reyo- 
lutions in the same periodic time as the spherical pen- 
dulum. 

But for one of the most important applications the de- 
flexion from the veértical-is always very small, and it is 
easy to obtain a sufficiently accurate working approxima- 
tion without the use of elliptic functions. If we put pand 
q for the semidiameters of the small elliptic orbit which 
will then be described by the pendulum bob, we find for 


the apsidal angle 
& 3pq 
(1 +328 ade me 


Hence, when a pendulum is slightly disturbed in any way, 
the motion is to a first approximation elliptic as in ? 50. 
But the second approximation shows that this ellipse 
rotates in its own plane, and in the same sense as that in 
_ which it is described, with an angular velocity propor- 
tional to its area. Hence the necessity for extreme care, 
in making Foucault’s experiment (presently to be de- 
scribed), lest the path should even slightly deviate from a 
vertical plane. 


or 


#155. Another very important and useful 
example is furnished by Blackburn’s pen- 
dulum, which is simply a pellet supported 
by three threads or fine wires knotted together at one 


Blackburn 
pendulum. . 
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The two other ends of two «f them 
are attached to fixed points A and 
BB, and the third supports the pel- 
/~ jet P. The motion of P is vir- 
tually executed on a smooth sur- 
face, whose principal curvatures 
near the lowest point are 1/CP in 
the plane of the three threads, 
and 1/PE in the plane perpen- 
dicular to them, —H being the in- 
tersection of the vertical through 
C with the line AB. Hence for 
small disturbances of this system, 
P has a simple harmonic motion 
in the plane of the paper whose 
period is 2x V CP/g, and another 
at right angles to it, with period 2+ YPH/g. The 
amplitudes of these motions are arbitrary, and, with 
the difference of phase, depend entirely on the initial 
disturbance. Thus we have a very simple mechanical 
means of producing the combinations treated in 2 63; 
for we have only to make 
BOE Ose sma", 


and give the bob its proper initial motion. 

2156. When CE is very small compared with CP, 
we have a realization of the case of 2 61, in which the 
orbit is (at any instant) an ellipse, but in which the 
ellipse gradually changes its form and position, so as 
to be always inscribed in a definite rectangle. This ex- 
perimental arrangement is exceedingly instructive. To 
avoid as far as may be the effects of resistance of the 
air, the vibrations should be slow, 7. e., the wires should 
be as long as possible. The bob should be a ball of 
lead, containing a tube full of ink which slowly escapes 
from a fine orifice at its lower end, so as to make a 
permanent record of the path on a sheet of paper 
placed below the plane of motion of the bob, but 
parallel and very close to it. Or, the bob may be 
furnished with a spike at its lower end, from which 
induction sparks may be taken so as to pierce a sheet 
of paper laid on a copper plate below it. 

By mere alterations of the point of suspension A, 
the ratio of @, o’ may be varied at pleasure, provided 
that AC and BC are long enough compared with CP. 

2157. Lissajoux produced similar curves yjccaioux’ 

di 3 > Lissajoux’s 
by attaching plane mirrors to the legs of tuning- 
tuning-forks, and allowing a ray of light, forks. 
after successive reflections from two such mirrors, to 
fall on a screen. But it seems to have been first 
pointed out much earlier by Sang, and afterwards de- 
veloped by Wheatstone, that the same result is ob- 
tained by fixing firmly one end of a steel rod, and 
setting the free end in vibration. There are two planes 
of greatest and least flexural rigidity (% 274) in all 
wires, however carefully drawn. These are at right 
angles to one another; and the motion of the free end 
of the wire when slightly disturbed is therefore pre- 
cisely that of the bob of the Blackburn pendulum. 
Another interesting mode of producing the same re- 
sult is by causing’ a ray of sunlight to be reflected in 
succession from four mirrors, all attached, nearly at 
right angles, to parallel axes. One pair is made to 
rotate, the two m opposite directions, with one angular 
velocity. A ray reflected in succession from these is 
(265) made to oscillate according to the simple har- 
monic law, in a plane which can be varied at pleasure 
by altering the relative position of the normals to the 
two mirrors. The other pair of mirrors supplies the 
oe simple harmonic motion, also in any desired 
plane. 

2158. We must next consider the effect 
of the earth’s rotation upon the motion of 
a simple pendulum. Strange to say it was 
left for Foucault to point out, in February, 1851, that 
the plane of vibration of a simple pendulum suspended 
at either pole would appear to turn through four right 
angles in twenty-four hours,—the plane, in fact, re- 


point © (fig. 50). 


Fig. 50. 


Foucault 
pendulum, 
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maining constant in position while objects beneath the } 


pendulum were carried round by the diurnal rotation. 
At the equator, it was pretty obvious that no such 
effect would occur, at least if the original plane of vi- 
bration was east and west. By some process, of which 
he gives no account, Foucault arrived at the result that 
the plane of oscillation must, in any latitude, appear to 
make a complete revolution in 24"xcosec latitude. 
This curious result has been amply verified by experi- 
ment. 

The equations of motion of the pendulum, referred to 
rectangular axes fixed in direction in space and drawn 
from the earth’s centre, the polar axis being that of z, are 
obviously 
_ io 
dt? 1 
with similar expressions in y and 2 (a, b, ¢ being the co-or- 
dinates of the point of suspension, T the tension, 7 the 
length of the string, and X, Y, Z the components of grav- 


ity). 
d? (ax —a) c—a 
Let us now refer the motion to axes turning with the 
t between the planes of xz and éy, A being the co-latitude 


The equations of motion referred to a new set of axes 

parallel to the former, but drawn through the point of sus- 
de =I" i + m(X = 

earth, but drawn from the point of suspension. If the axis 

of é be drawn vertically, and the axes of n, ¢ respectively 

of the point of suspension, we have (assuming that é inter- 

sects 2) 


+mX, 


pension, are 
da 
n r 
; qm)p . . (2) 
etc. =etc. 
southwards and eastwards; and if wt be the angle at time 
cos x =sin A cos at, 
cos yé = sin Asin wf, 
cos z€ = cos A, ete. 


By means of these expressions we can at once find the 
values of x —a, y—6, z—c, in terms of &, 7, ¢, t, as follows: 


x —a=ésinaAcoswt + 7CoSaAcos wt — ¢ sin of, 
y—b=Esin Asin wt + 7 cosaAsin wt + ¢ cos wt, 
2—c=€ECOSA —7sina. 


Let y be the acceleration due to the attraction of gravity 
alone, and v the angle (nearly equal to A) which its direc- 
tion makes with the polar axis. [We have above in effect 
assumed that its direction lies in the plane of z&, as we 
have assumed that the axis of é intersects the polar axis, 
while we know that the centrifugal force lies in their 
common plane.| Let 7 be the distance of the point of sus- 
pension from the earth’s centre, » the angle its direction 
mukes with the polar axis. Then 

a=rsiny» coset, b =rsinusin wf, c=rcosp. 

With these data we transform equations (1) from %, y, z 
to é, 7, ¢. The equations immediately obtained are incon- 
veniently long for our columns, But they are easily sim- 
plified as follows. 

We contemplate small vibrations only; so we may treat 
fas being practically equal to —1, and omit its differen- 
tial coefficients. We also omit powers and products of 7, ¢, 
and all terms in w?, except those in which it is multiplied 
by a large quantity. For it is known that the centrifugal 
force at the equator is about 1/289th of gravity, or that 
approximately 

ro? = 9/289, 


With these considerations, and the condition that to the 
degree of approximation desired we have T= mg, we still 
further simplify our equations. We are led to recognize 
that ycos »=gcosA; and thus we have finally 


if i 

: a NG net ae ts 

dt Gh (2) 
Ge Woon ce oreo gah 6's We a A 
dt? dtl 


These are the equations of the motion of the bob, referred 
to a horizontal plane fixed to the earth. The middle terms 
obviously depend upon the earth’s rotation. 

To interpret equations (2) it is convenient to employ a 
second change of co-ordinates—to refer the motion to axes 
revolving uniformly in the plane of 7, ¢, with angular ve- 
locity 2. If vB, 3 be the co-ordinates referred to the new 
axes, we have by analytical geometry 


7 = 2 cos Ot—3sin OF, ¢ =Dsin Nt +3 cos At, 
the substitution of which in (2) leads to the equations 
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ay gv aa eee ) 
Get =0, qt 1 = 0), nce cee (3), 
provided we take == — COSA 5 0 eee Ce)» 


and omit as before terms of the order ?, 

(4) shows that the new axes rotate, in the opposite direc- 
tion to that of the earth, with the component of the earth’s 
angular velocity about the vertical at the place. And, in 
the plane so revolving, we see by (3) that the bob of the 
pendiilum describes an approximately elliptic orbit, of 
which a straight line is a particular case. 

A circular path being obviously possible, let us assume as 
particular integrals of (2), 

n=ccos(pt+a), $=csin (pt +a). 
The substitution of these values gives the same result 
p? + 2wp cosa— g/l=0 
in each of equations (2). 

Put g/l=n?, then the values of p are, to the degree of 
approximation above employed, +n—wcosa, so that the 
(apparent) angular velocity of a conical pendulum is in- 
creased or diminished by » cosA according as its direction 
of rotation is negative or positive. 

2159. The preceding problem is a par- 
ticular case of the following general one. 
To find the motion of a particle subjected to ) 
the uction of given forces and under varying constraint. 
It would lead us to details incompatible with our limits 
to enter upon a full discussion of so wide a question, 
but we give one or two simple and useful cases to show 
the commoner forms of procedure. 

A particle under any forces, and resting on a smooth horizon- 
tal plane, is attached by an inextensible string to a point which 
moves in a given manner in that plane ; to determine the motion 
of each particle. 

Let «, y, Z, 7 be the co-ordinates, at time ¢, of the particle 
and point, a the length of the string, R the tension of the 
string, and m the mass of the particle. 

For the motion of the particle we have 


Varyin: 
gel 


i? en 
mai = mX —R2_—* 
a . . Oy 1) . (1), 
ote ey 
5 = —R2— 
dt? ls R a 


with the condition (a — %)? + (y—y)? =a?. 
Now &, 7 are given functions of ¢, Take from both sides 
ay 
> m aa » Tespect- 
ively, and we have the equations of relative motion 
d?(a—Z) 2-2 d?% 
diz mX—R Ae yi 


ds 


of the equations (1) the quantities m sp 
€ 


atts (208 
d?(y—J) y—¥ 

me =m Y- ar ary —m 

These are precisely the equations we should have had if 

the point had been fixed, and in addition to the forces X, 

Y, and R acting on the particle, we had applied, reversed 

in direction, the accelerations of the point’s motion with 

the mass as a factor. It is evident that the same theorem 

ai? ? at? 

are known as functions of f, and therefore the equations of 

relative motion are completely determined. 

Let there be no impressed forces, and suppose first that the 

point moves with constant velocity in a straight line. 


will hold in three dimensions. The accelerations 


dy dy 
dt’ at 
introduced in the equations of motion. 

Again, suppose the point’s motion to be rectilinear, but wni- 
formly accelerated. 

The relative motion will evidently be that of a simple 
pendulum from side to side of the point’s line of motion. 
In certain cases, when the angular velocity exceeds a cer- 
tain limit, we shall have the string occasionally untended ; 
and this will give rise to an impact when it is again 
tended. While the string is untended the particle moves, 
of course, in a straight line. 

Suppose the point to move, with constant angular velocity w in 
a circle whose radius is r and centre origin. 

Here, supposing the point to start from the axis of a, 

Z=r coswt, ¥ =r sin of. 

Hence the equations of motion are, since 
az ee Ce 3 
de nS gens eee 


Here are constant, and therefore no terms are 
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Ce (e—s L—%& ai d?cos 6 
Se a mr + 07Z, We have ta 0 Roose, 
2 SS a hee 2k 
: oe 2) __ pl +05, : a —wtasin@=—Rsin 6. 
(a@—%)2 + (y—y)? =a?. Eliminating R, 
7 z a6 
2 — 2 Gs ah Sa Avsic ee i 
Whence poate» hy pres @ajz — a? sin 8 cos 6 sin) 2s GL) 


=o? { (2-9-5 
or, in polar co-ordinates, for the relative motion, 


d de 
pret Sime Bl ee ae en 1 — 
di ( a? ) war sin (6— wt), 
ere aN ee ae 
or de w?—— sin (9 — wt). 


Now $— ot is the inclination of the string to the radius 
passing through the point; call it ¢, and we have 
ag 
dt? 
the equation of motion of a simple pendulum whose length 
ga 
Tw? * 
The particle therefore moves, with reference to the uni- 
formly revolving radius of the circle described by the point, 
just as a simple pendulum with reference to the vertical. 
A particle moves in a smooth straight tube which revolves with 
constant angular velocity round a vertical axis to which it is per- 
pendicular ; to determine the motion. 
Here, referring the particle to polar co-ordinates in the 
plane of motion of the tube, we have @= constant = w, P =0 
(7 47), and thus for the acceleration along the tube 


a 
= aa | 
OD sin ¢ 
, 


is 


*—Tre? = 0; 
r= Agot + Bge-et, 
Suppose the motion to commence at time t = 0 by the cut- 
ting of astring, length a, attaching the particle to the axis, 


The velocity of the particle at that instant along the tube 
is zero. Hence at t=0 


r=a=A+B, 
r=0=A—B; 
so that A = B = 4a, and r= }a(€et + E—o), 
In fig. 51 let OM be the initial position of the tube and 


L 


whence 


Q 


He, 


A M 


Fig. 51. 


A that of the particle, and let OL and Q be the tube and 
particle at time t. Then OA =a, arc AP =awt, OQ =r, and 
we have 
are AP are AP. 
: 0g=10A(e  +e- 8 ) 
/ 


From this we see that OQ and the are AP are corre- 
sponding values of the ordinate and abscissa of a catenary 
whose parameter is OA. Here the vertical pressure on the 
tube is equal to the weight of the particle, while the hori- 
zontal pressure is 


= mo (926) = 2 obit (vent -—&€- ot) 


- From this equation, combined with the value of r, we 
easily deduce for the horizontal pres- 
sure the value 

Qmw?7/ (r? — a?), 
and it is therefore proportional at 
any instant to the tangent drawn 
from Q to the circle APN. 

Let the tube be in the form of a circle 
turning with constant angular velocity 
about a vertical diameter. Let AO (fig. 
52) be the axis, P the position of the 

particle at any time. Let POA=0 
denote the particle’s position, and R 
the pressure on the tube in the direction of OP. 
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Fig. 52. 


The position of equilibrium will therefore be given by 


sin = 0; or by 6=y, where eon yo 


aa” 
Integrating (1), 


(F . 2). 


Suppose the particle to pass through the lowest point 
with velocity aw,, we have 


ie 
dt 


2 
= 0? { (1-cosy)? +=t — (cos 9 — cos y)? \ 


2 
) = C+ 2w? cos y cos 6 — w? cos 20 


2 
) = w ? — 2w? cos y(1 — cos 4) + w? sin 26 


de cm AS 4g : 
and ay can never vanish ies >4cosy, or w{ > a » that is, 


if the velocity at the lowest point be greater than that due 
to the level of the highest point. 


a 4 : : : dd 
If wo i< “i, the particle will oscillate ; and ee, = 0,when 


do\? 2q 
6=«, then Fre Wee “Gq (008 0—-cos «) — w?(vos? @— cos 2a) , 


2 
= w?(cos 0 — cos a) (22; —cos a — cos 0 ); 
dew 


= w?(cos @— cos «)(2 cos y — cos & — Cos 4) ; 
and therefore, if 2 cos y—cosa>1, the particle will oscil- 
late through the lowest point. 
If 1>2cos y—cos « > —1, then, putting 
2 cos y — COS a» = cos B, 


do \ 2 A 
(3 =w?(cos @— cos «)(Cos B — Cos 8) , 


and the particle will oscillate on one side of the vertical 
diameter. 

In each of these three cases the complete solution of the 
problem can be exhibited in terms of elliptic functions. 
In the last two cases, when the ares of oscillation are very 
small, a sufficient solution may easily be obtained by the 
usual methods of approximation. This is a particularly 
instructive example. 

2160. Asa final example of constrained motion of a 
particle, let us find the form of a curve 
such that a particle will slide down any 
are of it, from the origin, inthe same 
time as down the chord of that are. 
If OA,OB (fig. 53) be any two chords, 
it is plain that the difference of the 


BA times down these chords must be equal 
to the time of describing the arc AB. 
Fig. 53, But, if OA make an angle @ with the 


vertical, the time of descent along it is 
4 20A 
g cos @ 
And the velocity at A is V 2gOA cos 6, so that the time 
describing AB (considered as mfinitesimal) is 


AB//2gOA cos 6. 

If we put r for OA, our condition gives at once 
wie ds. 
d 2r dé 


d9\ 7 cos 6 ~ 7/297 cos 8 


where sis the length of the are OA. This equation is 
easily integrated, and the resulting relation is 
vy? = a? sin 20, 

‘which belongs to the well-known lemniscate of Ber- 
noulli. From its form we see that the vertical line 
from which @ is measured is a tangent at O; so that 
the motion in are commences vertically. 

# 161. To complete this elementary 
sketch of the dynamics of a single particle 
we take an instance or two of ‘‘ disturbed 


Disturbed 
motion, 
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motion.’ The essence of this question is usually that 
the disturbing forces are, at any instant, small in com- 
parison with the forces producing the motion ; so that, 
during any brief period, the motion is practically the 
same as if no disturbing cause had been at work. 
But, in time, the effects of the disturbance may be- 
come so great as entirely to change the dimensions and 
form of the orbit described. ‘The mathematical meth- 
od which has been devised to meet this question de- 
pends upon what has just been said. The character 
of the path is not, at any particular instant, affected 
by the disturbance; but its form and dimensions are. 
Hence, as the first depends upon the form of the 
_ equations which represent it, while the latter depend 
upon the actual and relative magnitudes of the con- 
stants involved, we settle, once for all, the form of the 
equation as if no disturbing cause had acted. But we 
are thus entitled to assume that the constants which it 
involves are quantities which vary with the time in 
consequence of the slight, but persistent, effects of the 
disturbance. And, as we know that, if at any moment 
the disturbance were to cease, the motion would forth- 
with go on for ever in the orbit then being described, 
we may assume that in the expressions for the compo- 
nents of the velocity no terms occur depending on the 
rate of alteration of the values of the constants. This, as 
will be seen below, very much simplifies the mathemat- 
ical treatment of such questions. ‘ 

Suppose a cycloidal pendulum, or a simple pendu- 
lum vibrating through very small arcs, to be sub- 
jected to a simple harmonic disturbance in the direction of its 


Pendulum. 


motion. The equation of motion will obviously be of the 
form 

6+ 20=Acosmt, 
where n? =1/g,as in 3134. 


The integral of this equation is 


A 
6= P cos (nt + Q) m2 —n2 8 mt. 


me? 

We see then that the result is the superposition of a new 
simple harmonic motion on the natural simple harmonic 
motion of the undisturbed bob, and that it is altogether 
independent of the amplitude and phase of the undisturbed 
motion. So long as the disturbance is very small, this new 
part of the motion may be neglected, unless m is very 
nearly equal to ». For in that case the amplitude of the 
disturbance may become much greater than that of the 
original motion, When m is equal to n, the integral changes 
its form, and we haye 


6 =P cos (nt +Q) + AS sin nt. 


Harmonic This shows that, in the special case of a 
ea ae disturbance of the same period as the un- 
wi 1S- 


turbance of disturbed motion, the nature of the motion 
same is entirely changed. Thus, suppose the 
period. pendulum to be at rest at its lowest point 
when the disturbance is applied ; then we have merely 


bony 
6=Az sin nt, 


a simple harmonic motion whose amplitude increases 
i proportion to the time elapsed since the disturbance 
commenced. 
Point of 2162. As another illustration, suppose the 
suspension point of suspension of a simple pendulum to 
disturbed. “Rave a simple harmonic motion of small 
anuplitude in a horizontal line. 

Here the equations of motion are (to horizontal and ver- 
tical axes) 
x—E 


mi =—T I ’ 


mij =mg—'T-- 


But if we suppose the oscillations to be small, we may 
write + —¢= 10, y=l, where / is the length of the pendu- 
lum, and 6 the angle it makes with the vertical. Then we 
have 


&=16 + €=16 + A cos mt, suppose, and 7 =0, 
Hence mg=T, 
and 16+ A cos mt =—gé, 
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which is precisely the equation of the preceding investi- 
gation, 

We see from this how to explain the 
somewhat puzzling phenomenon which we ae ofa 
observe when we produce complete rotations ”~ 
of a stone in a sling by a comparatively trifling motion 
of the hand. All that is necessary is that the hand 
should have a slight to and fro horizontal motion, in a 
period nearly equal to that in which the sling and stone 
would vibrate asa pendulum. This result of particle © 
kinematics is (like that in 2 161) of great value in other 
branches of physics, especially sound, light, and radiant 
heat. 

To illustrate the general principle, let us take 
the case of one degree of freedom. Then the Disturb- 
equation of motion of an unit mass must be of” ceaaly 
the form 4 : 

6=0+0,, 
where ® represents the normal force, and ©, the abnormal 
or disturbing force. Leaving out ©, for the moment, let 
the integral of 6= © be 
6=f (a, B, t), . 
in which « and £ are two arbitrary constants. We may now 
suppose # and 6 to be variable in such a way that the equa- 
tion shall still be satisfied by this value of @ when the dis- 
turbing forces are included. This imposes only one condi- 
tion on the two independent quantities # and B, so that to 
determine them completely we must impose a second. This 
we do, as already explained, by making the expression for 
the speed independent of the rates of alteration of « and £, 
and we gain the advantage that our solution will accord at 
every instant with what would be the actual future motion 
if the disturbance were suddenly to cease. The speed is 
6=f' (a) a+ f(B)B+f (t). 
We therefore assume 
S' (uw) a%+ f’ (8) B=0. 


Taking account of this and differentiating again, we 
have 


r= P(t) a +2 ro) -B+f'(t). 


Hence we have, for the determination of « and £, the 
equations 


P(a)St + pe) =0, 


ae da "a dp 
dat at + apt) -a¢ =0,. 
These give the values of 


de 


Ui and ae 


at 
and so completely solve the problem. 

2 163. In a somewhat similar way we may Impulsive 
treat the effects of aslight disturbance, made ohenee of 
once for all, in the motion of a particle de- Ye 
scribing a definite path under given forces. <A single 
example must suffice. 

Thus, we have in an elliptic orbit about the focus, 7144 
(9), 

pe yee cen 
ON ann amieaie 

At the end of the major axis farthest from the focus this 
becomes 

ZL —e 

Rah aite° 

Now if at this point V be made V +6V, without change 
of direction, we have the condition that in the new orbit 
a(1+e) shall have the same value as in the old, since this 
will still be the apsidal distance. 2 


Hence 
wil—e 
av) = a(S 4) 
and | a(1+6)t=0; 
. ein iihe 66 
-*. 2V8V = abe 
[{fa-e 
or Re acneN {£a-e) 8V, 
a 
and ale 
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a1—e 
=2(£ ie), 


which determine the increase of the major axis and the 
diminution of the eccentricity; and the same method is 
“applicable to more complicated cases, 


A very excellent series of examples of the elementary 
geometrical treatment of disturbed orbits is to be found 
in Airy’s Gravitation. 


Third Law. Kinetics of Two or More Particles. 


Stress 4164. We have, by means of the first 
between — two laws, arrived at a definition and a meas- 
particles. 


ure of force, and have found how to com- 
ound, and therefore how to resolve, forces, and also 
ow to investigate the conditions of equilibrium or mo- 
tion of a single particle subjected to given forces. But 
more is vin ate before we can completely understand 
the more complex cases of motion, especially those in 
which we have mutual actions between or amongst two 
or more bodies,—such as, for instance, tensions or pres- 
sures or transference of energy in any form. ‘This is 
perfectly supplied by the third law, on which Newton 
comments nearly as follows. 
2165. If one body presses or draws an- 


Newton's Ame : 
comments other, it is pressed or drawn by this other 
en third with an equal force in the opposite direction. 


If any one presses a stone with his finger, 
his finger is pressed with an equal force in the opposite 
direction by the stone. A horse towing a boat on a 
canal is dragged backwards by a force equal to that 
which he impresses on the towing-rope forwards. By 
whatever amount, and in whatever direction, one body 
has its ‘‘motion’’ changed by impact upon another, 
this other body has its ‘‘ motion”’ ¢ aieed by the same 
amount in the opposite direction; for at each instant 
during the impact they exert on each other equal and 
opposite pressures. When neither of the two bodies 
has any rotation, whether before or after impact, the 
changes of velocity which they experience are inversely 
as their masses. When one body attracts another from 
a distance, this other attracts it with an equal and op- 
posite force. 
ee 2166. We shall for the present take for 
ress. z 2 
granted that the mutual action between two 
particles may in every case be imagined as composed of 
equal and opposite forces in the straight line joining 
them, two such equal and opposite forces constituting 
a ‘‘stress’’ between the particles. [rom this it fol- 
lows that the sum of the quantities of motion, parallel 
Conserva- to any fixed direction, of the particles of any 
tion of mo- system influencing one another in any possi- 


mentum, le way, remains unchanged by their mutual 
and of mo- ee : 
mentof action; also that the sum of the moments 
aaeen: of momentum of all the particles round any 


line in a fixed direction in space, and pass- 
ing through any point moving uniformly in a straight 
line in any direction remains constant. From the first 
of these propositions) we infer that the centre of mass 
of any system of mutually influencing particles, if in 
motion, continues moving uniformly in a straight line, 
except in so far as the direction or speed of its motion 
is changed by stresses between the particles and some 
other matter not belonging to the system ; also that the 
centre of mass of any system of particles moves just as 
all their matter, if concentrated in a point, would move 
under the influence of forces equal and parallel to the 
forces really acting on its different parts. From the 
second we infer that the axis of resultant rotation 
through the centre of mass of any system of particles, 
or through any point either at rest or moving uniformly 
in a straight line, remains unchanged in direction, and 
the sum of moments of momentum round it remains 
constant, if the system experiences no force from with- 
out, or only forces whose resultant passes through the 
centre of inertia of the system. This principle is some- 
times called ‘‘ conservation of areas,’’ a very misleading 
designation, 


2167. Newton's scholium, which we treat 
as a fourth law, points out that resistances 
against acceleration are to be reckoned as 
reactions equal and opposite to the actions 
by which the acceleration is produced. Thus, if we 
consider any one material point of a system, its reaction 
against acceleration must 8 equal and opposite to the 
resultant of the forces which that point experiences, 
whether by the actions of other parts of the system 
upon it, or by the influence of matter not belonging to 
the system. In other words, it must be in equilibrium 
with these forces. Hence Newton’s view amounts to 
this, that all the forces of the system, with the reac- 
tions against acceleration of the material points compos- 
ing it, form groups of equilibrating systems for these 
points considered individually. Hence, by the princi- 
ple of superposition of forces in equilibrium, all the 
forces acting on points of the system form, with the 
reactions against acceleration, an equilibrating set of 
forces on the whole system. ‘This is the cel- py ayom- 
ebrated principle first explicitly stated and bert’s 
very usefully applied by D’Alembert in 1742, Principle. 
and still known by his name. 


Conse- 
quences of 
Newton’s 
scholium, 


_% 168. Thus Newton lays, in an admirably anstract 
distinct and compact manner, the founda- theory of 
energy. 


tions of the abstract theory of ‘‘energy,”’ 
which recent experimental discovery has raised to the 
position of the grandest of known physical laws. He 
points out, however, only its application to mechanics. 
The actio agentis, as he defines it, whichis evidently 
equivalent to the product of the effective component of 
the force into the velocity of the point at which it acts, 
is simply, in modern English phraseology, the rate at 
which the agent works, called the ‘‘power’’ of the 
agent. The subject for measurement here is precisely 
the same as that for which Watt, a hundred years later, 
introduced the practical unit of a ‘‘ horse- 

” :! . orse- 
power,’ or the rate at which an agent works power. 
when overcoming 33,000 times the weight 
of a pound through the distance of a foot in a minute,— 
that is, producing 550 foot-pounds of work per second, 
The unit, however, which is most generally convenient 
is that which Newton’s definition implies, namely, the 
rate of doing work in which the unit of work or energy 
is produced in the unit of time. 

4169. Looking at Newton’s words in this light, we 
see that they may be converted into the following :— 

‘“ Work done on any system of bodies (in 
Newton’s statement, the parts of any ma- 
chine) has its equivalent in work done against 
friction, molecular forces, or gravity, if there be no ac- 
celeration; but if there be acceleration, part of the 
work is expended in overcoming the resistance to accel- 
eration, and the additional kinetic energy developed is 
equivalent to the work so spent.”’ 

When part of the work is done against molecular 
forces, as In bending a spring, or against gravity, as in 
raising a weight, the recoil of the spring and the fall 
of the weight are capable, at any future time, of re- 
producing the work originally expended. But in New- 
ton’s day, and long afterwards, it was supposed that 
work was absolutely lost by friction. 

2170. If a system of bodies, given either at rest or 
in motion, be influenced by no forces from without, the 
sum of the kinetic energies of all its parts is augmented 
in any time by an amount equal to the whole work 
done in that time by the stresses which we may imagine 
as taking place between its points. When the lines in 
which these stresses act remain all unchanged in length, 
the sum of the kinetic energies of the whole system 
remains constant. If, on the other hand, one of these 


Newton's 
scholium. 


r lines varies in length during the motion, the stress in 


that line will do work or will consume work, according 
as the distance varies with or against it. 

2171. Experiment has shown that the Gonserya- 
mutual actions between the parts of any tive 
system of natural bodies always perform, or System. 
always consume, the same amount of work during any 
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motion whatever, by which the system can pass from 
one particular configuration to another; so that each 
configuration corresponds to a definite amount of ki- 
netic energy. Hence no arrangement is possible in 
which a gain of kinetic energy can be obtained when 
the system is restored to its initial configuration. In 
other words, ‘‘ the perpetual motion’? is impossible. 
The ‘potential energy’’ (2113) of such 
a system, in the configuration which it has 
at any instant, is the amount of work that 
its mutual forces perform during the passage of the 
system from any one chosen configuration to the con- 
figuration at the time referred to. It is generally con- 
. venient so to fix the particular configuration chosen for 
the zero of reckoning of potential energy that the po- 
tential energy in every other configuration practically 
considered shall be positive. 

As particular instances of this we may notice many 
of the results already given: for instance, the ordinary 
expression for the velocity acquired by a falling stone 
(Z 28), 40°=ga; for here }mv* is the kinetic energy 
acquired, while mg.a is the work done by the weight 
(mg) during the fall. Similarly, we have in the mo- 


“ 2 1 . 
tion of a planet, the expression val an which 


Potential 
energy. 


Yr a 

; v2—v7 mp 
leads to m —y*= =) 
value’’ of the force for distances from 7 to 7, and 
therefore the right-hand side is the work done by the 
force, while the left-hand side is the increase of kinetic 
energy produced. 


‘ 


mu « 
(1-7). Here — is the ‘mean 
1 


To put this in an analytical form, we have merely to no- 
tice that, by what has just been said, the value of 


dx dy dz 
SHA om Ne 2 + zi ds 


is independent of the paths pursued from the initial to the 
final positions, and therefore that 

= (Xda + Ydy + Zdz) 
is a complete differential. If, in accordance with what has 
just been said, this be called — dV, V is the potential en- 
ergy, and 


Also, by the second law of motion, if m, be the mass of a 
particle of the system whose co-ordinates are #1, y;, 2, we 
have 


2 
M4 a =X,, ete. =etc. 


. and 
toner 3{ [e ax, dy dy | ded Va 
energy. ™\at di?” dt dt?” dt dt? 


= 3(Xdx+ Ydy+ Zdz) =— dV. 
The integral is 
423(mv2) + V = H, 


that is, the sum of the kinetic and potential energies is 


constant. 'This is called the ‘conservation of energy.” 

wes In abstract dynamics, with which alone 
Frictional thi ticle i d. th is | f 
dissipation, this article is concerned, there is loss o 


- energy by friction, impact, ete. This we 
simply leave as loss, to be accounted for by Thermo- 
dynamics. 

2172. Hitherto, as we have been dealing 
with the motion of a single particle only, 
: we have not required the assistance of even 
the third law. For, in those cases, already treated, in 
which one of the forces was not given, it was at all 
events due to a given constraint, and the geometrical 
circumstances of the constraint supplied the means of 
determining it. In fact we were not, in any case, con- 
cerned with reaction; or, to use the more modern form 
of expression, we were engaged with one half, only, of 
a stress. When a stone’s motion was investigated, no 
account was taken of the stone’s attraction for the 
earth; when we dealt with central forces, the centre 
was supposed to be fixed; and, even in the cases in 
which variable constraint was supposed, the curve which 


Other side 
of stress. 
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produced it was assumed to move in a manner abso- 
lutely determined beforehand, and in no way affected 
by the reaction of the mass acted upon. 

But, in nature, circumstances are not so simple. 
Though, for all practical purposes, we may calculate the - 
motion of an ordinary projectile as if its attraction had 
no influence upon the motion of the earth, we cannot 
do so in the case of the motion of the moon about the 
earth. The mass of the moon is about jth of that of 
the earth, and its gravitation-effects on the motion of © 
the earth cannot be neglected. The moon, in fact, 
moves faster round the earth than would a projectile 
of less mass, though moving in precisely the same ~ 
relative orbit (2146). If the earth’s motion were not 
accelerated by the reaction of the moon, the sole crest 
of the lunar tide-wave would be on the side of the earth 
next the moon, and there would be full-tide once only 
in a single rotation of the earth about its axis. We 
need not give further instances here; they will present 
themselves in almost every case we investigate. 

2173. To give a general notion of the pxamples 
applications of, and necessity for, the third of third 
law, we choose a few special cases, selected 1w- 
so as to give, in short compass, a sufficiently general 
glance at the whole subject. 

We take, first, the case of two stones or 
bullets connected by an inextensible string 
passing over a smooth pulley. Let their 
masses be mand m’. es physical condition is that 
the tension of the string, whatever be its value, is the 
same throughout; and this is accompanied by the 
geometrical condition that the length of the string is 
constant, or that the speeds of the two masses are equal 
but in opposite directions. Hence the amounts of in- 
crease of momentum in a given time are as the masses. 
yee they are also as the forces, by the second law. 

us 


Atwood’s 
machine. 


m:m'::T—mg:m'g—T. 
This gives, at once, 


so that the whole downward force on m7 is 


f 


rpciep > hy ee 
met = a m'+ m 
and the whole upward force on m is 


, 


m —_— 
T-mg=m Paar 
The motion of the system is therefore of precisely the 
same character as that of a free mass falling in a verti-. 
cal line, but the acceleratiom is less, in the ratio of the 
difference of the two masses to their sum. 

2174. This is the essence of the arrangement called 
Atwood’s Machine, which used to be employed for the 
demonstration (in a rough way) of the first and second 
laws of motion, in certain simple cases. The main 
feature of the method is the artificial reduction of the 
acceleration, so that the motion of the falling body is 
rendered slow enough to be followed by the eye with 
some degree of accuracy. ‘To prove the first law, a bar 
of metal was laid across one of two equal masses sus- 
pended as in the example; and the system was allowed 
to move under acceleration until the preponderating 
mass passed through a ring which arrested the bar. 
The subsequent motion, with no acceleration, was then 
observed by noting the passage of the falling mass in 
front of a vertical scale, while the observer also listened 
to the ticking of a pendulum escapement. For the 
‘verification of the second law, so far as uniform force 
is concerned, the apparatus was adjusted by trial so 
that the extra load was detached from the preponder- 
ating mass after 1, 2, 3, ete., beats of the pendulum ; 
and the subsequent uniform speed was found to be 
nearly in proportion to these numbers. And, again, to 
prove that momentum acquired is, cceter’s paribus, pro- 
portional to the force, the effects of bars of different 
masses were compared by the same process. 


9, 
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If « and!—z be the portions of the string on 
sides of the pulley at time t, we have 


dx i 
m az = mg —T = mia, 


opposite 


, a U In 
m “ae ('-*) =m'g—-T=—m'é. 
Hence by elimination of T we have 
m —m! 
m+ mm 
and by elimination of # 
2mm’ 


m+ im! 


When one of the masses is vibrating pendulum-wise, the 
problem assumes a very much more difficult aspect. We 
will take it later as an example of the application of La- 
grange’s general method. 


g = %, 


g, as before. 


2175. Let us new suppose these masses, 
so connected, to be thrown like a chain-shot. 
We see by 2 166 that their centre of inertia moves as 
if the masses were concentrated there. Also that the 
moment of momentum is unaffected. Hence we have 
only to find the initial position and motion of the centre 
of inertia, and the plane and the amount of the initial 
moment of momentum; and the complete determina- 
tion of the motion follows. This case is precisely the 
same as that of a well-thrown quoit, the rotation of 
which is about its axis of symmetry. It is, so far as 
2166 goes, the case of an ill-thrown quoit, which ap- 
pears to wabble about in an irregular manner. But 
these are matters properly to be treated under Kinetics 
of a Rigid System. 

2176. Suppose, next, two masses m, and 


Chain-shot. 


Masses con- - 
nected by mM, to be connected together by an elastic 
Sond string, the extension of the string being pro- 


ortional to the tension. 

the hand, while my, hangs at rest. Then let the system 
be allowed to fall. What is the nature of the motion? 
Without mathematical investigation it 1s easy to see 
that, the moment the masses are left free to fall, the 
tension of the stretched string will gradually draw them 
together. When it has thus contracted to its normal 
length, /, the relative speed of the two masses will have 
a definite value. ‘This will continue to be the relative 
speed until they have passed one another and again ar- 
rived at a mutual distance /. At that instant the ten- 
sion of the string comes into play again; the relative 
speed becomes less and less, finally vanishing when the 
distance between the masses is what it was at starting. 
Then the relative speed becomes again one of approach, 
increasing steadily till the distance between the masses 
is/. This maximum speed of approach continues till, 
after again passing one another, the particles once more 
reach the relative distance 7. And so on. All this 
time, however, their common centre of inertia has been 
steadily falling with uniformly accelerated speed, as if 
the masses had been concentrated at it into one. Since 
lis the unstretched length of the string, if we call H 
its modulus of elasticity, its tension at any other length, 
A, is 


Let m, be held in 


T=-p+— 


by Hooke’s law. Hence, if initially m were at the 
origin, and the axis of x be taken vertically downwards, 


-we have for the initial co-ordinate of m, 


(ea)o— (“at 


When the masses are moving, the third law informs us 
that the tension of the string acts equally and in opposite 
directions on them. Thus the equations of motion are 

Mo, =m g+T, 
Moto =Mog—T. 


+11. 


By eliminating T we have at once 
M1% + Mo%_ = (my +2) 9. 


But 


My Ly + Mz%o = (mM, + Ma)E, 
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if ¢ be the co-ordinate of the centre of inertia of the two 
masses, Hence ; 

§= q; 
the ordinary equation for the fall of a stone. Thus 


M4%, + Mero =A+ BE+4(my +m,)gt?. 


Since 
24=0, %,=0, 2, -(% + 1), 20, whent=0, 
we have 
A=m, (ae + 1), B=0, 
and thus 


Mog 


M124 + M%2 = Me ("2 ay 1\i+ 2(m, + mg)gt?. 


. So long as 7, — a, >1 we have also 
T=E(#> a 1) 
Hence, multiplying the first of the equations of motion 


by mg, and the second by m,, and taking the difference, we 
have 


M1Mo(%_ —#,)=—(m, +m,)E (22 7 cok -1) 5 
The integral is 
X_—X,=1+ Pecos(nt+Q), 


where 
2 — Mat My. 
Imymg 
Also, by the data at starting, we have 
Q=0, Pama 


Henee, finally, 


1 Mo 
vy ~ aby ie My (ms ( E > 1)! 


3ql 
+3(m, + m2)gt? — mil— ar cos nt) s 
Pen en ee tn hke tree 
sgt + Fm, +h, (1—cosnt), 


whence the value of x, can easily be found. 

As soon as we have nt > 4m these values cease to repre- 
sent the co-ordinates of the two masses, because they are de- 
duced from equations involving constraint which, in the 
case supposed, has ceased for a time. 

At the instant nt = 4x the relative speed of the masses is 


— ttm + m,)E 
EV mym lt 
and their distance /. 

This distance diminishes thenceforward with the 
above speed until the uppermost stone, having passed 
the lower one, falls below it to a distance 7. We must, 
in order to trace the next part of the motion, reapply 
the differential equations above,—integrating them, 
and determining the constants by the new conditions. 
This we leave to the reader. 

2177. Next let us take the case of a 
Complex Pendulum,—the motion of two or 
more pellets attached, at different points, to 
the same thread, supported at one end. The general 
solution of this question presents considerable ditticul- 
ties, but if we confine our attention to slight disturb- 
ances it is easily treated by very elementary processes. 
In fact, just as a simple pendulum, slightly disturbed 
in a vertical plane, has simple harmonic motion which 
may be regarded as the resolved part of conical pendu- 
lum motion, so we may treat of a complex conical 
pendulum, and resolve its motions parallel to any verti- 
cal plane. 

If there be but two masses attached to the string, it 
is clear that they must, if the motion is to be a persist- 
ent conical one, be always in one vertical plane with the 
point of suspension. And there are obviously two dis- 
Boon of the string which are consistent with kinetic 
stability. 

Let A (fig. 54) be the point of suspension, then the 
masses may rotate steadily in either of the two config- 


Complex 
pendulum, 
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urations sketched. To, 
keep either mass moving 
in a horizontal circle, all 
that is required is that the 
resultant force on it shall 
be horizontal, directed to- 
wards the centre, and pro- 
ducing an_ acceleration 
equal to V?/R, as in 2 34. 
Let the whole system turn 
with angular velocity o, 
and let the lengths of the 
strings be @ and 3b, their 
directions making angles 
6, + with the vertical. BM 
We will treat only the Fi 
0 . ig. 54. 
case in which these angles 
are so small that the ares may be written in place of 
their sines. Then m requires a horizontal resultant 
force ma$w* directed towards the axis, and M requires 
M(aé + b¢)e similarly directed. Also, as the strings 
are both very nearly vertical, the tension of the lower 
string may be taken as the weight of M, and that of 
the upper as the sum of the weights of M and im. 
Treating it, then, as a statical problem, we have for the 
mass 7 


and for M 


A 


Oo 


M IB 


mabw? = (M + m)ga —Mg¢; 


M(aé + bb)w? = + Mgo. 

These formule correspond to the first configuration, 
but a change of sign of ¢ adapts them to the second. 

These two equations involve three unknown quanti- 
ties o’, 6, ¢. But the ratio, only, of @ and ¢ is involved, 
so that two equations are sufficient. [We have con- 
fined ourselves to small values of # and ¢, but have not 
assigned any limit to their smallness; so that their 
ratio has still an infinite range of values. | 

Eliminate the ratio ¢/@ between the two equations ; 
and we have, putting for g/o’, 

May =(y —b)((M + m)y—ma), 


(bad) = apy ag 


Tt is clear that, because the right-hand member is es- 
sially less than ab, there are always two real values of 
a, both positive, but one greater than the greater of 
a, b, the other less than the lesser. ‘These correspond 
to two values of ¢/#, one positive, the other negative. 

2178. The most general motion, then, of the double 
complex pendulum, when it vibrates in one plane, con- 
sists (for each of the masses) of the resultant of two 
simple harmonic motions, whose periods are 


2m a 2m 4/g, 

w haying one or other of the two positive values given 
by the equation above, and being therefore the length 
of the equivalent simple pendulum. Thus the double 
complex pendulum supplies at once the mechanical 
means of tracing (by ink, sand, electric sparks, ete. 
@ 156) a graphical representation of the composition of 
two simple harmonic motions, of different periods, in 
one line. 

Analytically thus. For any displacement in one plane 


we have, @ and ¢ being, as before, the deflexions and T, T’ 
the tensions of the strings, 


or 


2 
ma (+) siné=—Tsiné+ T’sin¢g, 
2 
ma (+r) cos @= mg —T cos@+ T’cos¢, 
d 2 
at (<r) (asin 6+ bsin¢) =—T’sing, 


d 2 
M (<) (acos 6 + b cos $) =Mg—T’cos 4, 


four equations to determine 6, $, T, and T’, They become 
much more manageable if we assume that @ and ¢# are so 
small that their squares may be neglected. For then we 
have sin 6= @, cos @ =1, etc., and the equations become 
mas =— Te + T’d, O=mg—T+T’, 
M (a+ b6) =— T’d, 0=Mg—T’. 
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Thus 
T’=Mg, T=(M+m)g, 
and we have 
mas =— (M+ m)ge + Mg, 
a6 + bd =— go. 
Introducing an arbitrary multiplier A, we have 


2 
(<) { (m+ 2)a0 +056 b—=—g { (M +m)o+ (A—M6 i. 
If we choose A so that 
rd A-—M 
(m+ aja M+m — 
the equation can be put in the form 


d\? M 
(z7) @+e) =~“ aye @ + et 


Now (1) is a quadratic equation in A, and has obviously 
real roots, a positive root greater than M, and a negative 
root numerically less than m. Write (1) as the equation of 
an hyperbola, in the forms 

ee apn op a 
*“ (m+ aja M+m’ 
and we see that A +m=0is an asymptote. The branch on 
the positive side of this asymptote lies mainly below the 
axis of A. But is positive for A= M, and also for A= 0. 

Hence » must pass through the value of zero while A is © 
greater than M, and for another value of A between zero 
and —m. Butit is obvious that, for each of these values of 
A, m +A is positive. Hence the equation may be written 


(ai) (04 09) =e ee 


where e and » have two sets of real values given as above, 
and thus we have the complete solution, with the four req- 
uisite arbitrary constants, in the form 

6 + e1 = Pycos(n,t+ Q;), 

6+ @26 = P,cos(ngt + Qo). 

This applies to every possible set of values of a, b, m, M; 
for, as we have seen, the two values of A are essentially dif- 
ferent, at least so long as neither of the masses become zero. 
Thus, in this particular case, we are not met by the diffi- 
culty of equal roots. But it is very interesting to contrast 
this case, when m is much greater than M, and a=6, with 
the case discussed in ? 162, where the point of suspension of 
a simple pendulum has a horizontal simple harmonic mo- 
tion of the period of the pendulum and in the vertical plane 
in which it vibrates. There the oscillations increase indef- 
initely ; here they are in all cases essentially finite, in ac- 
cordance with the assumptions made. There is, in fact, no 
increase of the energy of the system. 


A very slight modification of the process gives us the 
result of small displacements not in one plane. 


Kinetics of a System of Free Particles. 
2179. A system of free particles is subject only to 
their mutual attractions; to investigate the motion of 
the system. 


Let, at time t, Xn, yn, 2n be the co-ordinates 
of the particle whose mass is mn, and let ¢/(D) System of 


CMT eh ey annie 


(1); 


be the law of attraction. Let rq express the sth parti 
distance between the particles mp and mq; then 4 
we haye, for the motion of mj, 
d?x Ln — & 
mys BY MaMa! (an) ae al’ tin! Wowie (1), 
d? = 
My ee { mynind! (arn) at } . (2), 
d?z tn— @ 
mye => { M4Mnb! (47m) a 4 } 4 KS), 


with similar equations for each of the others; the summa- 
tions being taken throughout the system. Before we can 
make any attempt at a solution of these equations, we must 
know their number, and the laws of attraction between 
the several pairs of particles. But some general theorems, 
independent of these data, may easily be obtained. 

First, we have Conservation of Momentum. In 


d22tp es f 
5 pease vation o 
the expression for mp ae We have a term a OTe 
tq— d?a tum, 


Xp ‘ q 
, and in mere 
pag 


MpMgh' (p1q) a 
eq 


Map! (g1"p) 


p 
Hence, if we add all the equations of the form (1) to- 
gether, the result will be 


we have 
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ax dx? 
mga + Mage + ee O's 
d?z d?5 
or 3(m de )- de =x(m) = 0. 
day * d2z 
Similarly am) =0, and oa 3m) = 0 


‘where (? 109) %, 7, 2 is the centre of inertia of the system. 


These equations show that the speed of the centre of 
inertia parallel to each of the co-ordinate axes remains 
invariable during the motion; that is, that the centre of 
inertia of the system remains at rest, or moves with con- 
stant speed in a straight line. 

Next we have Conservation of Moment of Mo- 


eet mentum. For if we multiply in succession 
of mo- equation (1) by y;, and equation (2) by 7,, and 
mentum, subtract, and take the sum of all such remain- 


ders through the system of equations of the 
forms (1) and (2), we have 
[m(ay — y%)]=0. 
Integrating once, we have. 
=[m(xy —yt)]=2Az, 
where the left-hand member is the moment of momentum 
of the system about the axis of 2. | 
This equation shows (since wy is any plane) that gen- 
erally in the motion of a free system of particles, subject 
only to their mutual attractions, the moment of momen- 
tum about every axis remains constant. 
of energy. Finally, we have Conservation of Energy: 
a dys 
Multiply (1) by dt? (2) by dt? 
similarly all the other equations, add them all together. 
Let us consider the result as regards the term on the 
right-hand side involving the product mpitg. 
Written at length it is 


Mpigd! (prq) { dip Atq 
re (xq — %p) Ap aD (*p —%q) 


(3) by Ss, and treating 


+ similar terms in y and z \ : 
and the portion in brackets is equal to 


d 5 
- | (aq — tip) Gita %p)+similar terms in y, 2 \ ; 


d 
or = page (va) ; 
dx dz | dyd*y | dz 3) \ 
hence a { = (% ai? + at at? + at at? 


a 
+3 { mpg" (ya) ae (vq) \ =0; 
therefore on integration, 
42(mv?) + X{mpmgb(prq)} = H. 
We see therefore that the change in the kinetic energy 


of the system in any time depends only on the relative 
distances of the particles at the beginning and end of 


that time. 

Virial. Another general expression for the kinetic 
; energy of a system of particles, in termsof a 

function of the mutual forces, and the constraining forces if 


‘ there be such, is readily found as follows. 


If x, y, z be the co-ordinates, at time t, of the particle m, 
we have 

2 
(a) Sma? + y? + 27) = QE a2 +y? + 2?)423m(ae+yyj+22) . 

But if X, Y, Z be the components of the forces (of what- 

ever kind) acting on m, we have (# 119) 

mé = X, my = Y, me = Z, 
Thus 
2 

( z) Sma? -+y2-+22) = 23m(42-+y2-+42)428(Ka + Vy + Zz). 
This expression was originally devised by Clausius for ap- 
plication to the kinetic theory of gases. The quantity 
2m(a? + y? +2?) is obviously half the sum of the three 
' principal moments of inertia of the group of particles 
about the origin (7 234). 

Tn all cases of motion of a group, in which this sum is 
either constant or oscillates in an extremely short period 
about a constant value, the left-hand side may be regarded. 
as (on the average at least) a vanishing quantity. Thus an 
equivalent of the kinetic energy is expressible as 


—43(Xa+ Yy + Zz). 
This expression is called the “ virial.” 
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In so far as it arises from the mutual action between two 
particles mp and mg, its value is (in th» notation above) 


Ss ele 
\ 1( Mig (ora) “Paty + mgmpo' (pq) ~ “1 %%4 ) ’ 


q Pra 
with corresponding terms in y and 2, altogether 

= dinpmgo' (prq)prq 
Hence if we write, generally, rfor the distance between two 
of the particles, and R for the stress between them as de- 
pending on their mutual action, the corresponding part 
of the virial is 

43(Rr), 


This is positive when the stresses are of the nature of ten- 
sion. 

When the mutual action is due to gravity only, 

1 
Ul 
$' (pig) = preg? 
and the part of the virial corresponding to this is 
dmyMalprg 5 
expressing half the exhaustion of the potential energy of 
the system. 

When the particles are in very great numbers, 
and enclosed in a vessel from the sides of which 
they rebound—as is supposed in the kinetic gas 
theory-—the pressure p, per unit of surface, on 
the walls of the vessel must be taken into ac- 
count. If, m, n be the direction cosines of the normal to 
the element dS of the wall of the vessel whose co-ordinates 
are x, y, 2, the corresponding part of the virial is 

dpf[faS(la + my + nz) 
extended over the whole internal surface. We here assume 
that p is constant. But lx + my + nz is the perpendicular 
from the origin on the plane of dS, so that the integral ex- 
presses three times the volume VY of the vessel. Hence this 
part of the virial is 
RpV. 


Thus, in the case of a gas not acted on by external forces, 
the kinetic energy is 
$pV + 43(Rr). 
Impact of Smooth Spheres. 


2180. There remains to be treated, so far 
as particle dynamics is concerned, the self- 
contained subject of Jmpact. In connection with it we 
must once more refer to the second and third of New- 
ton’s laws. We are now dealing with forces which 
produce, in finite masses, finite changes of momentum 
in excessively short periods of time. It is clear from 
this statement that their effects may be treated alto- 
gether independently of finite forces, which may be 
acting along with them, but which produce during the 
very short periods in question only infinitesimal results. 
And, as in general we have no knowledge of the actual 
force exerted at any instant during the impact, nor of 
the time during which the action lasts, we confine our- 
selves to the quantity, called the ‘‘impulse,”’ 
which measures the amount of momentum 
lost by one of the impinging bodies and acquired by 
the other. 

2181. When two balls of glass or ivory qympact 
impinge on one another, the portions of the of small 
surfaces immediately in contact are disfig- Spheres. 
ured and compressed until the molecular reactions thus 
called into play are sufficient to resist further distortion 
and compression. At this instant it is evident that the 
pine in contact are moving with the same velocity. 

ut as solids in general possess a certain degree of 
elasticity both of form and of volume, the balls tend 
to recover their spherical form, and an additional im- 
one is generated. ‘This is proportional, as Newton 
ound by experiment, to that exerted during the 
compression, provided neither of the bodies is per- 
manently distorted. The coefficient of proportionality 
is a quantity determinable by experiment, and may be 
conveniently termed the ‘‘ coefficient of restitution.’’? It 
is always less than unity. 

2182. The method of treating questions involving 
actions of this nature will be best explained by taking 
as an example the case of direct impact of one spherica 
ball on another. It is evident that in the case of direct 
impact of smooth or non-rotating spheres we may con- 
sider them as mere particles, since everything is sym- 


Virial of 
a gas 
contain- 
edina 
vessel, 


Impact, 


Impulse. 
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metrical about the line joining.their centres. If the 
impinging masses are of large dimensions, of the size 
of the earth, for instance, we cannot treat the effects of 
the impact independently of the other forces involved ; 
for the duration of collision in such a case may be one 
of hours instead of fractions of a second, : 

2183. Suppose that a sphere of mass M, moving 
with a speed v, overtakes and impinges on another of 
mass M’, moving in the same straight line with speed 
v’, and that, at the instant when the mutual compres- 
sion is completed, the spheres are moving with a common 
speed V. Let R be the impulse during the compression, 
then 


M(v— V) = M’(V—v’) =B; 
_ Mo+ Mv! MM’ 
whence V= Mim” and R= Mo we) r (1). 


From these results we see that the whole momentum 
after impact is the same as before, and that the com- 
mon speed is that of the centre of inertia before impact. 
The quantity V can vanish only if 

Mv + M’v’=0, 


that is, if the momenta were originally equal and 
opposite. 

This is the complete solution of the problem if the 
balls be inelastic, or have no tendency to recover their 
original form after compression. 

@ 184. Lf the balls be elastic, there will be generated, 
by their tendency to recover their original forms, an 
additional impulse proportional to R. 

Let e be the coefficient of restitution, and 1, 2,’ the 
speeds of the balls when finally separated. Then, as 
before, 

M(V—»,)=eR, 
M’(v,'—V) = eB; 


Mv + M’d’ MM’ ; 
whence Mo.=Myp wr > ee) 
(M—eM’)v + M’/(1+ e)v’ M’ ; 
and 0, = MaiM’ bossy aa yite)(v—o ); 


with a similar expression for 2’. 

These results may be more easily obtained by the 
simple consideration that the whole impulse is (1+e)R; 
for this gives at once M(v—v,) = M’(v,/—v’) = (1+ e)R. 
If M’ be infinite, and v’=0, we have the 


Impact F = 
on fixed result of direct impact on a fixed surface, 
plane. viz., v—v,=(1+e)vorv,=—ev. The ball 


rebounds from the fixed surface with a speed e times 
that with which it impinged. 

2185. Suppose, now, M=M7’, e=1; that is, let the 
balls be of equal mass, and their coefficient of resti- 
tution unity (or, in the usual but most misleading 
phraseology, suppose the balls to be ‘‘ perfectly elas- 
tic’’); then 2R=M(v—v’); v=’, and similarly 
v;/=v; or the balls, whatever be their speeds, inter- 
change them, and the motion is the same as if they 
had passed through one another without exerting any 
mutual action whatever. 

Thus if a number of equal solitaire balls or billiard 
balls be arranged in contact in a horizontal groove, and 
another equal ball impinge on one extremity of the row, 
it is reduced to rest, and the ball at the other end of the 
row goes off with the original speed of impact. If two 
impinge, two go off, and so on. 

Conneren: 2186. We may write the above expres- 


tion of mo- sions in terms of the impulse, thus 
mentum, 


_- BO +e) 
CF ba) baa” timed (2) 
- RIES 6) : 


Hence Mv, + M’u’ = Mv + M’v’, whatever ¢ be, or there 
is no momentum lost. This is, of course, a direct con- 
sequence of the third law of motion. 


Again 4Mv? + 3M’0/? = 4Mv?2 +43M’v!/2 
M+ M’ 
—R(L+ ¢)(v—0') + FR(1 + 6)? 
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, M+M™M 
= 4Mv? + $M/v'2 — $R2(1 — 7) ara 


, MM’ 
=4$Mv? + $M’'o/? —4(1— at + MW (vo—v')?. 


The last term of the right-hand side is 
therefore the kinetic energy apparently de- 
stroyed by the impact. When e= 0, its 
magnitude is greatest, and equal to 


by ape)? =4tR(v—0’). 


Loss of 
energy. 


When e=1, its magnitude is zero; that is, when the 
Sone of restitution is unity no kinetic energy is 
ost. 

The kinetic energy which appears to be destroyed in 
any of these cases is, as we see from 2171, only trans- 
formed—partly it may be into heat, partly nto sonorous 
vibrations, as in the impact of a hammer on a bell. But, 
in spite of this, the elasticity may be ‘‘ perfect.’’ Hence 
the absurdity of the designation alluded to in @ 185. 
Also by (2) : 

v4'—y =v'—v+ RO +e) eM 
=e(v—v’') by (1). 
Hence the velocity of separation is e times that of 
approach. 

4187. Two smooth spheres, moving in 
given paths and with given speeds, im- 
pinge; to determine the impulse and the 
subsequent motion. 

Let the masses of the spheres be M, M’, their speeds 
before impact v and 2’, and let the original directions 
of motion make with the line which joins the centres 
at the instant of impact the angles #, 4’, which may 
be calculated from the data, if the radii of the spheres 
be given. 

Since the spheres are smooth, the entire impulse 
takes place in the line joining the centres at the instant 
of impact, and the future motion of each sphere will be 
in the plane passing through this line and its original 
direction of motion. 


Oblique 
impact. 


Let R be the impulse, e the coefficient of restitution ; 


then, since the speeds in the line of impact are vcos# 
and v’ cos“’, we have for their final values 7%, 24’, a 
restitution, by 2184 the expressions 


M’ 
V4 = 0 C08 @ — ye yg (1 + €)(v cosa —v! cosa’) , 


M 
04! =v! cosa! + Maw (1 + &)(0 cos a—v' cosa’), 
and the value of R is 


MM’ 
Ma Mt + €)(v cosa — 0’ cosa’) . 


Hence, the sphere M-has finally a speed 2 in the line 
joining the centres, and a speed v sin « in a- known 
direction perpendicular to this, namely, in the plane 
through this and its original direction of motion. And 
similarly for the sphere M’. Thus the consequences 
of the impact are completely determined. 

4 188. When a sphere of mass M impinges directly 
with speed V, on another M’ at rest, the speed acquired 
by M7 is 


MYV(1+e) 
M+M’° 
But, if another sphere of mass y, also at rest, be inter- 
posed between them, M7’ will acquire a speed 
wMV(1+6)?_ 
(M+ #)(M’+ 2)’ 
This is greatest when u is the geometric mean of M and 
M’, and its value is then 
MV(1+ e)2 
(YM+ VM’)? 
The ratio of this to the speed which M’ would have 
acquired without the interposition of the third sphere is 
1l+e 
2y MM’ 
1+ + Mw’ 
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There is thus a gain by the interposition if, and only if, 
| 27MM! 

¢> M+ M" 
This condition is always satisfied when the coefficient 
of restitution is unity, except in the special case of 
equal masses. If an infinite number of spheres be 
interposed between M and M’, so adjusted as to give 
the greatest possible speed to V ’, that greatest speed 
- is V /M’/M, provided we have e=1. 


Continuous Succession of Indefinitely Small Impacts. 


2189. We may now consider the case of 
a continuous series of indefinitely small im- 


Infinite 


series of U l 
infini- pacts, whose effect is comparable with that 
eaten of a finite force. One obvious method of 


considering such a problem is to estimate 
separately the changes in the velocity produced by the 
finite forces and by the impacts, in the same indefinitely 
small time d¢, and compound these for the actual effect 
on the motion in that period. ‘ 

Another way, of course, is to equate the rate of in- 
crease of momentum per unit of time to the force pro- 
ducing it. 

A mass, under no forces, moves through a uniform 
cloud of little particles which are at rest. Those it 
meets adhere to it. Find the motion. 

At time f¢ let » be the mass, and let x denote its position 
in its line of motion. Then, as there is no loss of mo- 
mentum, we have 


A wat) =O. 
But if M be the original mass, u» the mass of the particles 
picked up in unit of length, obviously 
e=M+uo2%. 
Substitute and integrate, supposing x =0,7%=V, when tf=0; 


and we get 
7 (M + uo%)4 = MV, 
from which « can be easily found. 

It is interesting to observe that we have 

HoM?V? . 
~ (M+nox)8? 
so that the mass moves as if acted on by an attraction vary- 
ing inversely as the cube of the distance from a point in its 
line of motion. 

This problem obviously leads to the same result as 
the following :—A cannon-ball attached to one end of a 
chain, which is coiled up on a smooth horizontal plane, 
is projected along the plane. Determine its motion. 

2 190. Ghother excellent instance of the 
eves application of this process is furnished by 
the motion of a rocket, where the motive power de- 
pends on the fact that a portion of the mass is detached 
with considerable relative velocity. The increase of the 
momentum of the rocket due to this cause is equal to 
the relative momentum with which the products of 
combustion escape. If we suppose the rocket, origin- 
ally of mass M, to lose eM in unit of time, projected 
from it with relative velocity V, the gain of momentum 
in time d¢ due to this cause is 


a= 


eMVét. 
The total upward acceleration is therefore 
pee 
M—emt 9° 


Unless this be positive the rocket cannot rise. It will 
rise at once if V > g/e, and it cannot rise at all unless 
MV/M/ > gle, M’ being the mass of the case, stick, 
ete., which are not burned away. 
From the above data it is easy to calculate that the 
_ greatest speed acquired during the flight (the resistance 
of the air being left out of account) is 
g (1 M’\ © 
fe \oe M i 
Dynamics of a System of Particles Generally. 


M 
V log x77 — 


Motion $191. The law of energy, in abstract 
oe ‘ys dynamics, may be expressed as follows :— 


particles. the whole work done in any time, on any 
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limited material system, by applied forces, is equa) to 
the whole effect in the forms of potential and ki- 
netic energy produced in the system, together with 
the work lost in friction. This principle may be 
regarded as comprehending the whole of abstract dy- 
namics, because the conditions of equilibrium and of 
motion, in every possible case, may be derived from it. 

2192, A material system, whose relative ¢onai- 
motions are unresisted by friction, is in tion of 
equilibrium in any configuration if, and is hon 

: aia ts : ibrium, 

not in equilibrium unless, the rate at which 

the applied forces perform work at the instant of pass- 
ing through it is equal to that at which potential energy 
is gained, in every possible motion through that con- 
figuration. This is the celebrated principle 
of ‘‘virtual velocities,’’ which Lagrange 
made the basis of his Mécanique Analy- 
tique. 

4193. To prove it, we have first to remark that the 
system cannot possibly move away from any particular 
configuration except by work being done upon it by the 
forces to which it is subject; it is therefore in equilib- 
rium if the stated condition is fulfilled. To ascertain 
that nothing less than this condition can secure the 
equilibrium, let us first consider a system haying only 
one degree of freedom to move. Whatever forces act 
on the whole system, we may always hold it in equilib- 
rium by a single force applied to any one point of the 
system in its line of motion, opposite to the direction 
in which it tends to move, and of such magnitude that, 
in any infinitely small motion in either direction, it shall 
resist or shall do as much work as the other forces, 
whether applied or internal, altogether do or resist. 
Now, by the principle of superposition of forces in 
equilibrium, we might, without altering their effect, 
apply to any one point of the system such a force as 
we have just seen would hold the system in equilibrium, 
and another force equal and opposite to it. All the 
other forces being balanced by one of these two, they 
and it might again, by the principle of superposition 
of forces in equilibrium, be removed; and therefore the 
whole set of given forces would produce the same effect, 
whether for equilibrium or for motion, as the single 
force which is left acting alone. This single force, since 
it is in a line in which the point of its application is 
free to move, must move the system. Hence the given 
forces, to which the single force has been proved equiv- 
alent, cannot possibly be in equilibrium unless their 
whole work for an infinitely small motion is nothing, in 
which case the single equivalent force is reduced to 
nothing. But whatever amount of freedom to move 
the whole system may have, we may always, by the ap- 
plication of frictionless constraint, limit it to one degree 
of freedom only; and this may be freedom to execute 
any particular motion whatever, possible under the 
given conditions of the system. If, therefore, in any 
such infinitely small motion there is variation of po- 
tential energy uncompensated by work of the apphed 
forces, constraint limiting the freedom of the system to 
only this motion will bring us to the case in which we 
have just demonstrated there cannot be equilibrium. 
But the application of constraints limiting motion 
cannot possibly disturb equilibrium, and therefore the 
given system under the actual conditions cannot be in 
equilibrium in any particular configuration if the rate 
of doing work is greater than that at which potential 
energy is stored up in any possible motion through that 
configuration. 

_ @194. If a material system, under the youtrat 
influence of internal and applied forces, equilib- 
varying according to some definite law, is ™™- 
balanced by them in any position in which it may be 
placed, its equilibrium is said to be neutral. This is 
the case with any spherical body of uniform material 
resting ona horizontal plane. A right cylinder or cone, 
bounded by plane ends perpendicular to the axis, is 
also in neutral equilibrium on a horizontal plane. 
Practically,. any mass of moderate dimensions is in 


Virtual 
velocities. 
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neutral equilibrium when its centre of inertia only is 
fixed, since, when its longest dimension is small in com- 
parison with the earth’s radius, the action of gravity 
1s, as we shall see (4222), approximately equivalent to 
a single force through this point. 


Stable 2195. But if, when displaced infinitely 
et little in any direction from a particular 
um. 


position of equilibrium, and left to itself; 
it commences and continues vibrating, without ever 
experiencing more than infinitely small deviation, in 
any one of its parts, from the position of equilibrium, 
the equilibrium in this position is said to be stable. A 
weight suspended by a string, a uniform sphere in a 
hollow bowl, a loaded sphere resting on a horizontal 
plane with the loaded side lowest, an oblate body rest- 
ing with one end of its shortest diameter on a horizontal 
plane, a plank, whose thickness is small compared with 
its length and breadth, floating on water, are all cases 
of stable equilibrium—if we neglect the motions of 
rotation about a vertical axis in the second, third, and 
fourth cases, and horizontal motion in general in the 
fifth, for all of which the equilibrium is neutral. 


Unstable 2196. If, on the other hand, the system 
equilib- can be displaced in any way from a position 
rium, 


of equilibrium, so that when left to itself it 
will not vibrate within infinitely small limits about the 
position of equilibrium, but will move farther and 
farther away from it, the equilibrium in this position is 
said to be unstable. Thus a loaded sphere resting on a 
horizontal plane with its load as high as possible, an 
egg-shaped body standing on one end, a board floating 
edgewise in water, would present, if they could be 
realized in practice, cases of unstable equilibrium, 

2197. When, as in many cases, the nature of the 
equilibrium varies with the direction of displacement, 
if unstable for any possible displacement it is prac- 
tically unstable on the whole. ‘Thus a circular disk 
standing on its edge, though in neutral equilibrium for 
displacements in its plane, yet being in unstable equi- 
librium for those perpendicular to its plane, is prac- 
tically unstable, A ena resting in equilibrium on a 
saddle presents a case in which there is stable, neutral, 
or unstable equilibrium according to the direction in 
which it may be displaced by rolling; but practically 
it is unstable. 


Energy- 2198. The theory of energy shows a very 


test of clear and simple test for discriminating 
oe these characters, or determining whether the 


equilibrium is neutral, stable, or unstable, 
in any ease. If there is just as much potential energy 
stored up as there is work performed by the applied 
and internal forces in any possible displacement, the 
equilibrium is neutral, but not unless. If in every 
possible infinitely small displacement from a position 
of equilibrium there is more potential energy stored up 
than work done, the equilibrium is thoroughly stable, 
and not unless. If in any or in every infinitely small 
displacement from a position of equilibrium there is 
more work done than energy stored up, the equilibrium 
is unstable. It follows that if the system is influenced 
only by internal forces, or if the applied forces follow 
the law of doing always the same amount of work 
upon the system while passing from one configuration 
to another by*all possible paths, the whole potential 
energy must be constant in all positions for neutral 
equilibrium, must be a minimum for positions of thor- 
oughly stable equilibrium, and must i either a maxi- 
mu for all displacements or a maximum for some dis- 
placements and a minimum for others when there is 
unstable equilibrium. 

2199. We have seen that, according to 


Yormation ° i 

of general 1)’ Alembert’s principle, as explained above, 
equation Fora sting i ) j ; 
2 sae forces acting on the different points of a 


material system, and their reactions against 
the accelerations which they actually experience in any 
ease of motion, are in equilibrium with one another. 
Hence, in any actual case of motion, not only is the 
actual work by the forces equal to the kinetic energy 
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produced in any infinitely small time, in virtue of the 
actual accelerations, but so also is the work which would 
be done by the forces, in any infinitely small time, if 
the velocities of the points constituting the system 
were at any instant changed to any possible infinitely 
small velocities, and the accelerations unchanged. This 
statement, when put into the concise language of 
mathematical analysis, constitutes Lagrange’s applica- 
tion of the “ gat of virtual velocities’’ to express 
the conditions of D’Alembert’s equilibrium between 
the forces acting and the resistances of the masses to 
the acceleration. It comprehends, as we have seen, 
every possible condition of every case of motion. The 
‘“ equations of motion’’ in any particular case are, as 
Lagrange has shown, deduced from it with great ease. 

Commencing again with the equations of motion of a 

particle 

me =X + KX, mij = Y+Y', m¥=Z + Zi, 
let us introduce quantities 8x, ete., consistent with the 
conditions, otherwise perfectly arbitrary, and we have the 
general equation 

am(woo+. . . ) (Reet ws 

in which, by D'Alembert’s principle, the forces X’, Y’, Z’, 
due to the constraints, do not appear. 

If the system be conservative the right-hand member of 
this is, of course, equal to the loss of potential energy, so 
that 

—8V = s(Xio+. . oh 
and therefore, quite generally in such a system, 
Sm(wsa+. . .)=—sV. eh ls 

In the actual motion of any system we -haye, for each 

particle, 6% = #ét, etc., so that we have 
Ym HE + yy + 22)=3(Xa +Vy + Ze). 

This is the complete statement of Newton’s scholium, 
2 2 above. 

The right-hand member is the expression of the algebraic 
sum of the actiones agentium and of the reactiones resisten- 
tium, so far as these depend upon gravity, friction, ete., and 
the left-hand member that of the reactiones due to the ac- 
veleration of the several particles, 

If the system be conservative, this becomes 

ie chia. WV 
m( ie + yi) + 22) =— an 
whose integral 
42m(4? + y? +22) + V=HH 
is, of course, the general statement of the conservation of 
energy. 

In Lagrange’s general equation above, as we have stated, 
the variations, 5x, etc., are not usually independent. We 
must take account of the various constraints imposed on 
the system. If these retain the same character throughout 
the motion they may be expressed by a (generally finite) 
number of equations of the form 


Sl ssY1» 21» Vo) Yo) May + « + )=O. 
Bach of these gives rise to a purely kinematical relation 
affecting some one or more of the quantities dx, ete., of the 


form if ” 
d d 
3((7f, jae (if tu + 5 ne )=0. 


By introducing, as usual, a set of undetermined multipliers 
», one for each of the conditions of constraint, we obtain 
on adding all these equations to the general equation above 


Sm(dir+...) 
-[ (x +u(Z) +u,(2)+ a Jt + me) | Cats 


da 

If there be p particles of the system, there are 3p co-or- 
dinates a, y, 2, connected by (say) q equations of constraint, 
so that there are 3p-q degrees of freedom, and therefore 
3p-q independent co-ordinates, bec 

Equating separately to zero the multipliers of 8a, 544, 
ote., in the resultant equation above, we have 3p equations 
of which we write only one as a type, viz., 


mieX+m(Z) ... 1.4 @ 
Taken along with the q equations of the form 


f=0 
these form a group of 3p + q equations, theoretically neces- 
sary and sufficient to determine the 8p quantities #4, 91, 24, 
ete., and the q quantities », in terms of # Thus we have 
the complete analytical statement of the conditions, and 
the rest of the solution is a question of pure mathematics, 
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on os When we deal with a non-conservative sys- 
abies tem (which is equivalent in nature to saying 
system. “when we take an incomplete view of the 


question’’), some of the conditions may vary 
in character during the motion, This will be expressed 
analytically by the entrance of ¢ explicitly into one or 
more. of the equations of condition f. But, if we think of 
the mode of formation of Lagrange’s equation, we see that 
it was built up of separate equations, such as 

mi = X +X’, 
which are true whether the equations of condition involve 
t explicitly or not. Each of these was multiplied by a 
quantity 6x, etc., the only limitation on which was that it 
should be consistent with the conditions of the system at 
the instant considered, whatever instant that might be. 
Hence equation (2) still holds good. 

When, however, we introduce in that equation multi- 
peg corresponding to the actual motion of the system, so 
that 

ba = xét, etc., 
we find a remarkably simple expression for the energy 
given to, or withdrawn from, the system in consequence 
of the varying conditions, For the unintegrated equation 
(2) now becomes 


Sf (gRm( i? + 92 +42)) =3(Xe+ Vy + Zi) — 2p (2), 


at 
where the differential coefficient of f is partial. This 
follows at once from equations of the form e 
af _(4f)\, (%), $A 
im ( )+ (z «+ etc. =0, 


which are obtained by differentiating the equations of con- 
dition with regard to t When the conditions do not vary, 


the quantities (+f), etc., all vanish, and we see that the 


dt 
constraint does not alter the energy of the system, 


Least and Varying Action. 
ee 2 200. To complete our sketch of kinetics 
i of a particle we will now briefly consider the 
important quantity called ‘‘action.’’ This, for a single 
particle, may be defined either as the space integral of 
the momentum or as double the time integral of the 
kinetic energy, calculated from any assumed position of 
the moving particle, or from an assigned epoch. Fora 
system its value is the sum of its separate values for the 
various particles of the system. No one has, as yet, 
pointed out (in the simple form in which it is all but 
certain that they can be expressed) the true relations 
of this quantity. It was originally introduced into ki- 
netics to suit the metaphysical necessity that something 
should be a minimum in the path of a luminous corpus- 
cle (see an extract from Hamilton in the article Liar, 
vol. xiv. p. 602). But there can be little doubt that it 
is destined to play an important part in the final sys- 
tematizing of the fundamental laws of kinetics. 

The importance of the quantity called action, so far 
as is at present known, depends upon the two principles 
of ‘‘least action’”’ and of ‘‘ varying action,” the first as 
old as Maupertuis, the other discovered by Hamilton 
about half a century ago. 

The first is—Jf the sum of the potential and 
kinetic energies of a system vs the same in all 
its configurations, then, of all the sets of paths 
by which the parts of the system can be guided by fric- 
tionless constraint to pass from one given configuration 
to another, that one for which the action is least is the 
natural one or requires no constraint. 

2201. Unfortunately it is not easy to give examples 
of this important principle which can be satisfactorily 
treated by elementary methods,—except, indeed, the 
very simplest, such as those furnished by the corpus- 
cular theory of light. Thus it is obvious that, as long 
as a medium is homogeneous and isotropic, the speed 
of a corpuscle in it is constant. The action is thus re- 
duced to the product of the constant speed of the cor- 
puscle by the length of its path. Hence the principle 
at once shows that the path must be a straight line. 
When the corpuscle is refracted from one such medium 
into another, the path is a broken line such that the 
product of each of its parts by the corresponding speed 
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of the corpuscle is the least possible. This gives the 
law of the sines, but to agree with experiment the speed 
would have to be greater in the denser medium than 
in the rarer. 

@ 202. The problem to find change of action as 
depending on change (nowhere finite) of the mode 
of passage from one given configuration to another 
(restricted by the condition already mentioned), is ex- 
pressed mathematically by 

3A = 6/3msds = 8/3m(xdx +ydy + 2dz), 
while T = 338? = 43m(4? +4? +22) =H—V, 
H being the constant energy of the system, and the integral 
being taken between limits supplied by the two given con- 
figurations. 

The first equation gives 

8A = /am(dxd% + dydy + dzd3 + eddx + yddy + dbz) 
= rm(sde+... ) +/2m(dxde + dysy 
+ dxbz — dba — dysy — dz8z) 
by partial integration. But the integrated part 
Xm(xda + ydy + 252), (A) 
obviously vanishes at both limits, because the initial and 
final configurations are given. 

If we now take the corresponding variation of the ex- 
pressions for the kinetic energy, we have 

8T = 3msd53 = 2m(aHda + Ydy + 262), 
from which we haye 

JS %m(dxbi + dydy + dz82) = /sTdt. 
Also we have 

disx + dydy + dzb2 = (Xda + iby + Zz) dt ; 
so that finally 
5A =fit[ sv — 3m(xba + dy + x62) |, 

which so far is a mere kinematical result. But it can be 
rendered physical by putting —éV for 8T, in accordance 
with the above condition. This we will suppose done. 

If now we desire to make 6A vanish, so as to obtain what 
is called the “stationary condition,’ we must make the 
factor in square brackets in the integral vanish; i.¢., we 
must have 


Change of 
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=m(wda + dy + 282) +8V=0 


for all admissible simultaneous values of 62, dy, 52 for the 
various particles of the system. But this is precisely the 
general equation which, as we found in ¢ 199 (1), deter- 
mines the undisturbed motion of the system. 

3 203. The expression 5A = 0 really signifies 
that any infinitesimal change from the natural 
mode of passage produces an infinitely smaller 
change in the corresponding amount of the action between 
the terminal configurations. 

7204. It will be noticed that the essential 
characteristic of the modes of passage consid- 
ered in this investigation is that all shall have 
the same terminal configurations, and that the system 
shall always have the same definite amount of energy. 
All, except the natural mode of passage, in general require 
constraint in order that they may be deseribed. Hamil- 
ton’s grand extension of the subject depended on compar- 
ing the actions in a number of natwral modes of passage, 
differing from one another by slight changes in their ter- 
minal configurations, and slight changes in the whole in- 
itial energy. 

In this new form of statement the unintegrated part of 
the expression for 5A vanishes, since all the modes of pas- 
sage contemplated are natural. The alteration of the whole 
energy, however, adds a special term to the equation, and 
we can at once write, from the expression (A) % 202, the 
equation for the change in the action under the new con- 
ditions, viz., 4 ® 


Stationary 
action. 


Varying 
action, 


5A = [Sm(ada + ydy + 262)] + OH, 


the part in brackets having to be taken between limits 
corresponding to the terminal configurations, and the vari- 
ations 6a, dy, 62 at these being subject to the conditions of 
the system. 

We cannot here consider this equation in its general 
form. We content ourselyes with the simpler special de- 
ductions from it required for completing our sketch of 
Kinetics of a Particle. 

The last given equation, written in full for a single par- 
ticle of unit mass, is 

dA = [ada + ydy + 282] — (%Saq + Yodyo + 298%) + HH, 
where %o, Yo, 29 is the initial point, and 2, y, # any other 
point, of the path. Ifthe particles be altogether free, the 
seven variations on the right-hand side are independent 
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of one another; and thus we have.the following remark- 
able properties of the quantity A, regarded as a function 
of seven independent variables (the initial and final co- 
ordinates of the particle, and its constant energy), viz., 


dA dx dA _ dix 
(5) ~ dt? (Gn) =- at? 
dA\ _ dy _ Wo 
(a) a (y= dt’ 
dA) dz dzo 
alee? i) =— dt’ 


(Gh) = 
EL ieee 


From these we gather at once that A satisfies the partial 
differential equations 


dA\?, (dA\?, (dA 
(iz) + (aq) +(e) ~ 2 - - a), 


dA\?, (€A\?, (dA 
+ aya Ye 75) (2). 
es! nla hao 03 = 2(H —V,) (2) 


?205. The whole circumstances of the motion 


ee are thus dependent on the function A, called 
function. by Hamilton the “characteristic function.” 


The determination of this function is trouble- 
some, even in very simple cases of motion; but the fact 
that such a mode of representation is possible is extremely 
remarkable. 

? 206. More generally, omitting all reference to the in- 
itial point, and the equation 7 204 (2) which belongs to it, 
let us consider A simply as a function of x, y, z. Then 

Any function, A, which satisfies the partial differential equa- 


tion 
Yeahs Cs) a. (=) = 
dz dy dz 
dA dA 
dx’ dy 
components of the velocity of a particle in a motion possible 


under the forces whose potential is V. 
For, by partial differentiation of (1) we have 


=2(H—V). (1), 


dA 
possesses the property that oi ae represent the rectangular 


ad (dz, dx pee dV dAdA dA dA. dA aA 
dt a de da ~ dx du® * dy dxdy * dz dxdz’ 
with other two equations of the same form. 
But we have also three equations of the form 
d (dA\ dxd?A dy d?A , dz d?A 
dt (ze ) = at dx? * dt dady* dt dxdz* 
Comparing, we see that 
dx GA dy dA dz_ dA 
dt da’ dt dy’ dt dz 


satisfy simultaneously the two sets of equations, 

2 207. Also if «, 8 be constants, which, along with H, are 
involved in a complete integral of the above partial differ- 
ential equation the corresponding path, and the time of its de- 


scription, are given by 
dA\ dA dA 
(1.) "#7 (ae) “# (as) = © 
where «1, By, « are three additional arbitrary constants. 


For these equations give, by complete differentiation 
with regard to t, 


@A dx @A dy, @A dz _) 

dxda dt ° dyda dt ° dzda dt — 

@A dx @A dy, @Ads_ | ( 
dxdp dt ‘ dydp dt ‘ dzedB dt ara 
aA du @A dy @A dz _, 

dad dt * dydH dt * dzdH dt ~ 


But, differentiating 2 206 (1) with respect to a, 6, H re- 
spectively, we get 
aA dA , dA dA 


a?A \dA 


dada dx * dady dy dads de ~° 

Beh ibe SPR awl deka 

dedeuile © Gadyay apds de 1k aa 
GR GAL Galak) GA ak 

dda dx + dHdy dy * dHdz dz ~ 


d. 
The values of af etc., in (a) are evidently equal respec- 


dA P Se 
tively to those of a3 etc., in (b). Hence the proposition. 


Surfaces of 
equal ac- 
tion. 


2 208. ‘‘ Equiactional surfaces,” 7. e., those 
whose common equation is 
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A=const., 


are cut at right angles by the trajectories. 
For the direction cosines of the normal are obviously 


proportional to 
dA’ dA dA dx dy dz 
(3). (5) (4), that ds, tox ee ae 


Thus the determination of equiactional surfaces is resolved 
into the problem of finding the orthogonal trajectories of a 
set of given curves in space, whenever the conditions of the 
motion are given. 

The distance between consecutive equiactional surfaces is, at 
any point, inversely as the velocity in the corresponding path. 

This may be seen at once as follows: the element of the 
action, which is the same at all points, is vs (where 6s, be- 
ing an element of the path, is the normal distance between 
the surfaces). 

? 209. In consequence of the importance of 
the method we will take two examples of its 
application, First a direct example, then one 
depending on the equiactional surfaces. 

To deduce from the principle of “ varying action” the form 
and mode of description of a planet’s orbit. 


Planetary 
motion. 


d 
In this case it is obvious that — ay represents the attrac- 


tion of gravity(—./r?). Hence the right-hand member of 
% 206 (1) may be written 2(H + 4/r). 
Let us take the plane of zy as that of the orbit, then the 
equation ? 206 (1) becomes 
(u + +) ae 
r 


dA aA\? 
v= (“) 4: (S) = (1). 


It is not difficult to obtain a satisfactory solution of this 
equation, but the operation is very much simplified by the 
use of polar co-ordinates, With this change, (1) becomes 


dA\? 1 {dA\? im 
(“A)'+ (|) =2(H+ 4) Pn b C48 


which is obviously satisfied by 
dA 
Hall constant = a, 


ay : Rog ac (3). 
ia & 
(7%) -2(8+9)- 
Hence A= a0 +/dr/2H + ulr)—atfr? . . . (4) 
The final integrals are therefore, by ? 207, 
(“r) ; Wie dr (5), 
a ee: See ie, —— ceed 10 as 
da f 72/2 + wl) — «?/r? ; 
dA dr 
and ( 3 ) =tte : - (6). 
vine V 20H Ful) — re “4 


These equations contain the complete solution of the prob- 
lem, for they involve four constants, #,,«,H,«. (5) gives 
the equation of the orbit, and (6) the time in terms of the 
radius-vector, 
To complete the investigation, let us assume 

ple? = 1/1, 2H/a? = (e? —1)/l?, 
where / and e are two new arbitrary constants introduced 
in place of « and H, With these (5) becomes 


dr 


ger lava = 1)? + 2llr—1/r2 
dr 


a hes 


or 


-- cose (rh = EEA), 


1 
1+ ecos(@—«a,)’ 
the general polar equation of conic sections referred to the 
focus. 
Also by differentiating (5) with respect to r, we have 
adr 


——— ee 
TV 2 + ur) — a |r? i 
from which, by (6), we immediately obtain 


eS Fig seal 
tte= a ke domi [rea 


This involves, again, the equation of equable description 
of areas. Compare ? 144. 

2 210. In a planet’s elliptic orbit the time is 
measured by the area described about one focus, and ae at 
the action by that described about the other. planet. 

For with the usual notation we have 


7 — 


dA =vds = Ere 
bP 
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by the result of 7 47. But in the ellipse or hyperbola, p’ 
being the perpendicular from the second focus, 

pp’ =+b?, 
Hence 


dA=+ 5 p'ds, 


which expresses the result stated above. 

It is easy to extend this to a parabolic orbit, for which, 

indeed, the theorem is even more simple. 
9211. Unit particles are projected simultaneous- 
(Example. yy and horizontally in all directions from every 
point of a vertical axis, all having the same total energy at start- 
ing ; find the surfaces of equal action. 

We may obviously confine ourselves to a plane section 
through the axis. Let x be the vertical co-ordinate of a 
particle, measured downwards from the level at which the 
common energy is wholly potential, k the co-ordinate of the 
point in the axis from which it was projected. Then we 
have, after the lapse of time ¢, 

a=k+ tgt? ) 
= V 2gkt J 3 
Eliminating t, we have the equation of the parabolic path 


To find the orthogonal trajectory (the meridian section of 

the surface of equal action), differentiate, put — a for pS 
and eliminate k. We thus have 

Boia Ye. y _ Vaty-Va-y 

du 2h e+ yar?—y? Vatyt+Va-y 


or 
— Vat y(da t+ dy) + Vx —y(dx — dy) =0, 
so that 
(a+ y)e ste sy)? = const. 
If we turn the axes through }z in their own plane, the co- 
ordinates being now £ and 7, this equation becomes 
ree ee | 


In fig. 55, AM is the axis. A few of the paths are shown 
by full lines, and two of the sections of surfaces of equal ac- 


Fig. 55. 


tion by dotted lines. These sections indicate cusps lying 
on the line AH, which makes an angle {m with the vertical, 
and is touched by all the paths. The path whose vertex is 
G touches this line in H, and therefore passes through the 
cusps of which the branches are HK and HL. HK belongs 
‘to all paths whose vertices are above G, HL to those (such 
as ML) whose vertices axe below G. 

It is worthy of note that, by the first equations above, 

aty = (V~k+Vig.t)?, 

by the substitution of which in the equation of action we see 
how the time of reaching a particular surface of equal ac- 
tion depends upon the position of the starting point. 

% 212, A very interesting plane example, 
which has elegant applications in fluid motion, 
and in the conduction of electric currents in 
plates of uniform thickness, is furnished by assuming 


A=logr, or A’=0 


Plane 
currents. 
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where r and @ are the polar co ordinates of the moving 
particle. 
In the former, where the curves of equal action are cir- 
cles with the origin as centre, we have 
Che sO) CBN ee We 
dz” 72? dy ¥~ 7? 
so that the paths are radii yectores described with velocity 


1/r, Also we have 
dA\?, (dA\?__ 1 
at—v)=() + (“) ~ 7 
so that the force is central, and its value is 
SONA EE 
dr re * 


In the second case, where the curves of equal action are 
radii drawn from the pole, and 


io tan-1e , 


we haye 

EAS So The AIG es ONE 

dz ~~ 72? “dy Y= 73° 
The kinetic energy is still 1/2r?, and the central force 
— l/r’, but the paths are circles with the origin as centre. 
Thus the lines of equal action and the paths of individual 
particles are convertible. 

We have also, in each of these cases, 


dx dy\ _ 
eal i; (qi) hy 


This shows (as in ? 94) that, whatever be originally the 
grouping of a set of particles moving all according to one 
or other of these conditions, the density at any part of the 
group remains unchanged during the motion. In fact, as 
it is easy to prove, A and A’ are elementary solutions of 
the partial differential equation 


d?A d?A 
dx? dy? SS e el ke ba Se 8 eke (1) ; 
and they are conjugate, in the sense that 
dA dA’ dA dA’ 
dx dy’ dy dx° 


For this reason the paths belonging to the two systems are 
everywhere orthogonal to one another. 

Also, as the differential equation (1) for A is linear, any 
linear function of particular integrals is an integral. Thus, 
for instance, we may take (p being any constant) 

A =logr—pé, 
with '=plogr+ 6. 

These, representing orthogonal sets of logarithmic 
spirals, possess the same properties with regard to action 
as did the concentric circles and their radii, which, in fact, 
are the mere particular case when p= 0. 

? 213. It is easy to give graphic methods of 
tracing these curves of action by means of an 
old process recently much developed by Clerk 
Maxwell. The present example, though a very simple one, 
is quite sufficient to illustrate the process. 

Draw, as in fig. 56, a set of circles whose radii are &%, €24, 
€°4, etc., and a set of radii vectores making with the initial 


, ; a a 
line the successive angles ry, oa 


Graphic 
method. 


35 etc., « being a 


These 
Now sup- 


quantity which may have any conyenient value. 
lines will form a network finer as @ is smaller. 
pose we wish to trace the curve 

A=ne, 
We take the intersection of the circle whose radius is €4 
with the radius-yector corresponding to the angle 


a 
a— 1). 
( ) r 
Thus we have for the value of A at the point of intersection 
=n 
A=loggés4 — 
g DP ? % 


=nae, as required. 


By marking the intersections corresponding to different 
values of s, we have a series of points in the required curve 
which, by adjustment of the value of «, may be made to lie 
as close together as is found necessary for tracing the curve 
of action through them libera manu. 

In fig. 56 portions of three separate sets of mutually or- 
thogonal logarithmic spirals have been traced, by using the 
intersections of the fundamental straight lines and circles. 

We may pursue the subject much farther, by combining 
particular solutions like those given, but taken from differ- 
ent origins. We can afford space for one only. Let P, Q 
(fig. 57) be points on the axis of a, distant a.and — a fro: 


734 


the origin, R any point in the plame of the figure. Let 
PR=r, < RPx=6, RQ=7,, < RQz = 4,. 


Fig. 56. 
Then if 
A=logr—logry, 
A’/=0—6,, 
we must have, not only the equation 
dA, aA _ 
dx? * dy? — 
y 
| 
Q {e) 
Fig. 57. 
satisfied by each of A and A’, but also the conditions 
dA dA’ dA dA’ 
CPE CRE liR ORE 


This follows at once from the fact that all the equations are 
linear. F 

9 214. In fig. 57 we have €4= PR/QR. Hence the locus 
of R is a circle, whose céntre, B, is on QP produced. 

Again A’= < RPx— <4 RQr =< PRQ. The locus of RB 
is, in this case, any circle passing through P and Q. 

These circles evidently cut one another orthogonally in 
R; for BR, which is a radius of the one, is a tangent to the 
other. 

Thus particles moving in a plane, so that the speed at 
any point R is inversely as PR . RQ, may describe circles 
in which PQ isachord. In this case the curves of equal 
action are circles defined by the condition that the ratio 
PR: RQ is constant. Or they may move in the latter sys- 
tem of circles, in which case the former system gives the 
lines of equal action. For the equations in the preceding 
section give 


‘ Cok eal dA'\2 (dA'\2_. 4a? 
02 = + = == oa 
dx dy dx dy ) alee 
from which the conclusion is obvious. 
We may easily extend this example to other sets of 
orthogonal curves whose equations are 
A,=pA+A’, 
Ay’ = — A+ pay, 


where A and A’ have their recent values. 
tend the example by assuming at starting 


Or we may ex- 
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A=mlogr—my,logr,, 

in which case it will be found that we must have 
A’ = m0 —™46;. 
These pairs may again be combined into 
pA+ A’ and —A+ pA’, and so on. 

It will be noticed that in these examples the Analogy 
curves of equal action and the paths of the par- between ac- 
ticles correspond in steady fluid motion to tion and 
curves of equal pressure and lines of flow, and Riera 
in electric conduction to equipotential lines P 
and current lines. In such cases in fact, where there is no 
vortex-motion, the action is closely analogous to what is 
called the “velocity potential”’ in a fluid. 


Generalized Co-ordinates. 


2215. By the help of the result already General- 
obtained in connection with least action, we ized co- 
may easily obtain in a simple, though indi- °™**e*- 
rect, way the remarkable transformation of the equa- 
tions of motion of a system which was first given by La- 
grange. Weare not prepared to give here the transfor- 
mation to Generalized Co-ordinates in its most general 
form; but, even in the restricted form to which we pro- 
ceed, it is almost invaluable in the treatment of the mo- 
tion of conservative systems of particles in which the 
number of degrees of freedom is less than three times 
that of the particles. The one point to be noticed is 
that, when we restrict ourselves to a system of this kind, 
the expression for the kinetic energy, 'T, is necessarily 
a pure quadratic function of the rates of inerease of the 
generalized co-ordinates, This is obvious from @ 19. 
Repeating with generalized co-ordinates the investiga- 
tion of % 202, we have 

A =2/Tdt =/(T + H—V)dt. 
Hence 
sA=/(sT + sH—8V)dt. 

Now let 6, ¢, ¥, ete., be the generalized co-ordinates, and 

we have ae : 

2T = Po? +2006 + ROA . « a) scene 
where P, Q, R, are in general functions of 8, ¢, ¥, 
Rie ie Of course V is a function of 4, 4,y . . alone, 
and does not involve 6, ¢, w, ete. 


Thus we have, writing for one only of the generalized ~ 
co-ordinates, 


OL \ ie; aT dV 
an3/(( a.) + (55) °— (Ge) vo )at+ oH 
_ (at d (dT dv av. 
-3 (“ee )+an—/aes | (4G) — Ge + Ge)” | 


de 
But we saw that, for any natural motion, the unintegrated 
part of 6A necessarily vanishes. Thus,as@,¢,¥ . . . y 
and, therefore, their variations, are by their very nature 
independent of one another, the vanishing of the uninte- 
grated part gives us one equation of motion for each degree 
of freedom, the type being in all of them the same, viz., 


d (dT dT dV 
(Ga) (Ge) + (Gr) =e. 
To exemplify the use of these equations we 
will take again a few of the more important cases 
of constraint already treated, and will then proceed to 
some others of interest as well as of somewhat greater com- 
plexity. 
In the simple pendulum, / being again the length of the 


string, and @ the inclination to the vertical at time t, we 
have obviously 


Examples. 


T =4ml262, V=C—mgl cose. 
Hence 


dT a) fae dv : 
(Gz) = ml76, (=) =0, (37) =mgl sin 6. 


Thus the equation of motion is 
ml26 + mgl sin 6 = 0, 
or 
6+ e singé=0, 

as in ? 134. 

Suppose the same pendulum to be moving anyhow, @ still 
denoting its inclination to the vertical, and ¢ denoting the 
azimuth of the plane in which it is displaced, we have 


T =}ml2(62 + sin20.¢2), V =C—mgl cos 6. 
These give at once 
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(55) =ml%6, (") = ml? sin acose.42,(“-) = mglsiné, 


dT 4 aT dv 
(Jp) =mrsine od, (Gp) = (Gp) —- 
Hence the two equations are 
6 —sin @ cos @.62 + sin o=0, 
eres 
aed 6.6) =0. 
aE (sin26.46)=0 


Still keeping to easy examples, suppose the 


 Pendu- 
lum with cord of the ordinary simple pendulum to be 
exten- extensible, according to Hooke’slaw. Leta be 
—— its length at timet. Then the tension is 


E(A — 1)/l, and the work it can do in contracting 
is the integral of this with regard to A from / to, i.e., 
E(A — 1)?/20. 
V =C + E(a — 1)2/21 + mgacose, 
T = }m(a262 + A2). 
Thus Lagrange’s equations become 


Hence we have 


d 
Gi (A?6) + gd sin @ —0, 


ma — mad? + E(a —1)/l — mg cos 0=0; 
equations which could be obtained immediately from the 
application of the second law, with the help of the kine- 
matical expressions for acceleration perpendicular to, and 
along, the radius-vector of a plane curve (? 47). 

Instead of the complex pendulum treated in ? 177, we 
will now take the case of two masses attached at different 
points to an elastic string, or light helical spring, and con- 
sider their vertical vibrations. 

Let a, ) be the unstretched lengths of the parts of the 
string, M and m the masses. Then if ¢, » be the vertical 
displacements at time t, we have 


T =4(Mé? + m(é + (7), 


E 2 2 
V=5 (= + 7 )— Mat —mg(¢ +») ; 


so that Lagrange’s equations are 
ad : P 
FMé + (+ i) +E — (M+ mg =0, 


Gm(g + %)) + BL —mg=0. 


The equilibrium positions are found by supposing the ac- 
celerations to vanish, so that, if we suppose é and y to be 
measured from them, the terms in g will disappear. Hence 
the solution is of exactly the same nature as that already 
given for an apparently different problem (7 173). 

We may mention that equations practically 
the same as these are obtained when we con- 
sider the motions of a watch and its balance- 
wheel, the watch being supported in a horizontal position 
by means of a wire, and oscillating in its own plane by the 
torsion-elasticity of the wire. The reader of 2 242 below 
will have no difficulty in obtaining this result. It suggests 
a practical method of “setting”? a watch to true time,with- 
out turning the hands forward or backward, and without 
letting it run down. 


The following is a simple, but very in- 


Setting a 
watch. 


Trans- A a 
ference of structive, example of the transference of 
\ energy. energy (back and forward) between two 


arts of a system. , Two bar-magnets of equal mass, 
ae and strength (fig. 58), are supported hori- 
zontally by pairs of parallel 
strings, so that when at rest 
they are in one line. One of 
them is slightly displaced in 
the direction of its length, 
find the subsequent motion of 
both.? 

If we can, by any process, 
find two fundamental states 
of motion which, once estab- 
lished, will be permanent, any 
other possible motion of the 
system will be a superposition of these two. The am- 
plitudes and phases in the components may have any 
values, so long as the whole disturbance is small. 
“This follows from the fact that the system has two 

1 We suppose the bars to be so long, in comparison with the dis- 


tance between them, that we need take account only of the 
action of their poles which are turned towards one another. 


Fig. 58. 


degrees of freedom only,—since we are concerned only 
with motions in the plane of the figure. 

(A) Now one obviously possible motion is a simple 
harmonic vibration of the whole, without change of 
distance between the magnets. ‘The period of this 
vibration is obviously the same as that of either mag- 
net if the other were removed. 

(B) Another obviously possible motion is that in 
which the magnets are, at every instant, equally and 
oppositely deflected. The period of this oscillation will 
be less or greater than that of the former according as 
the poles attract or repel one another. 

Now the initial state of motion proposed evidently 
consists of the superposition of (A) and (B) in such 
a way that there is, at starting, no displacement of 
either mass, but a definite velocity of one of them only. 
This corresponds to simultaneous zero of displacement, 
with equal velocities, for each of (A) and (B). There 
is therefore at that instant no displacement of either 
mass; and one is at rest while the other is moving with 
double the assigned velocity. If 2x/n, 2x/n’ be the 
periods of the two motions, it is obvious that after the 
time z/(n—mn’) the magnets will have interchanged 
their states so that the arrangement will present exactly 
the same appearance as at first, 7f looked at from the 
other side. 


Let a be the distance between the ends of the bars when 
all four strings are vertical. Then, if 6, 6 be at time t the 
inclinations of the pairs of strings to the vertical, a be- 
comes 

D=atl(o-4), 
where / is the common length of the strings. The expres- 
sion for the potential energy due to magnetism is of the 
form »/D, where » is positive if like poles be turned to one 
another. 

Hence A 

T =hml?(62 + 62), 
et ae . 
at+1l(¢—6) 
Forming the equations as usual, and omitting powers of 6 
and ¢ above the first, we have 


V = dmgl (6? + 6?) + 


one, = ay 
mi2-——mgla+ 25(1— 2 (6-6) 


4 a wl, tg 
ml? = — mgld — At ; (o 0) 


from which the results already given may be deduced. 
Finally, let us take the case of Atwood’s ma- a twood’s 
chine (7173) when the masses are equal, and machine. 
one of them is vibrating through small ares. 
Let r, @ be the polar co-ordinates of the vibrat- One mass 
ing mass; then, neglecting powers of @ higher Vibrating. 
than the second, we have the generalized equations 


Qi — 762 =— 1902, 
(026) =— gro. 
Put 4gr for r, and 6 )/2 for 6, and we get 
7— 7162 =— 62, 
a 
r 
Transfer to rectangular co-ordinates in the plane of mo- 
tion, « being vertically downwards; then 


y=—2yla. 


d : 
"i (726) = — 20, 


&=y?|x?, 
This shows that the vertical acceleration of the vibrating 
particle is very small, but constantly downward. Hence 
the energy of the vibratory motion is steadily converted 
into energy of translation of the masses. 

When both the equal masses vibrate through small arcs, 
it is found that the mass whose angular range is the greater 
has downward acceleration with diminishing angular 
range. Hence it would appear that, if the string be long 
enough, the entire motion would be periodic. 

? 216. Before leaving this subject we may form, from the 
complete value of 5A given in last section, the generalized 
equations corresponding to those of Hamilton’s “ varying 
action,” as given in ? 204. 

We have at once 


(we) (as) (ae)= Gas) +» Ca) = 


But, by the value of T, we have 
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ee ) = Qs+Rb+ ae 
etc. = etc. 


These equations give 6, 4, . as homogeneous linear 
functions of 


dT dT : dA dé 
(ar) (3), ... that 1S, of (se) (3), tte Thus, 


if we substitute these expressions in the equation 


er=3| 0{%) J=2 [ «(an ) |: 


which is obviously true, because T is a homogeneous func- 
tion of 4, 4, of the second degree, we have a partial 
differential equation of the form 


dA\?  . ({dd\ {ds dA \? mm ee 
p (Sr) + 24/ do yap) +r(St) CCC =2(H Vs 


from which A is to be found. 

The coefficients p,q,” . . . are, in general, like P, Q, 
Rares «\ eee RURCULONA OLOiO) neg te 

As an illustration, take again the example in last section, 
where two masses are attached to a helical spring, and 
vibrate in a vertical line. From the value of T there given 


we have 
LA iT P 
(s-) = (F) =(M +m) + ma, 
vA i/o : 
(<*) = (=) =mé+ mn. 


From these we have the equation for A 
dA \? 1A 1A dA \? 
m(4e) —2n(% le ) +(M +m) ( ~) =2Mm(H-V). 


dn 
The value of V is given above. This equation is, of course, 
to be treated according to the process illustrated in % 209. 


Sratics oF A Ria Soni. 
2217. A rigid body, as we have already 


Equilib- ° 5 
rium ot seen, has at the utmost six degrees of 
rigid solid. freedom, three of translation and three of 
rotation. According to Newton’s scholium, the con- 


ditions of equilibrium of such a body, under the action 
of any system of forces, are that the algebraic sum 
of the rates of doing work by and against the forces 
shall be ni? whatever uniform yelocity of translation or 
of rotation the body may have. For, if this were not 
so, there would be work done against acceleration, and 
the body would gain or lose kinetic energy. And this 
gain or loss would take place even if the body were 
originally at rest, 7. e., it would not be in equilibrium. 
To ensure equilibrium then, all that is necessary is that 
the sums of the components of the forces in any three 
non-coplanar directions shall vanish, along with the 
sums of their moments about any three non-coplanar 
lines. For simplicity it is usual to assume for these 
directions a system of rectangular axes, and for the 
lines another system parallel to them and_ passing 
through some definite point (say the centre of inertia) 
of the body. 

Thus we have at once 
The six =(X) =0, 3(Y) =0, 3(Z) =0; 
Condinous 5/7), — Vez) —0, e(Xeet Za) 0, 2 Wr Xe) =O, 
where X, Y, Z are the components, parallel to the axes, 
of a force acting at the point a, y, z of the body. If P, 
with direction cosines 2, , v, represent the force acting 
at x, y, z, these equations may be written in the form 

3(Pa) =0, 3(Pu) =0, 3(Pr) =0 

=[P(vy — wz)]=0, S[P(Az—vx)] =0, 2[P(ua—ay)]=0. 
These equations correspond to the six degrees of free- 
dom involved. 

It is easy to see that it is a mere matter of convenience 
through what point of the body we draw the lines about 
which moments are taken. For, if we shift it by quanti- 
ties a, b, c respectively, the moments become 

3{Z(y—b) —V¥ (z—c)}) ete.; 
but these are %(Zy—Yz) —b3(Z) + c3(Y), ete.; 
and, by the first three equations, these quantities are seen 


to reduce themselves to their first terms. Hence, in 
forming the equations of equilibrium, simplicity will 
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be gained by choosing as origin a point through which the 
line of action of one or more of the applied forces passes. 
Again, the point of application of any one of the forces 
may be shifted at will anywhere along the line in which 
the force acts. For the equations of the line in which the 
force at x, y, z acts are 
Slane) | yl = yee ae 
p: Times Gig men a, 
Zy' — Ye! = Zy — Yaz, ete., 
so that the expressions for the moments are unaltered if 
the point of application of the force be shifted to any posi- 
tion along the line in which it acts. 


#218. In the great majority of treatises on Statics 
the fundamental propositions of the subject, above 
given, are deduced from the assumption (as a thing to 
be proved experimentally) of the result just estab- 
lished, which is designated the “principle of the 
transmission of force.’ Along with it are assumed 
the parallelogram of forces, and the principle of the 
‘superposition of systems of forces in equilibrium.’’ 
Since ike publication of the Principia, the continued 
use of such methods must be looked upon as a retro- 
grade step in science. 

@ 219. Roars this category we cannot quite 
except (so far at least as the usual modes 
of treating it are concerned) the valuable idea of the 
‘“couple,’’ due to Poinsot. But the term is in such 
common use, and the idea in its applications sometimes 
of such importance, that it cannot be omitted here. 

A couple is a pair of equal forces acting on the same 
body in opposite directions and in parallel lines. 

From the general conditions already given we see 
that a couple produces a definite moment of force about 
a particular axis, but that the axis is determinate 
merely as regards direction, and not as regards position 
in space. The forces of a couple do not appear in the 
first three of the equations of equilibrium. On the 
other hand, the left-hand members of the other three 
equations may all be regarded as moments of couples. 
Al the properties of couples are contained in these 
statements. Thus, for instance, it is obvious that, so 
far as its effects are concerned— ' 

1. A couple may be shifted by translation pyansfor- 
to any other position in its own plane. ence of 

2. It may be shifted to any parallel plane, couple. 

- In either of these it may be turned through any 
angle. 

4, Its forees may be increased or dimin- 
ished in any ratio, provided the distance 
between their lines of action (which is 
called the ‘“‘arm’’ of the couple) be proportionately 
diminished or increased. 

A couple is therefore completely deter- 
mined by means of its ‘‘axis,’’ which is a 
line drawn perpendicular to it’ plane, and 
of length representing its moment. And two couples 
are obviously to be compounded by treating their axes 
as if they were forces acting at one point. 

2 220. We will now examine the conse- 
uences of the six conditions of equilibrium 
2 217) in some of the more common cases 

which present themselves. But, before 
doing so, itmay make matters clearer if we 
restate these conditions in a somewhat different form. 

The resultant of any number of forces, acting at any 
points of a rigid body, may be represented by a single 
force acting at the origin, and a couple of definite mo- 
ment about a definite line passing through the origin. 

For equilibrium of the body this force and couple 
must separately vanish. 


and these give 


Couple. 


rm of 
couple. 


Axis of 
couple, 


Reduetion 
of a system 
to a force 
and a 
couple, 


Thus if, in fig. 59, P, acting 
at Q, be any one of the forces, 
and O the origin (chosen at 


a P random), we may introduce at 
_—P 0 O a pair of equal and opposite 
forces + P, parallel to P. The 

origina! force, taken along with 

Fig. 59. —P at the origin, gives a 
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couple; and in addition there is+ P acting at the 
origin. 

@ 221, When only two forces act on a body, the first 
condition above shows that they must be equal and op- 

osite, and the second that they must act in the same 

ine, if they are to maintain equilibrium. When only 
three forces act, the first condition shows that their 
directions must lie in one plane, the second that their 
lines of action must be parallel or must meet in one 
point, if they are to maintain equilibrium. 

If their directions meet in one point we have again 
the problem of the equilibrium of a single particle 
under three forces; for there can be no moment about 
this point. 

When the directions are parallel, one of the forces 
must obviously be equal to the sum of the other two, 
and must act in the opposite direction. Also its line of 
action must lie between those of the other two, for their 
moments about any point in it must be equal and oppo- 
site. Hence it is impossible that any single force should 
balance a couple, unless we adopt the mathematical fic- 
tion of an infinitely small force acting in a line every- 
where at an infinite distance; so that its moment may 
be finite, and equal and opposite to that of the couple. 

@ 222. When any number of parallel 
forces act simultaneously on a rigid body, 
their resultant is a single force equal to their 
algebraic sum, with a couple whose plane is obviously 
parallel to the common direction of the forces. The 
forces of this couple may be made, by lengthening or 
shortening the arm, equal to the resultant force. One 
of them will neutralize it, and the other remains the 
final resultant, which passes through a definite point 
called the ‘‘ centre of parallel forces.’’? Thus 
any set of parallel forces necessarily has a 
single force as a resultant, excepting in the special 
case when their algebraic sum is zero. 

2 223. Kixcellent examples are furnished 
by heavy bodies of moderate dimensions, 
where the weights of their parts are forces practically 
in parallel lines. The single resultant force, in such 
cases, is the whole weight of the body. Its direction 
always passes through the centre of inertia (? 109) be- 
cause weight (in any one locality) is proportional to 
mass. or this reason all heavy bodies of moderate 
dimensions are said to have a ‘‘centre of 
eravity,’’ which coincides with the centre 
of inertia. But it must be noticed that the 

two ideas are radically different, and that, while every 
piece of matter has a true centre of inertia, it is, in 
general, only approximately that we can predicate of it 
that it has a centre of gravity. In fact a body has a 
“true centre of gravity only when it attracts, and is at- 
tracted by, all other gravitating matter as if its whole 
mags were concentrated in that point. See PorENTrAL. 
When there is a centre of gravity in a body, it is neces- 
sarily coincident with the centre of inertia. In gravita- 
tion cases, where bodies of moderate size are concerned, 
the resultant is, at least approximately, a single force. 
But, when we deal with large non-barycentric bodies 
like the earth, we find that the resultant of the sun’s 

attraction is a force (determining the orbit) and a 

couple (producing precession, etc. ). 

hen a mass is laid on a three-legged table, we find 
the pressure which each leg supports by simply taking 
moments about the line joming 
the upper ends of the other two. B 

The leg is thus seen to support 

a fraction of the weight of the 

mass, whose numerator is the 

distance of the centre of gravity 

of the mass from this line, and 

its denominator the distance of @ 

the lee from the same line. 

Thus we have a physical proof 

of the geometrical proposition 

that if any point, P, be taken 

in the plane of a triangle ABC (fig. 60), and perpen- 
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Parallel 
forces. 


“Centre.” 


Gravity. 


Centre of 
gravity. 


Fig. 60. 


| may be reduced to a single force, acting in 
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diculars be drawn from it and from the angles, we 
have 
Pa 


Pa Py 
Aa’ Bot Cet 

If the mass of the table is to be reckoned, P must be 
taken as the centre of gravity of the system of table 
and load together. If the table be of uniform material, 
triangular, and supported by legs at its corners, similar 
reasoning shows that when it is unloaded (or loaded at 
its centre of gravity) each leg supports one-third of 
the weight. 

@ 224. Examples in which the resultant 
is a single couple are found in rigidly mag- 
netized bodies placed in a uniform magnetic 
field. As the amounts of N. and S. magnetism ina 
body are always equal, there is no force of translation 
in a uniform field. The resultant couple depends for 
its magnitude on the orientation of the body, and the 
positions of equilibrium are those for which its moment 
vanishes. 

? 225. Let P at z, y, z, be one of a system of parallel 
forces, their direction cosines being A, », v. Let Q be the 
resultant force, and R, with direction cosines d’, u’, v’, the 
axis of the resultant couple. Then our conditions become 

Q= =(P), 
NVR = 3[P(vy — w2)], wR =S[P(Az — va)], »’R = 2[P(ux —ay)]. 

The last three equations give the following conditions 
determining R, A’, wu’, v/:— 

VR + a=(Pz) —v3(Py) =0, 
—A(Pz) +u/R +r38(Px)=0, 
4+a2x(Py) —u2(Px)+/”R =0, 
From these we have the equation of condition 
AN + wp! + vy! = 0, 
showing that the axis of the couple is at right angles to the 
common direction of the parallel forces, 
We have also 
R?= (2(Pz))?+ (2(Py))? + (2(Pz))? 
— (A3(Px) + w3(Py) + v3(Pz))?. 
This expression is of the same form as that in ? 77, and we 
therefore conclude that, if.a’’, »’’, v’’ be the direction 
cosines of a line in the body such that 
Ps x yl! 


=(Pz) 7 i? 


Resultant 
a couple. 


3(Py)~ 3(Pz)’ 
the magnitude of the resultant couple is directly as the 
sine of the angle between this line and the common direc- 
tion of the parallel forces. In fact the mere form of the 
three equations above proves this result. 

In the case of a body of moderate dimensions, acted on 
by gravity, P is the weight of the element at 2, y, z, and 
therefore proportional to its mass, so that if the centre of 
inertia be taken as the origin we have 

a(Pa)}= 0, 3(Py) =0; =(Pz)=0, 
and there is no couple. The whole effect is therefore the 
same as if the mass were condensed at the centre of in- 
ertia. : 

In the case of a magnet, 
and there is no translatory force. The couple, as we have 
seen, depends upon the orientation of the body as regards 
the direction of the line of the earth’s magnetic force. 

2 226. We have seen that any system of Reduction 
forces acting on a rigid body may be re- to two 
duced to a force and a couple; also that '°¢* 
when the force is in the plane of the couple the result- 
ant can always be put in the form of a single force 
acting in a definite line in the body. When the force 
is not in the plane of the couple, we may resolve the 
couple into two components, the plane of one being 
parallel, of the other perpendicular, to the force. The 
first, when compounded with the force, merely shifts 
the line in which it acts. Thus any system of forces 


a definite line called the ‘central axis,” (ent?! 
and a couple in a plane perpendicular to it. 

One of the forces of the couple may now be com- 
pounded with the single force, and thus we obtain, ag 
the resultant of any system of forces, a pair of forces 
in non-intersecting lines not perpendicular to one 


another. This is only one of an infinite number of- 
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ways in which fancy, or convettience, may lead us to 
represent the equivalent of a group of forces. Many 
very curious theorems have been met with in investi- 
gations on this subject. For instance, by compounding 
one *of the forces of the resultant couple with the 
resultant force (not now necessarily perpendicular to 
its plane) we have a system of two forces acting in non- 
intersecting lines. Then we have the following curious 
proposition, which may easily be proved from the form- 
ulee already given :— 

When a system of forces 7s reduced in any manner 
whatever to two, the volume of the tetrahedron of which 
these are opposite edges is constant. 

2 227. The most symmetrical pair of re- 
sultant forces is found thus. Take any 
point P (fig. 61) in the central axis, and 
draw through it a line 
APA’, perpendicular to it, 
and bisected at P. Sub- 
stitute for the single force 
at P its halves acting at A 
and A’ respectively. Com- 
bine these respectively with 
the forces AQ, A’Q’ of the 
couple when AA’ is made 
its arm. The system is thus 
reduced to two equal forces 
AR, A’R’, whose directions are interchangeable by a 
rotation of two right angles about the central axis. 


Symmet- 
rical re- 
duction. 


i) 


Fig. 61. 


General Let P with direction cosines A, », v be one 
reduction. of the forces, and let 2, y, z be its point of ap- 
plication. Then 


X=X(Pa), Y==(Ps), Z==(Pr) 
are the components of the single force at the origin. 
Also L=23[P(vy—pz)] 
M = 3[P(az — v2) ] 
N = =[P(ur—dy)] 
are the components of the resultant couple. 


If we shift the origin to the point a, b, ¢ the first three 
quantities are unaltered, but the couples become 


L’/=L+cY—bZ, 
M’=M+aZ—cX, 
N’=N+0X—ayY. 
‘The point a, b, ¢ is on the central axis if the axis of the 
resultant couple be parallel to the single force, 7. e., if 


ie Ml See 
X = ¥ = 7 = & suppose; 
or L= eX—cY+0Z, 
M= cX +eY —aZ, 


N =—0X+aY + eZ. 


Either of these sets gives the equations of the central axis. 
The resultant force and couple are in one plane, and 
therefore the resultant is a single force in the central axis, 
when 
L’/X +MY +N’Z=0. 

By the values of L’, M’, N’, above, we see that this is 

equivalent 
LX+MY+NZ=0. 

When this last condition is not satisfied, we see that the 
value of the left-hand member which, from the way in 
which it occurs, must obviously be an invariant, is 

e(X2+ Y2+4 Z2), 
where e has the same value as in the three equations 
above. 

2 228. One of the most remarkable of 
the many curious theorems connected with 
the single resultant of a system of forces is 
that of Minding. We have seen that, in general, the 
resultant may be put in the form of a single force and 
a couple in a plane Pee to it. If we now 
suppose the system of forces to be shifted into a new 
position such that their points of application, their 
magnitudes, and the angles between their directions 
two and two, all remain unchanged, the resultant force 
will be of the same magnitude as before, but the couple 
will in general be different. Of the infinitely infinite 
number of possible positions which the forces may 


Minding’s 
theorem, 
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assume, an infinite number correspond to a zero couple. 
Minding has shown that the lines of action of these 
single resultants consist of all lines passing through 
each of two curves, fixed in the body, an ellipse and an 
hyperbola, in planes perpendicular to each other. The 
proof of the proposition gives an interesting example 
of the use of Rodrigues’s co-ordinates (2 83). 


The most obvious mode of attacking this question would 
be to resolve the applied forces into three groups, parallel 
respectively to three rectangular axes which revolve with 
them, and to choose those axes so that the sum of the re- 
solved parts does not vanish parallel to any one of the 
three. Each of these systems of parallel forces has its own 
“centre” (¢ 222),—so that the final resolution gives three 
forces, each of a given magnitude, acting in any mutually 
perpendicular directions at three definite points in the 
body. This, however, is not analytically so simple as the 
following. 

We refer the body to fixed axes Ox, Oy, Oz, to be after- 
wards specified. As the origin and the directions of these 
axes are at our disposal, we may impose six conditions. 
Now suppose the forces to be resolved parallel to a set of 
rectangular axes Ow’, Oy’, Oz’ which will be considered 
afterwards to rotate with them. Such a system of axes 
may, at starting, have any assigned position. This gives 
us three conditions more, Let then A, B, C be the com- 
ponents, parallel to the second set of axes, of the force ap- 
plied at the point whose co-ordinates referred to the first 
system are a, b,c. Let the direction cosines of the second 
system in any of its future positions, referred to the first 
system, be 1,, my, 13 12, Mo, N23 1g, Mg, Nz respectively. 

Then the force at a, b, ¢ has the following components :— 

Al, +Bl, + Cl3, parallel to Oz, 
Am,+ Bm,+ Cm;, ‘ “iO 
An; + Bnzg +Cnsg, Se eae 

The expressions for the resultant force and couple at the 
origin will evidently depend upon the following twelve 
quantities, besides the direction cosines, viz :— 
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(Aa), 3(Ab), (Ac), 

=(Ba), =(Bb), =(Be), 

(Ca), %(Cb), %(Cc). 
Assume =B=0, 3C=0, 7. e., let Ox’ be always parallel to 
the direction of the resultant force. Next, let 

(Aa) =0, (Ab) = 0, 3(Ac)=0, 

i. e., let the origin be chosen as the “‘centre” (? 222) of the 


forces parallel to the resultant force. As we have still four 
conditions to impose, we select the following :— 


=(Ba) =0, =(Bce) =0, =(Ca) = 0, =(Cb) = 0. 
These express that the plane of the couple due to the forces 
C passes through Oy, while that of the forces B passes 
through Og. 
Write now 
2(A) =, 3(Bb) = Ag, 3(Ce) = By. 
The force and couple at the origin are 
Aly, amy; any, 
A(noB—msy), Alsy, —AloB. 
These are equivalent to a single force if (? 227) 
(Lyng —Myly)B — (1ym3 — Myl3)y=0, 
or MgB — Moy = 0) A ke selene neuen ())s 
This is the required condition. When it is satisfied, the 
equations of the line in which the single force & acts are 


any two of 
NyN—M1o= N_B—Msy, 
14g — nye = Is, Came , 1h (2), 
msé—lyn = —1,8 


the condition that these three agree being (1). 
Eliminate 1, between the last two, and we get 


E(m16— yn) =l3yn — 1,85 (8). 
Now introduce in (1), in the first of (2), and in (8), 
Rodrigues’s values of the cosines (? 83), and they become 
respectively 
(yz —wx)B — (yz + wa)y = 0, 
(wz — wy)n — (wz + xy)$ = (yz + wx)B — (yz —wa)y, 
Sé(we + ay) — En(az — wy) = (x2 + wy)yn — (zy — wz)BS. 
Rearranging according to y, 2, and yz, 
(8 —y)ye—(B+y)we =0, 
(B—y)yz + (wn + #8)y — (7 —we)z + (8B +y)we=0, 
[s(é + B)a + n(§—y)wly + [6(¢ —B)w — nl + y)e]z=0, 
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the second of which may be put, by means of the first, in 
the form 

(wy + x$)y — (an — wée)z + 2(B + ywr = 0. 
These three equations involve w, x, y, z in the form of the 
ratios only of the last three to the first. The last two are 
y 


linear in fai ap Solving them, and substituting in the 


first, we find, finally, a biquadratic in = - 
Hence, if particular values be assigned to &, n, ¢, we find 
four values ae Thus, in general, there are four positions 


or the single resultant force passing through any point. 

But, without forming the biquadratic, we may easily ob- 
tain Minding’s theorem. Suppose we seek the locus of all 
points in which the plane & can be cut by the line of ac- 
tion of the single force. We have ¢=0, and the equations 
above are reduced to 


(B—y)yz—(B+y)we =0, 

n(wy — wz) + 2(B + y)wx = 0, 

(€—y)wy—(E+y)az =0. 
From the last two we find 


—yne = (8 + )(E— y)w, 

—yny = (B+ y)(§ + y)a, 
so that finally, by the first, 

(B? = y7)(€? — y?) = y?n?, 
or 


(4). 


Had we put 7=0, we should have found, by a similar 

process, 
2 ¢2 “2 
pi + gz—yi—t A CLT? MORLT Aiea tas (33 }' 
(4) and (5) represent an hyperbola and an ellipse, or an el- 
lipse and an hyperbola, respectively, accorditig as p? is 
greater or less than y?. In either case the vertices of the 
hyperbola coincide with the foci of the ellipse ; so that the 
two curves are linked together. 

It is now easy to see that, from any assigned point of 
space, the two curves will appear to intersect one another 
in four points. Two, or all, of these may in special cases 
coincide. Lines drawn to these points give the four posi- 
tions of the single force which can pass through the as- 
signed point. 


Examples of Statical Methods and Theorems. 
2 229. Suppose a ladder to be leaning 


Ladder , JO, 
leaning against a vertical wall. If there be no 
i friction, what force, applied at the lower 


end, will just suffice to support it? 

In the treatment of all questions of this kind the 
student should commence by making a rough sketch 
of the situation, indicating all the 
forces concerned, with the direc- 
tions in which they act. As shown CG 
in fig. 62, the wall exerts an out- S 

. ward thrust 8 on the upper end of 

the ladder, the ground an upward 

thrust R, on the lower end. The 

only other force is gravity, which R 
may be supposed to produce a 

downward force at the middle of 

the ladder, equal to its whole 

weight. Unless there be some E 

other horizontal force to balance Ww 

§, the ladder will obviously slide 
down. Suppose then a horizontal 
force F to be applied at the lower 
end, and let the ladder be inclined 
at an angle & to the horizon. Then our conditions 


Fig 62. 


become 
horizontally S— F=0, 
vertically W—R=0 


and for the couple in the plane of the figure, 7 being 
the length of the ladder, 


4W/ cosa — Si sin « =0. 
[The last equation is obtained by taking moments 
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about the lower end of the ladder, this point being 
chosen (2217) because the directions of two of the 
forces pass through it.] From these equations we 
find at once 

F=S=3Woeote. 


It is to be observed that the requisite force F is very 
small while the ladder is nearly vertical, but increases 
without limit as it becomes more nearly horizontal. 

7230. Next let us vary the question by 
supposing the coefficient of friction on the pepe 
ground to be w The equations are pre- 
cisely the same as before, and the limiting value of « 
for which equilibrium is possible is now to be found by 
putting 


Thus 


F=.p.R=2W. 


2u = cota 


gives the smallest value of # for which equilibrium is 
possible. For any larger value of ~ less friction is 
called into play. 

% 231. If next we assume the wall also to be rough, 
a new friction force, G, comes in. The equations (for 
any given value of «) are 

S—F=0, 
W-R-G=0, 
SWI cos « — Sl sin « — Gl cos « = 0. 


Here there is a certain amount of indeterminateness 
which our formulze cannot escape (although of course 
it does not exist in nature) so long as we are not dealing 
with the limiting case in which motion is about to com- 
mence. In that case we have the additional conditions 


G=.LS, F=.R. 


Thus, in all, there are five equations. These are requi- 
site and necessary because there are four forces 8, G, 
R, F to be determined, as well as the special value of 
the angle «. The result of eliminating the four forces 
is 

—p 2 


3 
tan «== 
2u 


@ 232. We may still further vary the Manon 
question by supposing a man of weight w ladder. 
to ascend the ladder. Let e represent the fraction of 
the ladder’s length which he has ascended. The equa- 
tions are 
8-F=0, 
W+uw—R-G=0, 

(SW + ew)lcosa;—Sisin #,; — Gleos a, =0. 
Introducing the condition that slipping is just about to 
commence, we obtain 

w (1+ ?)e — p? 


tan a4 a phd ea 
tan «@ 1 w 
TW 


where has the value given in 231. Hence the limit- 
ing angle is increased or diminished by the load on the 
ladder according as 


34 
21+ w?)e—Qu2 z 1l—p?, 
en Qe 71. 
ee 


The ratio w/W does not appear in this condition. But 
. ole its importance when e is either greater or less 
than 3. 

Hence, when the ladder is just about to slip, a man 
makes it more stable’ if he stands anywhere on the 
lower half of it, but brings it down if he mounts higher. 
We conclude that, so far as sliding is concerned, it 1s ad- 
vantageous to make the lower half of a ladder more 
massive than the upper half. 

@ 233. Suppose a ladder, with its lower end restin 
against a wall, to be supported by a horizontal ee 
parallel to the wall (fig. 63). This case is chosen be- 
cause it illustrates definite limits within which stability 
is ensured. i 
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Let a be the half length of the ladder, « its inclination to 
the horizon, 6 the distance of 
the rail from the wall. Sup- 
pose the ladder in such a po- 
sition that if there were no 
friction it would slip down- 
wards. Then the equations 
of equilibrium are 

R+Geosa—Ssine=0, 
F+Scosea+Gsina—W=0, 
Sb sec « —Wacosa=0. 

In the third of these equa- 
tions the lower end of the 
ladder has been chosen as the point about which mo- 
ments are taken, because the lines of action of three 
of the forces pass through it. Here again there is in- 
determinateness, because there are two places at which 
friction comes in, and we do not know at which it is 
most freely exerted. But if the whole be on the point 
of slipping, we have as before the additional data 

e 
F=.R, G=s,S. 
These lead to the equation 


Fig. 63. 


F b 
(1— 2) cos @ + Qu sin « mens sec? a. 


If we introduce an angle », such that 


cos Laps sin sia 
08S vy = =— sinv= 7 
> aeadigh OME? 1+p?? 
this equation becomes 
b b v 
Ss? a —y)<—— —= = — cos? —— 
cos? @ cos(a —v) a+ a3) . co Q? 


the right-hand member of which must necessarily be 
less than 1. 

This determines the lowest position of the lower end 
consistent with equilibrium, and the mere change of 
sign of «, and therefore of v, alters it into the equation 
for the highest. The signs of the friction terms are 
changed when the direction of slipping is supposed to 
be reversed. 
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Rotation of  % 234. The motion of a rigid body is, as 
rigid solid. we have seen, completely determined when 
we know the motion of one of its points and the rela- 
tive motion of the body about that point. The point 
asually chosen is the centre of inertia of the body, and 
the investigation of its motion comes under the kinetics 
of a particle, which we have already sufficiently dis- 
aieee For we are permitted to suppose the whole 
mass to be concentrated at that point, and to be acted 
on by all the separate forces, each unaltered in direction 
and magnitude. Hence we may now confine ourselves 
to the study of the motion about the centre of inertia 
which, for the moment, we may look on as fixed. 

To illustrate, in a very simple manner, the new con- 
ceptions which are required for the study of this ques- 
tion, let us take a uniform circular ring of matter, of 
radius R, revolving with angular velocity © about an 
axis through its centre, and perpendicular to its plane. 
Its moment of momentum is obviously 

M.Rw.R or MR?.o, 
Its kinetic energy is 
4M(Rw)? or 3MR?. w?. 
If it be acted on by a couple ©, in its plane, O is the 
rate of increase of the moment of momentum, or 
MR? .® =C, 
The work done by the couple in time d¢ is 
C wit, 
and the increase of kinetie energy is 
MR? , wordt, 


By equating these we have (after dividing both sides 
by o) the same equation as we obtained from the rate 
of increase of moment of momentum. It will be ob- 
served that these equations are of exactly the same 
form as those for the motion of a particle parallel to 
one of the co-ordinate axes, only that o takes the place 
of a velocity (such as @) while the expression MR? takes 
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the place of M, and the right-hand side is the moment 
of a force, not a force simply. 

2235. Hence, generally, we define as fol- Moment of 
lows :— inertia. 

Der. The ‘‘moment of inertia’? of a body about 
any axis is the sum of the products of the mass of 
each particle of the body into the square of its (least) 
distance from the axis. 

The following theorem enables us at once to find the 
moment of inertia about any line, as axis, from that - 
about a parallel axis through the centre of inertia, 

Let the line be chosen as the axis of z, then the moment 
of inertia about it is 

xm(a? + y?), 

But, if %, 7 be the co-ordinates of the centre of inertia, 
f, » the co-ordinates of m with reference to that centre, we 
lave 

=E+8, y=J9tn, 
and the above expression for the moment of inertia, be- 
comes 

Sm(E? + 7? + WE + Wn + £2 +77). 
By the property of the centre of inertia, 2 109, 
X(mé) =0, 3(mn) = 0. 
Hence the above expression consists of two parts: 
=m(£? + y?) 

the moment of inertia about a parallel axis through the 
centre of inertia, and 

S(m) . (2? + 9?) 
the moment of inertia of the whole mass supposed concen- 
trated at its centre of inertia. 


_ @ 236. Hence we need study only the moments of 
inertia about axes passing through the centre of inertia. 
But we will commence with an origin assumed at 
hazard. 

If the direction cosines of an axis through the origin 
be A, #, v, the square of the distance of the mass m at 
a, y, 2 from it is ‘ 

xv? + y? + 22 — (Aw + wy + v2)?. 
Hence the moment of inertia is 
Y= mx? + y? + 22 —(Aw t+ py + v2)?) 
= Sm((y? + 22)A2 + (2? + ©?) 2 + (a? + y?) v2 
— QvydAm — QWyzuv — Qzava)), 
which may be written 
Y = Ad? + 2GgAu + Bu? + 2G, uv + 2Aovd+ Cy? , 
If we measure off, on the axis, a quantity p whose 
square is the reciprocal of 4, and call its terminal co-or- 
dinates £, 7, ¢, this equation becomes by multiplying 
both sides by p?* 
1 = Ag? + 2Ggéy + Bn? + 2G,ng + 2G,66 + Ce? 
As the moment of inertia is essentially a positive 
quantity, this equation represents an ellipsoid. It 
must of course have three principal axes; and, when 
these are taken as the co-ordinates axes, the terms in 
&, mn, and ¢é in the above expression must disappear. 

4.237. Hence at every point of every rigid Prineipal 
body there are three “ principal axes’’ of reper 
inertia, at right angles to one another. One “7° 
of them is the axis of absolute maximum moment, 
another that of absolute minimum. 

Our equation now becomes, when referred to these axes, 

1 = Ag? + By? + C2, 
or dividing by p?, 

Y= Ad? + Bu? + Cv?, 
Thus the moment of inertia about any axis is found from 
those about the principal axes at that point by multiplying 
each by the square of the corresponding direction cosine, 
and adding the results, 

For the quantity A was written originally as 

Zm(y? + 22) , ° 
i. e., it is the moment of inertia about the axisof a Wesee 
also that, at every point of a body, there are three rectan- 
gular axes such that the expressions 
(may) , (myz) , (mea) 
vanish when these are taken as co-ordinate axes. 
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Distribution _ To find how these axes are distributed in a 
of principal body, let us suppose it referred to the principal 


axes. axes through its centre of inertia, and let Mk?, 
postr a Mk3, Mk2, be the moments of inertia about 


them. The quantities k,, k,, k3 are called the 
principal “radii of gyration.” Then, by the results above, 
the moment of inertia about a line A,y, v through the point 
a, B, y is 
O = M{a? + p2+ y? — (Aa +B + vy)?} 
+ M (A2k? + 42h3+ v2k3). 
For a principal axis this is to be a maximum or mini- 
mum, with the sole condition 
. AP 4 42+ y2 =1, 
Hence, if p be an undetermined multiplier, we have 
(ki + p)A — a(ar + Bu + yv) =0, 
(k3 + p)u — Bod + Bu +yv) =0, 
(ki + p)v — y(arA + Bu + yv) =0. 
But, if we consider a surface of the second order 


gy y? 22 
+p tBtp et+p » 
confocal with the ellipsoid 
lala aid og 
ee: ae (a), 
the direction cosines of its normal at a, y, z are 


A . . * % ° — y — & 
Mee ee ty’ hee +p ‘ket+p 
Hence, if this surface pass through the point «, B, y, we 
haye 


(k? + p)A = Pa, 

(kp + p)u = PB, 

(kj +p)v=Py, 
where P is determined by the equation 

Edel cee aie tiie) AE 
kit+p kp +p" ky+p) ~* 
Substitute this value of P in the preceding equations, and 
they become identical with those above given for deter- 
mining the principal axes at a, 8, y. Hence Binet’s the- 
orem :— 

The principal axes at any point of a body are normals to the 

three surfaces of the second order which pass through that point 
and are confocal with the ellipsoid (a). 
238. We will here tabulate the values 
moments of the moments of inertia about principal 
of inertia. gxes through the centre of inertia, ina few 
specially useful cases. 

1. Plane uniform circular disk. 

Divide it into concentric rings, of radius r, of breadth 
ér. Then the moment of inertia about the axis through 
the centre, and perpendicular to the plane, of the circle is 


a 
o, 2Qri3dr = tratp, 
P/O 


where a is the radius, and p the mass of a square unit, of 
_ the disk. - 


But the mass is wa2p, 
s0 that ki = fa?. 
This of course, applies fo a circular cylinder. 
‘in the disk 


ad + Bu + w =P ( + 


Principal 


Obviously, 


kj = kj = 4ki = 407, 
In fact the moment of inertia about an axis drawn perpen- 
dicular to any plane figure at any point is equal to the sum 
of the other two about rectangular axes which lie in the 
plane. The one is 3m(x? + y?) and the others are mx? and 
amy? respectively. 
2. Uniform rod of length J, p mass per unit length. 


M=lp, Mkj=0, Mk} = Mk? = 2p ‘ 
so that k2=k? = 217. 
3. Uniform rectangular plate, sides a and 6, axis parallel 


to b. 
a 
Mk? = 26, 2 ash 
y " ve x2dg = q2° 
so that ki = pya?, and hk? = 7yb?. 


Hence, by the remark above, 
k3 = py (a? + 2), 
4, Uniform sphere, radius a, p mass per unit volume, 
‘Here : 
= (ma?) = =(my?) = 3(mz?), 
and therefore the sum of any two is 
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= $8m(a? + y? + 2°). 


Thus Mk? = Mk? = Mk? = sine “rtdr = Pampa, 
But M = $xpa3, 
and thus ki =k} =k} = 2a?, 


5. Plane uniform elliptic disk, semiaxes a, b; p mass of 


unit area. Moment of inertia about a is 
a3 3 
2 Yap te 
Mkj = 2p es dz rie: 
so that ki = 402, 


From this follows immediately 
6. Ellipsoid, semiaxes a, b, c, and of uniform density :— 
k? =} (b? +02), bR=2(c? +02), k2=2 (a? +02). 
From these we can, of course, reproduce the result for a 
sphere. 

7. Rectangular parallelepiped, edges a, b, ¢:— 

k? = py (0? +02), kB = sy (c?-+ a2), k2 = yy (a2 + B2). 

The determination of moments of inertia is, like that of 
centres of inertia, a purely mathematical matter, the full 
discussion of which would lead us away from the proper 
objects of this article. 

@ 239. The simplest cases that can present potation 
themselves so far as rotation is concerned (for about fixed 
the translational effects on a rigid body are ®*s- 
treated precisely as if it were a mere particle,—a pro- 
cess already sufficiently illustrated) are those in which 
there is one degree of freedom to rotate, 7. e., when 
the body is rigidly attached to a fixed axis. Here the 
physical condition is simply that the rate of increase 
of moment of momentum is equal to the moment of 
the resultant couple about the axis of rotation. 

2 240. Let us recur to Atwood’s machine Pulley of 
as a first example, and suppose the string Atwood’s 
not to slip on the pulley, so that the pulley ™achine. 
must turn. In this case we must observe that the two 
free parts of the string are now, as it were, separate 
strings, so that we haye no right to assume their ten- 
sions to be equal. In fact if they were equal there 
would be no acceleration of the rotation of the pulley, 
nor of course of the common velocity of the two masses. 
We assume that the pulley is symmetrical, and the axis 
through its centre of inertia. 

Let a be the radius of the pulley, and o its angular 
velocity, then aw is the linear velocity of either mass. 
Thus the linear acceleration of each of the masses is 
equal to a times the angular acceleration of the pulley. 
But the linear acceleration multiplied by the mass is 
the measure of the force producing it; while the 
angular acceleration multiplied by the moment of in- 
ertia is the measure of the moment of the couple pro- 
ducing it. Thus we have (M being the mass of the 
pulley, and & its radius of gyration) 

Mk? x angular acceleration = (T’—T)a, 
m’ X linear acceleration =m’g—T’, 
m X linear acceleration = T — mg. 

Eliminating T and 'T’, and taking account of the above 

relation between the accelerations, we find at once 
m—m 

m! + m+ Mk?/a2 95 

from which, by the last two of our equations, the sep 

arate values of 'T and ‘TY may be found. 

If we compare this result with that obtained in 2 173, 
on the supposition that the pulley was perfectly smooth, 
we see that the only difference is inthe addition of Mk?/a? 
to the sum of the two masses. Otherwise the nature of 
the motion remains unaffected. 

2 241. Let us next take the case of a body 
of any form attached to a horizontal axis 
which does not pass through its centre of 
inertia. In such a case. gravity is the force producing 
motion, and we have what is called a ‘‘ compound pen- 
dulum.”’ Draw through the centre of inertia a line 
parallel to the axis; let h be the distance between these 
lines, and @ the angle which their plane makes (at a 
given time) with the vertical. The moment producing 
angular acceleration is obviously 

—mgh sin @ 
Divide by the moment of inertia about the axis, which 
by a previous proposition (2235) is 


Linear acceleration = 


Compound 
pendulum. 
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m(k? + h?) 
(where i is the radius of gyration about the line drawn 
through the centre of inertia), and we have for the 
angular acceleration 

gh sin @ 

~ h2 +h?" 
In the case of a simple pendulum of length 7, we saw 
that the angular acceleration is 
gsin @ 

l 

Hence the motion of the compound pendulum will be 
identical with that of the simple pendulum when, and 
only when, 


Re (k—h)? 
ears Wits 
As hand k are necessarily positive (or rather sign/ess) 
quantities, the smallest value of 7 is evidently when 
k=h. Hence the shortest time in which the mass can 
vibrate about any axis parallel to the original one cor- 
responds to that of a simple pendulum of length 2h. 
When fA is made either less or greater than /, the 
length of the equivalent simple pendulum increases, 
and for any assigned value of 7 greater than 2 there 
are two corresponding values of /, one less and the 
other greater than &. Their sum, howeyer, as we see 
by the coefficient of the second term in the equation 
h? —th+k? =0, 

is always equal to J. 

If then we can find two parallel axes in a rigid body, 
lying in one plane with the centre of inertia, and on 
opposite sides of that point, such that the time of 
oscillation is the same for each, the distance between 
them is the length of the equivalent simple pendulum. 
Kater made use of this proposition in his determination 
of the length of the second’s pendulum, under the 
cireumstanees in which it was defined by Act of Par- 
liament, as a datum for restoring, in case of loss, the 
standard yard. 

2 242. Suppose now that a second body is 
attached to the first by an axis parallel to 
that about which the first is constrained to 
move; and, for simplicity, suppose the centre of inertia 
of the first body to be in the plane containing the two 
axes. Here we have a complex compound pendulum, 
and it is interesting to compare the motion with that 
of the complex simple pendulum of 22 177, 178. 

Let m’, h’, correspond, for the second body, to m, h, 6 for 
the first, and let a be the distance between the axes. Tor 
variety we will adopt Lagrange’s method. We have clearly 

T= 3 (mk?62 + mh26? + m’k! 2h? + m!(a?262 +h’ 262 

+ 2ah’ cos (b — @)@), 
V=C—mghcos 6—m’'g(a cos @ + h’cos $) . 

These would enable us at once to write down the equations 
of motion, however large be the disturbance, but they are 
too complex for our present work. Let us then assume ¢ 
and @ to be very small, and we have 

{m(k? +h?) + ma? }6 + m’ah'd =— (mh + m’a)ge, 

m/!(k’? + h’?)b+ m’ah’6 m'gh'd. 

Combining, as before, by means of an undetermined multi- 
plier, we have 

(m(k? + h?) + m'a? + Am! ah’)6 + (m'ah’+ am! (k'2 + h’2))6 

=—g{(mh+ m'a)0 + Am’h’ $}. 
Thus the two values of A are given by the equation 
mah! + rm’(k!? + h!?) Amn’ h! 
mk? +h?) + m'a2 + am/ah’ ~~ mh +m'a* 

This may be written in the form 

AX OX 

B+a ©? 
where B is greater than A; and A, B, C are all essentially 
positive, if the bodies have been only slightly displaced 
from the position of stable equilibrium. The equation gives 


24+ (B—C)A—AC=0, 


so that the values of A are essentially real and of opposite 
signs. If we write «—-B for A, this equation becomes 


nu? —(B+C)u+(B—A)C=0, 


= 2k + 


Complex 
com lato 
pendulum, 
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| so that the values of 4+ B are both positive, and therefore 
the motion of either mass is the resultant of two simple 
harmonic motions. 

2 243. A well-known’ puzzle in connec- Rolling 
tion with this subject used to be ‘‘ How to of hollow 
distinguish between two hollow shells, one *?°Us- 
of gold, the other of silver, if their diameters and 
masses be alike, and both be painted.’”’ If we observe 
that the volumes of equal masses are inversely as the 
densities, the volume of the gold shell is seen to be less - 
than that of the silver one, and therefore, on the 
whole, its mass is farther from the centre, and its 
moment of inertia greater. Hence any form of experi- 
ment in which the moment of inertia comes in will suf- 
fice to decide the question. Thus they might be alter- 
nately clamped tight to the end of a rod, and the 
system swung as a pendulum, when the gold sphere 
would vibrate more slowly than the silver one. Or 
they might be allowed to roll, not slide, down a rough 
plane. In this case the work done by gravity on each 
is the same when they have fallen through equal 
spaces. But its equivalent is in the form of kinetic 
energy, partly eandlavical and partly rotational. The 
relative amounts of these two depend on the moments 
of inertia of the spheres, for the ratio of the transla- 
tional velocity to the angular velocity is the same for 
each. Hence the gold sphere, having the greater 
moment of inertia, will have the smaller velocity of 
translation. Another form of this question was to 
have a shell with a spherical mass inside, which might 
be either free to rotate on gimbals, or else be keyed to 
the outer skin. The keying would of course retard the 
motion of the whole down a rough plane, for part of 
the energy due to gravity would then be Rarer by the 
internal mass in the form of energy of rotation, from 
which it would otherwise have been free. Another 
very instructive form is that of a spherical shell full of 
fluid. If the fluid be perfect, the moment of inertia 
is that of the shell alone; if it be infinitely viscous, 
the moment of inertia is that of shell and fluid as if 
they constituted one rigid solid; and we may have 
every intermediate amount. If we suppose the rota- 
tion of the outer shell to be suddenly stopped, the 
infinitely viscous contents would be reduced to rest 
also. But if they be not infinitely viscous they will 
not at once be brought to rest, but will be able to put 
the shell in rotation again if it be at once set free. 
Thus, in practice, we can tell a raw egg from a hard- 
boiled ege. The first is with difficulty made to rotate, 
and sets itself in motion again if it be stopped and at 
once let go. The second behaves, practically, like a 
rigid solid. 

2244. The problem of the rolling of a sphere down 
a rough inclined plane is solved at once, as above, by 
applying the conservation of energy. For if x be the 
co-ordinate of its centre parallel to the plane, @ the 
angle through which it has turned, and @ its radius, 
we have the kinematical condition 

“=ae 
(due to the perfect roughness of the plane). 
Also the potential energy lost is 


Mgzsina, 


where & is the inclination of the plane to the horizon ; 
and the kinetic energy gained is made up of the two 
parts,— 4M? translational, and 4M/’é? rotational. 


Hence M(k? + a?)62 = 2Mgaé sin « 


2 

or a? = 2579 csina. 
This shows that the motion is the same as that of a 
particle slidmg down a smooth plane of the same 
inclination, under gravity diminished in the ratio 
a@:k’+a?. And it shows how friction may retard 
motion without producing any dissipation of energy. 

2 245. Suppose one point of a rigid plane sheet be 
made to move in any manner in the plane of the sheet, 
what will be the consequent rotation ? 


* 
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Varying : V t 

constraint of ¢, the co-ordinates of the point of the sheet 

ofone point whose motion is assigned. Leta, @ be the rela- 

ofabody. tive polar co-ordinates of the centre of inertia, 

then 5 be 

M[E + a (cos 6)] =X, M[y + a(sin 6)] = Y, 

Mk?é =— Yacos@+ Xasiné, 

where X and Y are the forces requisite to produce the mo- 


tion, Eliminating them, we fiud 

(k? +- a?)6 = —a(cos0 —€sin?), 
with which we can do no more until further data are 
specified. 


Suppose ¢, 7 to move with uniform acceleration p in a 

direction assigned by «, then 
~=pcose, 7=psina, and 

(k? + a?)6 = — ap (sin a cos 0 —cos«sin 0) = ap sin(@—«). 
The centre of inertia of the mass therefore moves, rela- 
tively to the constrained point, precisely as does a simple 
pendulum; but the direction of p is reversed. 

Again suppose the constrained point to move uniformly 
in a circle of radius b, with angular velocity o#. We have 

§=beosut, »=bsinot, 

and (k? + a?) = +w?ab (sin wt cos 6 — cos wt sin 8) , 


2 
or (k? + a)(“) (0—wt) = —w?ab sin (@—wt). 


This is, again, the equation of motion of a simple pendu- 
lum, but the angle of displacenient @— wt is no longer 
measured from a fixed line, but from the uniformly rotating 
radius of the guide circle. Hence the mass oscillates, 
pendulum-wise, about this uniformly revolving line. 
\ 7 246. Let us take, as an instance of im- 
ec a ulse, the case of Robins’s ‘‘ ballistic pen- 
tars,” massive block of wood movable 
about a horizontal axis at a considerable distance above 
it,—employed to measure the velocity of a cannon or 
musket shot. ‘The shot is usually fired into the block 
in a horizontal direction perpendicular to the axis. ‘The 
impulsive penetration is so nearly instantaneous, and 
the mass of the block so large compared with that of 
the shot, that the ball and pendulum are moving on as 
one mass before the pendulum has been sensibly de- 
flected from the position of equilibrium. ‘his is the 
essential peculiarity of the ballistic method,—which is 
used also extensively in electromagnetic researches and 
in practical electric testing, when the integral quantity 
of the electricity which has passed in a current of short 
duration is to be measured. ‘he line of motion of the 
bullet at impact may be in any direction whatever, but 
the only part which is effective is the component in a 
plane perpendicular to the axis. We may therefore, for 
simplicity, consider the motion to be in a line perpen- 
dicular to the axis, though not necessarily horizontal. 
Let m be the mass of the bullet, v its velocity, and p the 
distance of its line of motion from the axis. Let M be the 
mass of the pendulum with the bullet lodged in it, and k 
its radius of gyration, Then if » be the angular velocity of 
the pendulum when the impact is complete, 
mop = Mk*w , 
from which the soltttion of the question is easily deter- 
mined. For the kinetic energy after impact is changed into 
its equivalent in potential energy when the pendulum 
reaches its position of greatest deflexion. Let this be given 
by the angle 6; then the height to which the centre of 
inertia is raised is h(1—cos@), if h be its distance from 
the axis, Thus 


: mvp? 
Mgh (1 — cos 6) =}Mk?u2= a 
at m v 
OL 2sin 5 ~at Ter 


an expression for the chord of the angle of deflexion. In 
ractice the chord of the angle @ is measured by means of a 
ight tape or cord attached to a point of the pendulum, 
and slipping with small friction through a clip fixed close 
to the position occupied by that point when the pendulum 
hangs at rest. 


4247. As another example of impulse, 


aa let us consider the case of a body moving 
for a . in any way in a plane perpendicular to one 
given . of its principal axes. It is required to find 


what point of the body must be suddenly 


Let M be the mass, and §£, », given in terms | 
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fixed in order that the whole may be brought to rest ; 
also, what will be the consequent impulsive pressure at 
this point. It is easy to see that this is exactly the 
same question as to find the impulse, and its point of 
application, so that it may produce a given motion of a 
body ina plane perpendicular to one of its principal 
axes. 

The impulse must obviously act in a plane passing 
through the centre of inertia. And the physical con- 
ditions are that the change of momentum of transla- 
tion is equal to, and in the direction of, the impulse, 
while the change of moment of momentum about the 
centre of inertia is equal to the moment of the im- 
pulse. Let the impulse acting at the point ¢, 7 have 
components KR, S parallel to rectangular co-ordinates in 
the plane of motion, and let o be the angular velocity, 
u,v the linear velocities, generated by it. Then the 
physical conditions are 

Mu=R, Mv=S, Mk%»—St—Rp. 

When wu, v, » are given, R and § are found from the 
first two equations, and the third is then the equation 
of the line in which the impulse must act. Similarly, 
when the impulse and its line of action are given, we 
have in terms of these data the quantities w, v, o. 

Z 248. As a simple practical example, 
suppose one strikes a hard object with a 
stick in such a way that his hand is at rest 
at the instant of the impact; with what part of the 
eee must he strike so that there may be no jar on his 
land f 

Let & be measured along the stick from its centre of 
inertia in the direction which it has at the instant of 
impact. Then the kinematiéal condition is 

v=, 
where « is the distance from the hand to the centre of 
inertia of the stick. Thus, as the impulse § is the sole 
cause of the stick’s being brought to rest, we have 
Mv+S=0, Mk*v/a+Sé=0; 
80 that §=k?/a 
Hence if the stick be uniform and be held by one end, 
so that its length is 2a, and therefore 3k?=a", we have 
$= 3a; 
and a+€, the distance of the point of impact from the 
hand, is 


Centre of 
percussion, 


a+ ta=%.2a, 
i. é., it is at two-thirds of the length of the stick. 

If, however, the hand be moving, at the instant of 
impact, perpendicularly to the stick with velocity V, 
the kinematical condition is v- V=ae, which intro- 
duces a corresponding change in the result. 

¢ 249. The reaction of the axis is easily 
calculated. If the axis about which the 
body is constrained to rotate be perpendic- 
ular to a plane through the centre of inertia about 
which the body is symmetrical, and if the applied 
forces act in that plane, it is clear that the reaction of 
the axis isa single force in that plane. Let its com- 
ponents be = and H. Then 

X(mé)=3(X) +2, X(my)=3(Y) +H, 

Im xj — yx) = S(a@Y —yX). 

Let a, 0, be the polar co-ordinates of the centre of in- 
ertia, then 0, 7 are the angular velocity and the angular 
acceleration for all particles of the mass, and we have 

—Macos 6.6% —Masind,é6=3(X)+ 48, 

—Masin 6. 6?+ Macos6,6=3(Y)+ H, 

M(k2 + a?)6 = 3(a¥ —yX). 

From the third we find 9, and the others give Z and H. 

When there is no plane of symmetry perpendicular to 
the axis, there must be two points of it at which reactions 
are exerted on the revolving body. Let the co-ordinates of 
these bearings be ¢, ¢c’, and the reactions there 2, H, Z, 2’, 
H’, Z’, respectively. 

Then we have the six equations (in which #= 0) 

X(m#) = 3(X) + 84+ 2, 
S(my) =3(Y)+H+H’, 
B(m2) = 3(Z) +242’; 


Reaction 
on axis. 
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Sm ay — ye) = ='aY —yX), 

im! ys —2y) = 2 yZ—2zY)—cH—c’'H’, 

Sm‘2é — a2) = 3'2X —aZ)+ch +c’. 
The fourth equation, as before, determines @, and we have 
then four equations to determine =, 2’, H, H’. The remain- 
ing equation determines only the sum Z+2Z’, In fact by more 
or less perfect fitting we can throw more or less of the force 
parallel to the axis on one or other of the bearings. There 
is really no indeterminateness in nature, but we cannot 
get the information required to evaluate separately Z and Z’. 


2250. When impulsive forces are applied to the 
hody, exactly the same methods may be employed, with 
the exception that u’--w must be written for 2, ete., 
and o’—o for 6. The quantities X, Y,Z, 2, H, Z, =’, 
H’, Z now denote impulses and not forces. 


As a single example of the use of these formule, take 
the case of a body rotating, under the action of no force, 
about an axis through its centre of inertia. Here =(mz) 
=0, etc., and z is constant. The first two of the six equa- 
tions last written show that the pairs of forces =, 2’ and 
H, H’ form couples. The fourth equation gives @=wt; and 
with this the remaining two become 

=(mzy).w0? = — cH — c'/H’=—(c—c’')H, 

=(mzx).0? =— ch —c'R’ =—(c—c’')B. 
The multipliers of w? are each zero if the axis of rotation 
be a principal axis, and thus, in this case, there is no stress 
perpendicular to the axis. When the axis is not a principal 
axis the left-hand terms are generally finite, but they vary 
as the body turns. It is easy to see, however, that together 
these terms constitute a constant couple always in a plane 
passing through the axis, rotating with the body and depend- 
ent directly on the square of the angular velocity. Thus, to 
analyze the factor 3(mzy), we note that z is constant, and 


y=rsin(wt+ a), 


where r, « were the polar co-ordinates of the mass m at 
time ¢=0. 

Hence =(mzy) =sin wot &(mzx,) + coswt &(mzy,), 

where #; =r cose and y; =rsin« were the co-ordinates of 
matt=0. 

Similarly we have 
=(mzax) = cos wt &(mzx,) — sin wt &(mzy,). 
These expressions prove the preceding statements. 


2251. As a final instance of impulse in 


One point ‘ ; 
suddenly this branch of the subject, suppose that a 
stopped. —_—yigid plate, moving anyhow in its own plane, 


has one of its points suddenly fixed, what will be the 
subsequent motion? Let the position in space at which 
the point is to be fixed be chosen as origin, and let the 
axis of « be chosen so as to pass through the centre of 
inertia at the moment of fixture. Then, if u,v be the 
velocities of the centre of inertia, o the angular velocity 
about it, a its distance from the point to be fixed, the 
conditions of the impact are 

w=u—2/M, 

a =v—H/M, 

o!=w + Ha/Mk?, 
—three equations with five unknown quantities. But 
the conditions that the point in question is reduced to 
rest are evidently 

u'=0, v’—-ow/a=0. 
These furnish the requisite additional data, and the 
solution is complete. If we eliminate H between the 
two equations which contain it, we have 
k?0/+ av’=k?e+ av, 
whence by the relation between v’ and w’ we have 
(k? + a?) w'/=k?w + av. 

These equal quantities, each multiplied by M, represent 
respectively the moment of momentum about the point 
before and after its fixture. 

@ 252. Thus, as a little consideration will show, we 
might have solved the problem at once, so far as the 
impulsive change of motion is concerned, by noticing 
that as the impulse is applied at the origin, the moment 
of momentum about that point will not be altered by 
it. In fact many problems, which present. serious com- 
plexity when treated by the direct methods, are solved 
with comparative ease by such general considerations as 
the conservation of moment of momentum, or the con- 
servation of energy. The first principle holds good 
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when there is no resultant couple, or impuisive couple, 
round the origin; the second when no work on the 
whole is done by or against the forces or impulses. 

@ 253. We have given instances of pure compined 
sliding, and of pure rolling, in one plane, rolling and 
and will now give a single instanee of com- Sliding. 
bined rolling and sliding. A common but instructive 
case of the problem we propose to consider is that of a 
hoop thrown forwards and at the same time made to 
rotate, so that afterta time it stops, and finally rolls 
backwards to the hand. Other cases are furnished by 
a ‘following stroke’”’ or a ‘‘screw-back’’ with a bil- 
liard ball. 

Let the axis of « be parallel to the motion of trans- 
lation of a sphere or cylinder moving on a horizontal 
plane. Then we have, if F be the friction, a the radius 
of the hoop or ball, the rate of change of momentum 
=F, and that of moment of momentum about the 
centre = Fa. 

So long as sliding continues, F is constant, and equal 
to the product «Mg of the normal pressure and the co- 
efficient of kinetic friction. Hence at time ¢, if uw) and 
«be the initial velocities of translation and of rotation, 

U =U —ngt, 
k?2o= k? wo —pgat. 
These equations cease to be true when the sliding 
ceases, 7. e., when we have pure rolling, of which the 
geometrical condition is 
utaw=0, 
Ug + dwy —png(a?/k? +1)tp =0, 
_ ke (ut + dw) 
0 ug(a? + k?) ° 
At time f) and ever after we have 


This gives 


or 


k2(up + awo) Uy —k?w9 
i as k? +a? ? 
a Aug t a?wo  k?wy— ato 
On OT kat k2 +a? * 


Hence, if the body be projected in the positive direc- 
tion, its ultimate motion will be in the negative direc- 
tion if ar— kw) be negative, 7. e., if the initial angular 
velocity be positive, and greater than au/k?; which is 
Sula in the case of a sphere. Thus, at starting, the 
linear velocity of the point of contact with the plane 
must bear to that of translation of the ball a ratio of 
over 7:2 if it is to stop and return. In the case of a 
hoop this ratio must be at least 2:1. 

4254. We pass now to the case of a rigid Risia poay 
body one point only of which is fixed. As with one 
we have already seen (? 234) this has only Point fixed. 
to be compounded with the motion of the whole mass, 
supposed concentrated at the point, in order to give the 
most general motion of which a rigid body is capable. 
The geometrical processes which have been applied to 
this problem, though in many respects of great power 
and elegance, cannot be introduced here. We will 
therefore give the more important results in a brief 
analytical form, and then geometrically exhibit their 
application. 

Recurring to the general equations 

xm xy — yé) = 3(xY—yX) =N, ete., 
we may transform the left-hand members as follows. 

Let wz, wy, wz be the angular velocities of the body about 
the fixed axes of x, y, z respectively. Then (? 77) we have 
& = wy — Yor, ete. 

From these we have three equations of the type 
C= Roy — Yor + Bury — Your 
= Bay — Yaz + (Yor — Duy wy — (Twz— Zox woz. 
Thus we have 
Ly — YE = (x? + y? bz — YRdy — L2dz + THwywozg — ZYorwW2 
+ (2? — y? Jeoatry — xy(w? — wi). 

Now if the fixed axes be taken so as to coincide at a par- 
ticular instant with the principal axes of the body passing 
through the point which is regarded as fixed, the terms in- 


volving factors of the form =(mzy), etc., necessarily vanish 
(? 237). Also we have 


Sma? — y?) = Sm(z? + 22 —y? —22), 
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so that, if the principal moments of inertia of the body be 
A, B, C respectively, the dynamical equations become 
Coz + (B—A)wxwy =N, etc. 

But it was proved in ? 79 that when the angular veloci- 
ties of a rigid body are referred to moving and to fixed 
axes, which coincide at a particular instant, not only are 
the angular velocities but also the angular accelerations 
equal at that instant in the twosystems, Thus, if w,, 9, 
», be the angular velocities of the body about its principal 
axes, the equations just obtained take the form (due to 

Euler) * 
Ao, + (C—B)o.0o,;=L, 
Ba, + (A— C)o,0,=M, 
; Ci, + (B—A)wyo,=N. 

When o,, 5, », are found, in any particular ease, from 
these equations, the actual orientation of the body at any 
time can be calculated from them by the kinematical pro- 
cesses of # 81. The position in space of the point of the body 
which has been hitherto treated as fixed is to be calculated 
separately by the processes already explained for kinetics 
of a particle, and thus the motion of the body is completely 
determined—in the sense that the difficulties of the further 
steps are of a purely mathematical nature, 

wth When the forces applied to the body have a 
i nd single resultant, which either vanishes or 
forces. passes through the origin, the right-hand terms 

disappear from Euler's equations. Multiply 
the equations by ,,», w3 respectively, and add, We thus 
obtain 

Aw, + Bord, + Cw,o, =0, 
whence 
Aw? +Bw} + Co? = 2T (1); 
—the statement that the kinetic energy is constant. Again, 
multiply by Aw,, Bw,, Cw; respectively, and add. Then we 
have : 
A® wo, + B?wea. + C2030, =0, 

whence 

A2w? + B2w3 + C2w} = D? : (2), 
expressing the constancy of amount of moment of momen- 
tum, 

But if, in these equations, we now choose to regard w,, 


», 3 aS the co-ordinates, parallel to the principal axes, of 


the extremity of a line which represents, in magnitude and 
direction, the instantaneous axis, we see that that axis isa 
central vector of each of the ellipsoids (1) and (2). Hence 
the instantaneous axis describes, relatively to the body, a 
cone of the second order. Since T and D are the only arbi- 
trary coefficients in the equations, all the ellipsoids (1) or 
(2) are similar and similarly situated. The curve of inter- 
section of (1) and (2) projected on the plane of the axes A 
and B has the equation 
A(C— A)w? + B(C—B)w3 = 2TC—D?. 

This represents an ellipse if the terms on the left have the 
same sign, 7. e., if C is either greater or less than each of A 
and B. Hence, if the body be originally rotating about an 
axis nearly coinciding either with the axis of greatest or that 
of least moment of inertia, it will continue todo so. These 
two cases are exemplified respectively by a quoit and by an 
elongated rifle bullet,—at least in so far as the resistance of 
the air does not interfere with their motion. But if the 
body be originally rotating about an axis nearly coinciding 
owith the axis of intermediate moment of inertia, the curve 
indicated by the equation above is an hyperbola or a pair 
of straight lines through the origin; and the instantaneous 
axis travels, in general, far away from its first position in 
the body. We will henceforth look on A, B, Cas in de- 
scending order of magnitude. It is obvious from the mode 
in which they are formed that A =B+C only when the 
body isa plate. Hence, generally, any two of A, B, C are 
together greater than the third, Also by multiplying (1) 
by A, and comparing it term by term with (2), we see that 
QAT>D?; similarly 2CT < D?. , 

To complete the examination of the immediate results of 
Euler’s equations in this case, let us find how the length of 
the instantaneous axis, considered as a common vector-ra- 
dius of the ellipsoids (1) and (2), depends on the time. 

Let 


Retiree Sl ele ds 22 2B); 
fexo) = WH, + oH. +0303 

C—B, A-C B-A A 
Sete fp G_) Miss =~ 7B 0 180s: 


where A 1s the determinant 


iy se hep misl 
ks BC |=—(C—B)(B—A)(A—C). 
‘A? B2 C2 
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Now (1), (2), (3) are linear equations in 7, 3, #3, and from 
them we have three equations like 


Aw? = BC(C—B)a? + 2T(B2— C2) + D2(C—B) 
= BC(C—B){a?—a}, 


where 
Sele Owe 
BC 
is, by the remark above, essentially positive, Hence 
MBwiwiw? 


= A?B?C?(C — B)(B — A)(A —C)(22 — a)(a2 — b)(22 — c) 
= A?B?C0?a(a—?)(b —2?)(c—07), 
Thus 


20 = V(a— 22)(b — 22)(c — 02); 
whence 0? is at once found by elliptic functions. 2 known» 
we have w, .,3,and then by the method of 7 81 we have 
the complete analytical determination of the position of 
the body in terms of the time. 


% 255. Such a solution, however, fails to 


, ; * Poinsot’s 
give so clear a conception of the nature of rolling el- 
the motion as is afforded by the very ele- ipsoid. 


gant geometrical representation discovered by Poinsot. 
We may arrive at it by considering the tangent plane 
to (1) at the extremity of the radius. If a, y, z be 
the current co-ordinates of that plane, its equation is 


Aw,(w 4—2) + Bwg(w2 — y) + Cw3(w3 —-z) =0, 


so that the perpendicular from the origin upon it is 
equal, by (2), to 27/D, a constant. The direction co- 
sines of this perpendicular are proportional to Aw, Bo,, 
Cos, the component moments of momentum. Hence 
it is the axis of resultant moment of momentum, and 
is therefore (7 166) fixed in direction in space. The 
tangent plane to (1) at the extremity of the instan- 
taneous axis is therefore a fixed plane, and the ellipsoid 
(1) rolls upon it as if it were perfectly rough. From 
this we can of course find the equation of the curve of 
contact with the plane, and thence that of the cone, 
fixed in space, on which the cone of instantaneous axes 
in the body rolls, as in ¢75. The latter cone is of 
course given by the intersection of (1) and (2). 

To complete this beautiful representation of 
the motion, all that is necessary is a method of 
measuring time, something to show the rate of 
rolling of the ellipsoid on the fixed plane. 
Many constructions have been given for this 
purpose, such as Poinsot’s “rolling and sliding cone,’’ ete., 
but none can compare in elegance with that invented by 
Sylvester. We can only sketch a particular case—sufiicient, 
however, to completely solve the question. 

Writing l, m, n for the direction cosines of the fixed line 
referred to the principal axes, we have 


Sylvester's 
addition to 
Poinsot’s 
construc- 
tion, 


l= Aw,/D, m=Bo,/D, n=Cw,/D. . .. (4). 

Our equations (1) and (2) may now be written 
2/A+m2/B+”2/C=2T/D?2..... (1), 
Bomint + neat ee. a. (2). 


Introducing a factor p, of dimensions the same as 1/A, we 
have from these a third equation 


12(1/A + p) + m2(1/B + p) + n2(1/C + p) =2T/D?2+p 
Now consider an ellipsoid 
a2 y2 g2 
ies (ihe dose ow oO) 
which is similar, and similarly situated, to one of the ellip- 


soids confocal with (1) of 3 254. Draw to it a tangent plane 
perpendicular to the line OL, whose direction cosines are 


. (5). 


+ 


(4). We obtain for the determination of the point of con- 
tact Q three equations of the form 
x Y 2 
I= sG/A +9)’ ™"SGIB+ py "“SaCFp) * 
where 


WERE FO TEL RY are 
~ (A+ p)? © (UB + p)? © (1/0 +p)?* 

Here a, y, 2 are the co-ordinates of Q, and the distance of 
the tangent plane from the origin is E/S, 

Now (6) gives at once by means of (7) 


S?(12(1/A + p) + m2(1/B + p) + n2(1/C+ p)] =E; 


E 
whence, by (5), S?= QT/D? +p . 


S2 
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This is constant, and therefore the new tangent plane is 
fixed in space. ‘ 
Let us now find the angular velocity about the fixed line 
OL of this plane’s point of contact Q with the ellipsoid (6). 
The direction cosines of the instantaneous axis OP are 
AS 1, ,3. Those of OQ are as &, y, 2. 
And we have obviously by (4) and (7) 


x y 2 
Aw, Boy, Cw3 


Hence the line OQ lies in the plane containing the in- 
stantaneous axis OP and the fixed line OL. The motion 
of ellipsoid (6) is therefore one of combined sliding and 
rolling along the new tangent plane. To find the sliding, 
we must find the angular velocity of Q about the line OL. 
It is to that about OP, which is Q, in the ratio of the sines 
of the angles POQ and QOL, : 
i (aw + yoo + 203)? 
2 = Se See se ees 
sin? POQ=1 (a2 8 +e2)02? 
(Ao ,o+ Booy + Cw 32)? 

(w+ y? + 2?) D? 

By means of the equations (1) and (7) above we find easily 
sin ? POQ __D?p? 
sin?QOL 02 ° 

Hence the angular velocity of Q about OL is Dp, a con- 
stant. Now suppose the plane on which the ellipsoid (6) 
rolls and slides to become perfectly rough, and to be capa- 
ble of rotating round OL as an axis, there will no longer 
be sliding of Q, but the plane will be made to rotate with 
the constant angular velocity Dp. Thus the time of any 
portion of the motion of the body will be measured out by 
the angle of forced rotation of this plane. 

, ¢ 256. Asasimple example, let us take the 
Quoit. case of a quoit, in which A, the moment of 
inertia about the axis of figure, is greater than either of 
the equal quantities B and C, which may be referred to 
any two perpendicular lines in the plane of the quoit. The 
equations become 

Ae, =0, so that , is constant, 
Bo, + (A— B)woz0; =0, 
Bo; + (B—A)o yo. =0. 


Put for a moment B 


But 


and sin? QOL=1— 


©, =n, then we have 


, +2w,=0, 
These give by eliminating w, 

Bo + Nw» =O. 

2 =P cos (nt + Q), 
o,=—n-la,=Psin (nt +Q). 

The resultant of these is an angular velocity P, about an 
axis in the plane of the axes of B and C, and making an 
angle nt + Q with the axis of B. Hence the instantaneous 
axis describes in the body a right cone whose axis is that 
of figure; it moves round it in the same direction as that in 
which the body is rotating, and with angular velocity n. 
The fixed cone in space is also, obviously, a right cone and 
the otherrolls on it externally. 

E If instead of a quoit the body be a long stick 

Cylinder. oy cylinder, we have A = B > O, and the equa- 
tions become 


@3 —Nw, =0. 


Hence 


Ao, +(C—A)o,0,=0, 
Ao, +(A —C)o,0,=0, 
Ca, =0. 
The last gives », = constant, and, if 
Se 
aiate. 
the first two equations are 
©, =Nw,=0, d+ nwe,=0. 
Thus 6, + nw?,=0, », =P cos (nt+ Q), 
and wo, =— Psin (nf+Q). 
This indicates a rotation of the axis of constant angular 
velocity P in the negative direction. Everything else is as 
before, but the cone fixed in the body rolls on the inside of 
that fixed in space. 
¢ 257. Next let us take the case of a pendulum 
bob, supported by a flexible but untwistable 
wire, and containing a gyroscope whose axis is 
in the direction of the length of the pendulum. Here we 
may use, for variety, Lagrange’s equations. For simplicity 
we suppose the centres of inertia of the bob and gyroscope 
to lie in the axis, and the bob to be symmetrical about 
the direction of the length of the pendulum. 


oer 


Gyroscopic 
pendulum. 
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Let the moment of inertia of the whole about the axis of 
symmetry: be A when the gyroscope is supposed to be pre- 
vented from turning relatively to the bob, and let the 
other two principal moments about the point of suspension 
be B. Let that of the gyroscope about its axis be C. Then, 
if @ be the inclination to the vertical, ¢ the azimuth of the 
pendulum, and ¥ a quantity denoting the position of the 
gyroscope with reference to a definite plane in the bob 
passing through its axis, we easily find 

2T = A(1— cos 6)2¢2 + B(62 + sin 2 642) 
+ C[y— (1 — cos @)$]?, 
V = Mgl(1—cos 6) = Vo(1— cos 8) , suppose, 
where M is the whole mass, and/ the distance from the 
point of suspension to the centre of inertia of the whole. 

The general treatment of this complex problem cannot 
be attempted here. We may, however, easily obtain use- 
ful and characteristic results in some special simple cases, 
which will enable us to form a general idea of the nature 
of the motion. 

Thus, suppose if possible @ to be constant, 

This is the Conical Gyroscopic Pendulum. We pane ca 
easily find the equations 

y — (1 — cos 0)¢ = 2 = const. Ppevaian. 

(A(1— cos 6) + B cos @)¢2 —CO¢ = Vo. 

For any assigned values of © and @, this shows what will 
be the corresponding value of ¢. But it also shows that if _ 
we change simultaneously the signs only of Q and 4, the 
value of 6 is unaltered. Thus, reversal of the direction 
of rotation of the gyroscope involves reversal of the direc- 
tion of motion of the bob, if the time of rotation is to be 
unaltered. But to any assigned values of 6 and © two val- 
ues of ¢ correspond. As 6 cannot, in the case considered, 
exceed 47, the multiplier of ¢? is essentially positive. So 
is Vo = Mgl. Hence the values of ¢ are real; and one is 
positive, the other negative. Thus the pendulum, with 
any rate of rotation of the gyroscope, may be made to 
move in any horizontal circle; but the angular yelocity 
will be greater when it is in the same sense as that of the 
rotation of the gyroscope than when it is in the opposite 


sense. When @ is so small that 6? may be neglected, we 
have 

Bo? — Cad = Vo, 
or 2B¢ = CO+1/ 4 BY, 4+ C202. 


To give a numerical example, let the mass of the gyroscope 


&- = 2 
be “—*m; let B=M?, C="—* 


(n—1)0 
ne? 


If n=5, c=10, g = 101 (which are fair approximations to 
the dimensions of the ordinary form of the instrument), 


+1920: 4 
= —— + ——— G2? 
= 500.7 y 10+ (500/22 * 
Suppose the gyroscope to reyolve 100 times per second, 
then & = 2007 practically, and 


6 =tr£V 10+ 36r? = 2513 + 4:039 
= 6°552 or — 1°526. 
The angular velocity, when the gyroscope is not rotating, 
would be that of the corresponding conical pendulum, 


V gll=+3'162; 
so that in this case the gyroscopic pendulum would rotate 
about twice as fast, or only about half as fast, as the ordi- 
nary conical pendulum, according as it rotated with or 
against the gyroscope. 
If we had taken Q = 107 we should have found 


$ = 3°29 or — 3°04, nearly. 


Thus the slower the gyroscope rotates the slower is the 
conical pendulum motion in the same direction, and the 
quicker that in the opposite direction. 


26 = 
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2 258. Axtom.— When a body or system is in equi- 
librium under the action of any forces, additional con- 
He will not disturb the equilibrium. Compare 

1938. 

This principle is of very great use in forming the 
fundamental equations of fluid equilibrium, and thence 
those of motion. And we find it of advantage, as will 
be presently seen, in reducing to elementary geometry 
the problem of the equilibrium of a chain, or perfectly 
flexible cord. 


MECHANICS. 


We may treat this problem, called that of 
a ‘‘catenary,’’ by any one of the following 
methods :—(1) by investigating, as a question of statics 
of a particle, the conditions of equilibrium of a single 
link; (2) by imagining a finite portion of the chain to 
become rigid in its equilibrium form,—assuming, by 
the axiom above, that it will remain in equilibrium, 
and then treating the question by the methods employed 
for a rigid body ; (3) ty employing the energy test of 
equilibrium as in 2 198. 

2259. We exemplify each of these methods in the 
specially important case of the ordinary catenary. 

A uniform chain hangs between two fixed 
points, find the tension at any point and the 
curve in which the chain hangs. 

First Method.—Let » be the mass of unit length of the 
chain; T the tension at the point a, y, 2; s the length of 
the chain to x, y, z from some assigned point; and let the 
axis of y be taken vertically. Then we have for the equi- 
librium of the element 6s, considered as a material particle, 


dx da da dx 
T—— (r+ #(t =) i )=0, 
dy dy a dy\ . )- 

Mas * 2 a ( Tis + (75 t)a8 % 

lz ad a 

me (re += (1%)ss) =0. 

ds 


ds \~ ds 
Omitting the terms which cancel one another, and dividing 


by 4s, these become 

d [dx a [,.y a (dz 

aes) aha (tg) =O ds (7%) 3h 
From the first and third it follows that dz/dz is constant, 
1. ¢., the chain hangs in a vertical plane. We may take it 
as that of ay, and the equations are reduced to the first 
two. 

The first gives 


Catenary. 


Common 
catenary. 


lying 


showing that the horizontal component of the tension is 
constant throughout the whole length of the chain. Sub- 
stituting for T in the second, it becomes 

+ (2) a) 

ds\dz} To 
The quantity on the right is evidently of [L-1] dimen- 
sions, because that on the left is so; and thus we may 
write 


Hence a is the length of a portion of the chain whose 
weight is equal to the constant horizontal component of the 
tension, 

The equation now becomes 


1 ds 1 


Integrating, we have 


ys [14 (Wy = cee 
an 1+ (4) Pk 


If we now assume that the axis of y passes through the point 
at which the chain is horizontal, we have at that point 


a=0, we =0, and therefore C=1, Thus 
| dy\? dy = 
V L+ (s) i ge oy 
Taking the reciprocal of each side, we have 


aL 
i+ (2) Gene ihe 


Subtracting, 
dy ed se) 
ean = & ‘6 el ay 
y = = 
or Pam omelet Cheniass 


no constant being added if we assume the axis of x so that 
y=a,x =O together, This is the equation of the curve 
required. 

Jf we take the sum, instead of the difference, of the above 
equations, we find 

id 
a 


ds 
a +€& fA 
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so that 


s being measured from the axis of y. 
But the tension at 2, y is, as above, 


ds y 
Dal ge hemi reir 


Hence the tension at any point of the chain is equal to the 
weight of a length of the chain equal to the ordinate at 
that point. 

Thus if a chain of finite length be laid over 
two smooth parallel rails, its ends, when the 
whole is equilibrium, will be in the horizontal 
line corresponding to the axis of « in the above 
investigation, the middle part of the chain forming part 
of the catenary. When a given length 2/ of chain rests 
in equilibrium on two smooth parallel rails at the same 
level, we have therefore s+ y=l1, while ~=5}, the half 
distance between the rails. 

By the above expressions for y and s in terms of 2, this 
leads to the equation 


Chain over 
parallel 
rails, 


22 
Gane = Is 

which determines a when } and / are given. From this 
equation, as the minimum value of the left-hand side 
occurs when a=b, we see that the least length of chain 
for which equilibrium is possible under the conditions is 
equal to € times the distance between the rails. 

2 260. Second Method.—The chain being in equilib- 
rium, suppose any finite arc of it, as PQ (fig. 64), to 


Fig. 64. 


become rigid. The forces acting on PQ are three—the 
tensions I’, and T’, at its ends, and its weight W acting 
at its centre of inertia. But three forces in equilibrium 
are in one plane (#221). Hence the curve is in one 
vertical plane. Also, as the two tensions are not par- 
allel to one another, the lines of action of all three 
forces meet in one point. Hence there is no couple, and 
the conditions are simply 
T, cos 6. —T, cos @,=0, 
T,sin0, — T, sin 6; — W=0; 

where 6;, 0, are the inclinations to the horizon of the 
tangents at the ends of the portion solidified. The 
first asserts that the horizontal part of the tension is 
the same at P and Q, 7. ¢., all through the chain. The 
second asserts that the difference of the vertical parts 
of the tensions at any two points is equal to the weight 
of the part of the chain between them. By proper 
mathematical methods these data lead to the results 
already obtained. In fact the equations we have just 
obtained are the first integrals of the equations in 3 259. 


$261. Third Method.—The potential energy of the chain 


is i 
3 
a/v ig 


with the sole condition 


ds 
is a dx = constant , 


the limits of integration being fixed, and the same for each 
expression. Hence, by the rules of the calculus of varia- 
tions, we have the same equations as before. 

2 262. Still supposing gravity to be the only  rass of 
applied force, there are many forms of import- chain to 
ant questions which can be solved by either of hangin 
these methods. We will take some simple, but 8!ven 
varied, examples. CUES 
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Find how the mass of unit lengthof a chain must vary from 
point to point so that the catenary may be an assigned plane curve. 
We have, as before, 


but our second equation is now 

d dy 

“(tr “i weed 
where » is an unknown function of s, The third equation, 
being of the same form as the first, shows that the curve is 


in a vertical plane, and is thenceforth unnecessary. 
As before, we have 


dx 


Tag To» 
a st) _ #9 
and. ds\da}  To° 


Now, from the assigned equation of the catenary, the 
left-hand member can be expressed as a function of s, and 
thus we have have the solution of the problem. For ex- 
ample, suppose the chain is to hang in an arc of an assigned 
circle. Referred to the lowest point of the circle, the equa- 
tion is - 

a? = 2ay —y?, 


where a is the radius. From this we have 


ae Se tan 
dx a—y io? 
es =! gan?) 
so that Me ag sec 


The tension at the lowest point is thus equal to the weight 
of a piece of chain like that at the vertex, and of length 
equal to the radius of the circle; the mass per unit length 
becomes infinite at the end of a horizontal diameter. 

Next find the form of the chain when the mass 
of any are is proportional to its horizontal projec- 
tion. This is a rough approximation to the 
case of a suspension bridge where the roadway is uniform, 
and much more massive than the chains, to which it is 
attached throughout by vertical ties. The equations are 
as before, but the additional condition takes the form 


ds 
peo fee a constant. 
BX dz Bo, 


Suspension 
bridge. 


d*y _ Hod 
ant Ty? 
and the chain forms a parabola whose vertex is downwards, 
and whose axis is vertical. J 

As a final example, we have what is called 
the catenary of uniform strength ; thatis, the form 
in which a chain hangs when the tension at every 
point is proportional to the breaking stress at that 
point. Here we suppose the strength to be proportional to 
the section, 7. e., to the mass per unit length. This gives the 
condition 


This gives 


Catenary 
of uniform 
strength. 


= en 
d (dy of g ds 
Hence ds (s) Loy menage 
CET MNT CR DCE ly dy\? 
id dx? a (3) a (1 58 (‘Y) ); 


where a=e/g. 
This gives 


and the complete integral may be written, by proper selec- 
tion of origin, in the final form 


y 


a x 
E€ =sec—. 
a 


This curve has obviously two vertical 
asymptotes distant + 37a from the axis of y. 
The quantity a is directly as the tenacity of 
the material; and thus we see that there is a limit 
(even in this simplest case) to the span of a chain, 
however strong, formed of any known kind of matter. 

It is a very curious fact that, if we write the equation of 
this catenary in terms of the are and the radius of curva- 
ture, it becomes identical with that of the common catenary 
in terms of Cartesian co-ordinates, horizontal and vertical. 
For we see at once that 


Limit of 
span. 


ds Saas 
nel yy ok 
dz ao 


MECHANICS. 


s 3 ed Ds 
so that e@=4{(1+sin2)/(1-sin Z) ; 


while by the previous equations 


1 a ‘is Sea 
p [axe aa 
dx ® da 
Thus finally 
2 a Jae ee 
oats +€ %-+ Compare ? 259, 


? 263. When the chain is not uniform, and 
when it is subject to the action of other forces ReEREREY 
than, or besides, gravity, the equations are Se 
d (,, dx d dy d dz 
ds (re )=-«X, S(rz)- W¥a (Tae) = —aZs 
where X, Y, Z are the component forces on unit mass. 
These three equations involve the unknown quantities T, 
x,y, 2, and s only; for» is supposed to be given in terms 
of s. Two relations only among 2, y,and z are wanted (for 
sis known in terms of 2, y, z); so that the equations are 
necessary and sufficient to give these relations and the 
remaining unknown T, 

The first members of these equations consist each of two. 
terms :— 


de dy da 

ds’ ds’ ds’ 
A west d?a  d?y 072. 

“a multiplied by Pag? ? Pqga? Pago? 

p being the radius of curvature of the chain. Hence (2 22) 
we conclude that, so far as the tension alone is concerned, 
the forces on an elementary unit of length of the chain 
are dT/ds in the direction of the tangent, and T/p in the 
direction of the radius of absolute curvature. These must 
balance the corresponding components of the external 
forces on the element. Hence we see that the resultant 
of the applied forces lies, at every point, in the osculating 


a multiplied respectively by 


and 


plane. 
Thus we haye 
dT dx dy dz 
ds w(K e+ Ye tle ee 
Ae d*a dzy CIECR ras 
Fame ( Xejae + Yecge + Zoggr) = me 


Here S and N are the tangential and normal components 
of the applied forces per unit length of the chain. 
But when a unit particle moves in a curye, 


we have agi Ps 4 = Pinot 
w =p Ba hata = N’, particle, 


where S/ and N’ are the normal and tangential components 
of the requisite force, If we write these in the form 


and suppose that the curve in which the particle moves is 
the same as the catenary above, while the speed at each 
point has the same numerical value as the tension, we see 
that we must have : 


Ss’ Ss’ N’ N’ 
oT! > 
or oes N’=—NT. 


Thus the catenary will be the free path of the particle 
provided the force applied at any point is equal to the 
reverse of the product of that acting on the chain by the 
numerical value of the tension of the chain at that point. 

Conversely, if we take any case of free motion of a par- 
ticle, a uniform chain will hang in the corresponding orbit 
under the action of the same forces each reversed, and 
divided by the numerical value of the speed at the corre- 
sponding point of the orbit. Thus we can at once pass from 
particle kinetics to corresponding cases of catenaries. 

In the ease of a projectile, the path is a par- 
abola, the force is constant and parallel to the 
axis, and the speed is as the square-root of the 
distance from the directrix. Hence, that the parabola may 
be a catenary under gravity, it must be turned vertex 
downwards; and the mass of the chain per unit length at 
any point must be inversely as the square root of the dis- 
tance from the directrix. It is easily found from this that 
the mass of any arc of the chain must be proportional to 
the length of its horizontal projection, as in the second 
problem solved in ? 262, 


Parabolic 
catenary. 


MECHANICS. 


Elliptic 


In the case of a planet we have 
catenary,. 


v? = w (2/r—1/a). 

Hence a chain will hang in an ellipse if it be repelled from 
one focus by a force varying inversely as the square of the 
distance, the mass per unit length of the chain being di- 
rectly as the square root of the distance from that focus and 
inversely as the square root of the distance from the other. 
If the chain be uniform, the law of the repulsive force from 
the first focus must be 1/7/rr’ instead of 1/r?, where 1, r’ 
are the distances from the two foci. 

@ 264. When achain or string is stretched 
over a curved surface, the surface must 
exert a reaction on it to keep it in its 
curved form. ‘The preceding investigation has shown 
that the force normal to a chain per unit length at any 
pointis balanced by ‘I'/p per unit of length, which must 
therefore be the magnitude of the reaction. We may 
establish this, however, in a very simple manner as 
follows :— 

Let AB (fig. 65) be a small portion of the cord, and 
AO, CB the tangents 
at its extremities ; and 


Pressure of 
cord on 
surface. 


let the (small) exterior Ca 
angle at C be @. Then K 

p ‘being the pressure - 
per unit length of the ‘ 

string, we haye at once Tig. 65. 


p. AB = 2Tsin 40 = To 
But AB =pé, so that 
p=T/p. 
If there be friction, and if the element of 


ultimately. 


Rope : : = 
coiled the rope be just about to slip, in conse- 
onrough quence of the difference of the tensions 
cylinder, ; 
at its ends, we have 
T—T = pp. AB= «Te, 
so that 


T’=T(1+ u@). 


This leads to the formula for the growth of a sum at 
compound interest at “ per cent. payable every instant. 
Hence for a finite angle « we have 


Ty, = E4"T y, 


It is to be remarked here that neither the dimensions 
nor the form of the curve on which the cord is stretched, 
provided only it be plane, have any influence on this 
result, which involves only the coefficient of friction 
pan the angle between the two free portions of the 
cord, 


KINETICS OF A CHAIN OR PERFECTLY FLEXIBLE 
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2265. The equations of motion of a chain, under 
the action of any finite forces, are at once formed from 
those of equilibrium by introducing the forces of resist- 
ance to acceleration according to Newton’s principle. 
Here we enter on a subject of extreme impertance, but 
also (at least in the majority of cases) of great mathe- 
matical difficulty. One valuable result, however, can 
be obtained by very simple means. 

A uniformly heavy and perfectly flexible 


Mae on cord, placed in the interior of a smooth tube 
as ae in the form of any curve, and subject to no 
cord. 


external forces, will exert no pressure on the 
tube if rt have everywhere the same tension, and move 
with a certain definite speed. 

For, as in 2 264, the statical pressure due to the 
curvature of the rope is Té/o per unit of length (where 
ois the length of the are AB in that figure) directed 
inwards to the centre of curvature. Now, the element o, 
whose mass is mo (if m be the mass per unit of enete) 
is moving in a curve whose curvature is ¢/e, with 


é A ay 2 
speed v (suppose). The requisite force is moo — me, 


go 
and for unit of length mz6/c. Hence if T=mv the 
theorem is true, we suppose a portion of the tube 
to be straight, and the whole to be moving with speed 
v parallel to this line, and against the motion of the 
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cord, we shall have the straight part of the cord reduced 
to rest, and an undulation, of any, but unvarying, form 
and dimensions, running along it with linear speed 
VT). 

Suppose the tension of the cord to be equal to the 
weight of W pounds, and suppose its length / feet and 
its own mass w pounds. Then T=Wg, lm=w, and 
the speed of the undulation is YWg/w feet per 
second. 

% 266. As will be shown later, when such 
an undulation reaches a fixed point of the 
cord or chain, it is reflected, and runs back 
along the cord with the same definite speed. But 
the reflected form differs from the incident form in 
being turned about in its own plane through two right 
angles. When the string is fixed at both ends any 
disturbance runs along it, backwards and forwards, 
with this speed, and thus (in a piano or harp) admin- 
isters periodic shocks to the sounding board, causing it 
to give out a musical note. The interval between 
these periodic shocks is of course the time taken by 
the disturbance in running from end to end of the 
string. Dividing the length / of the string by the 
speed above reckoned, we find for this interval the value 

V wl/Wg = 1 YmjiWog, 
the reciprocal of which is the number of impulses per 
second. It is thus seen to be directly as the square- 
root of the tension of the string, inversely as the 
square-root of its mass per unit of length, and also 
inversely as its length. ‘These are well-known facts in 
Acoustics. It is to be observed that there is no neces- 
sity for limiting the proposition above to a plane curve, 
though we have treated the question as if it were such. 
The demonstration applies even to a knot of any form. 

2 267. We will now consider more partic- vibration 
warly the vibrations of a musical string, of musical 
whose tension is great and its own mass “7S: 
small, 

Forming the equations of motion as above 
have three of the type 


4 (x ) eax 2), 


In the special case of a tightly stretched inextensible string, 
performing very small transverse oscillations, we may 
greatly simplify these by assuming that no external forces 
act. This practically means that the weight of the string 
is negligible in comparison with the tension, If the axis 
of « be taken to coincide with the undisturbed position of 
the string, we have to the second order of small quantities 


Reflected 
wave 


hinted, we 


dx 
ds 


gaa. 
With this the equation above written becomes 


or the tension is the same throughout. The second and 


third equations now become 


ay 


a d*z 
Tan? = BY, 


T gga = “4 


The y and z disturbances are therefore of the same general 
character, and perfectly independent of one another. We 
will therefore confine our attention to one of them. From 
the equations we see that T/4 must be of two linear dimen- 
sions, and we will therefore write for it a7, As this quan- 
tity must also be of two negative dimensions in time, a 
represents a speed, What speed will be seen immediately. 
The equation in y is now 


whose integral is known to be 
y = flat —“) + F(at +), 

where f and Fare arbitrary functions. As we have already 
seen (% 53), the first part of the value of y expresses a wave 
running with speed a along the axis of w in the positive 
direction ; the second part a wave in the negative direction 
with the same speed. Thus we see that any small disturb- 
ance whatever, of a stretched string, gives rise to two 
series of waves propagated in opposite directions with equal 
speeds. Also, as the equation is linear, the sum of any two 
or more particular integrals is also an integral. : 


750 


One end If we suppose one extremity of the string to 
fixed, be fixed at the origin, we have the condition 
x=0, y=0, and therefore 


0 = f(at) + F(at). 
As this holds for all values of t, the function F is simply 
the negative of f, so that 
y=fl(at—x) —flat+2). 

To investigate what becomes of a disturbance which runs 
along the cord to the fixed end, let us suppose that f(r) 
(which, by the remark above, may represent any part of a 
disturbance of the string) is a function which vanishes for 
all values of + which do not lie between the positive limits 
p and q, but which for values of ¢ between these limits 
takes definite values. Then at time t= 0 we have 


y=—f(z), 
for, by hypothesis, f(r) vanishes for all negative values of 7. 
This denotes a disturbance of the string originally extend- 
ing from «=p to w= q, which runs up to the origin, After 
the lapse of any interval greater than g/a we have 


y=f(at—2), 

for at +a has now become greater than g. This is a wave 
of exactly the same form as before, but the sign of the dis- 
turbance and the direction of its propagation are both re- 
versed. Every portion of a wave is therefore reflected, 
with simple reversal of the displacement, as soon as it 
reaches the fixed end. For we may take the limits p and 
as close together as we choose. 

Both ends Now suppose the string to have another fixed 
fixed. point at x=, Then we have 


0= f(at —l) —f(at +1). 


Thus f is (? 67) a periodic function, of period 2//a, and can 
therefore be expressed as a series of simple harmonic terms 
of the full period, half -period, one-third period, etc. 
Hence we may write, the coefficient 4 being put in for 
convenience, 


y= 334° Amcosrml-1 (at — %) + 434° Bmsinrml (at — 2) 

= 43,7 Amcosaml-1(at + %) —434° Businwml-*(at + «) 

= 3,° Ansinrml—atsinaml- te —3,° Bncosmmltatsinrml ta. 
This expression contains the complete solution of the prob- 
lem. To adapt it to any particular case, we must know 


at some definite time |(say t= 0) the value of y in terms of 
a, i. e., the initial disturbance ; also the corresponding value 


of y. We have then 
Yo =— 21° Bmsinrml-12, 
a ; 
Io= am Am sin mml—t2. 


As Yo, Yo ave given in terms of , we cam find, by the pro- 
cess of ¢ 67, the values of Am and Bm, and thence the re- 
quired value of y. 
Oscillae 7 268, As another example, suppose a uniform 
tionsofa chain to be suspended by one end, and to 
chain fixed make small oscillations in a vertical plane. 
at one end, We cannot enter here into details; so we 
simply assume that elementary persistent harmonic solu- 
tions are possibie, or, what comes to the same thing, that 
there are permanent forms in which the chain can rotate 
about the vertical from the point of suspension. 
If the axis of x be vertical, the equations of motion are 
d dx a d d a 
Z(t a) =—ng—#), a(t at) = His 
where » is the mass of unit length of the chain. As the 
oscillations are supposed to be small, we may neglect the 
change in the vertical ordinate of any point of the chain, 
because it must be of the second order of small quantities 
if the horizontal displacement is of the first order. Hence 
we may put everywhere « for s, and therefore consider x 
to be independent of t. Thus the first equation becomes 


dT 
GE 
whence T=ng(l—2), 


where / is the length of the chain. The second equation 
then becomes 
29h Oe ee 
dx? dx ~ g ¥ 
or, if we measure # from the lower end of the chain up- 
wards, 

d?y 


dz? 


The complete integral of this equation would be much 
more general than we require, for it would express every 
possible small motion of the chain, however apparently 


(J—2) 


dy An 
Wa gh 
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irregular. What we seek are the fundamental modes of 
simple harmonic oscillation, any number of which, as in 
the case of a musical string, may be superposed. Hence 
we may write 
y=nsin (nt +«), 
where 7 is a numerical quantity as yet undetermined, but 
which is confined to one or other of a series of definite 
values; 7, on the other hand, is a function of # only. With 
this value of y the equation becomes 
a?y dn. n? 
da? da * g peak 
By the usual method of undetermined coefficients we 
easily find the particular integral 
men nin? mon? 

no =A( 1 ; + 2242 — g232g3t ete.) inert Li)s 
aia series is obviously convergent for all finite values of 
n? 2/9. 

The general integral is of the form 
n= Blay + nolog) + Ano; 

where », is a function of 2, finite for all values of «, but 
which we need not determine. For it is clear that, to suit 
our present purpose, we must put B=0; otherwise we 
should have 7 infinite at x=0. Thus (1) is the expression 
we require under the limitations above imposed. 

The quantity A represents the semi-amplitude of oscilla- 
tion of the lower extremity of the chain. The condition 
that the upper end is fixed gives np) = 0 for x=l, 1. ¢., 

n*l. nel? n&13 

g * 24g8 923298 ete. 

The roots of this equation (which are all real and positive) 
give the values of n for the several fundamental modes of 
vibration. 

We have ») =0 for the following values of n?l/g: 1:454, 
7°62, 18°74, 34°79, etc. 

From these we find for the periods of the various simple 
disturbances the following multiples of the period of a sim- 
ple pendulum equal in length to the chain, viz., 0°83, 0°36, 
0°23, 0°17, ete. When n?l/g has the least of the above values, 
the chain is always entirely on one side of the vertical, and 
the time of a complete oscillation is to that of a simple 
pendulum of the same length as 5: 6 nearly. 

2 269. When a free chain, at rest, has an im- Impulsive 
pulsive tension applied at one end, the caleu- tension. 
lation of the consequent impulsive tension at different 
parts of the chain and the velocities generated is yery 
simple. 

For, calling the instantaneous speeds along the tangent 
and along the radius of absolute curvature vs and vp respect 
ively, we have 


0=1- 


6T = p28, Th = Kp a 
where » is the mass of unit length of chain ats. It is ob- 
vious that there can be no impulsive speed perpendicular to 
the osculating plane. The kinematical condition is simply 
that an elementary arc 6s is not altered in length. But the 
tangential increment of speed alone would imply an in-- 


dvs 


crease of the length of 5s in the ratio 1+ iis ét: 1 in time ét. 


Also the impulsive speed vp would imply a diminution of 
its length in the ratio 1—v,dt/, : 1 by virtually making it 
an are of a circle of smaller radius, but subtending the 
same angle at the centre. Hence, neglecting the square of 
ét as compared with its first power, we find for the kine- 
matical condition 


dvs 
oe = =0. 
This gives, by eliminating the impulsive velocities, 
ad ( ren bere 


If the chain be uniform, this becomes 
ed SEL G 
de? aioe 


The whole kinetic energy generated in the chain by the 


impulse is 
ds ({dT\? T2 
af Alar) + a): 


and the condition that this shall be a maximum is the dif- 
ferential equation above. This isa particular case of agen- 
eral theorem due to Sir W. Thompson, viz.:— 

A material system of any kind, given at rest, and subjected to 
an impulse in any specified direction and of any given magni- 
tude, moves off so as to take the greatest amount of kinetic energy 
which the specified impulse can give it. 


MECHANICS. 


The direction in which an element of the chain begins to 
move is inclined to the tangent at an angle ¢ where 


aber 
tan ¢ = ize ; qv: 
ds 
Waves of » 2 270. It is to be observed that, in such ques- 
Sraanine tions as those just treated, the possibility of 


an impact’s being propagated instantaneously 
along the whole length of a chain depends upon its assumed 
inextensibility. When a wire (such as that employed for 
a distance-signal on railways) is regarded as extensible, there 
is a definite speed with which a disturbance of the nature 
of extension is transmitted along it. 

Thus, recurring to the equations of 3 267, we see that for 
the motion of a stretched elastic string in the direction of 
its length we have : 

as <a wo X za %). 

If there be no applied forces, X=0. Also, if we use 2 
instead of s to characterize a particular point of the string, 
we must put # +¢ for # and z for s, — being a function of x 
and ¢ which denotes at any instant the displacement of that 
point. 

The physical condition is expressed by Hooke’s Law in 
the form 
dé * 


GPE seta 
Hence E qq? ME: 


This expresses (as in ? 267) the passage of simultaneous 
waves. They are now waves of condensation and extension, 
not of transverse displacement. The nature of the inter- 
pretation of the equation is of the same general character 


as before, the speed being //E/u. 
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2271. This subject, which is a very extensive and 
difficult one, and in its generality quite unsuitable for 
discussion here, has already been to some extent treated 
of under HLasticrry. e therefore content ourselves 
with one or two examples, whose treatment is compar- 
atively simple, while their applications are frequent and 
of considerable practical importance. 
piieeantoidl @ 272. Even so restricted a problem as 
on pris- that of determining the form assumed by 
matic wire, a wire or thin rod of homogencous isotropic 
ee eral elastic material, under the action of given 

* forces and couples, presents somewhat for- 
midable difficulties unless in its unstrained state the 
wire be straight and truly cylindrical or prismatic. 
And, even with these limitations, the problem again 
becomes formidable if we introduce the consideration 
of non-isotropic material; while, in any case, if the 
radius of curvature at each point is not very large in 

roportion to the thickness of the rod in the plane of 
eer , the problem is to no appreciable extent sim- 
plified the limitation of form of the body. We will 
therefore give the comparatively simple case of the 
mere Fading and twist of a homogeneous isotropic 
wire whose natural form is cylindrical or prismatic, the 
pads amounts of these from various sources being 
nem sq small as to be superposable. Bending 
lengthens one set of lines of particles originally parallel 
me to the axis of the wire and shortens others. 
; Twist lengthens all but one such line, form- 

‘ing them into helices. The more detailed investigation, 
which we cannot give here, shows that there is one line 
of particles (the “‘ elastic central line’’) which passes 
through the centre of inertia of each transverse section, 
and which may be treated (under our present limita- 
tions) as rigorously unchanged in length. The mutual 
molecular action of the parts of the wire on opposite 
sides of any transverse section may of course be re- 
duced to a force and a couple, and the force may be 
conveniently treated as passing through the centre of 
inertia of the section. Also the twist and curvature 
of the wire near this-section obviously depend on the 
couple and not on the force. For the moment of the 
couple is in general finite, while that of the force (about 
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any point in the corresponding element of the wire) is 
infinitesimal, 

2273. Let any two planes, at right angles to one 
another, be drawn through the elastic central line 
before distortion; and let them be cut in lines PR 
and PS by a transverse section through a point P of 
the central line. Also let PT be a tangent to that line. 
Suppose a similar construction to be carried out for 
every point P of the central line. Then it is clear that 
the form of the distorted wire will be completely deter- 
mined if we know the form assumed by the central line, 
and the positions taken by the lines PR and PS drawn 
from each point in it. In their new positions P/T’, 
P’R’, and prog’ will still form (in consequence of the 
limitations we have imposed) a rectangular system; 
and the nature of the distortion will be clearly indi- 
cated by the change of position of this rectangular 
system as it passes from point to point of the distorted 
central line. The plane of rotation of P’T’ is the oscu- 
lating plane of the bending; its rate of rotation in that 
plane per unit length of the central line is the amount 
of bending; and the rate of rotation of the system 
P“R’, P’S8’, about P’“T’, per unit length of the central 
line, is the rate of twist. Suppose P’ to move with 
unit velocity along the distorted central line, and let p, 
o, t be the angular velocities of the system about P’R/, 
P’S’, PT’ respectively, then p represents the curvature 
(or bending) resolved in the plane S’P’TY, o that in 
R’P’T’, while + represents the twist. 


Now, if the elastic forces constitute a con- 


servative system, the amount of work done on Hob pare 
an element of the body corresponding to a force and 
length 6s of the central line is to be calculated couple in 
entirely from its change of form. It must terms of 
therefore be expressible in the form pend oF 


wes , 
where w is a function of p, ¢, 7; which must be such that 
the couples producing the bending are 

dw ig We 
dp *7° “aa? 

while that producing the twist is 

dw 

dr* 
These again, are functions of p, ¢, r, and they muS&t, on ac- 
count of the principle of superposition, be linear and homo- 
geneous. For, within the limits to which we have restricted 
ourselves, the doubling alike of bending and twist must 
involve the doubling of each of the couples. Thus w must 
be a homogeneous function of p, ¢, 7 of the second degree. 
Hence we may assume 

w=4(Ap? + Bo? + Cr? + 2Dpo + 2Eor + 2F zp), 
where A, B, C, D, E, F are quantities depending on the 
form of the section of the wire and the nature of its ma- 
terial at each point. This gives. 
dw dw dw 
Gun TRE ne, do = De + Be + Er, a =Fp+ Ec +Cr. 
Hence, when the couples are assigned, the amounts of bend- 
ing and twist are at once calculated from them. But the 
expression above is much more general than we require 
for the limited case we are considering. For, if the only 
couples applied to a portion of the prism or cylinder con- 
sidered be in planes perpendicular to its length, twist only 
dw dw 

will be produced. Thus for pee: ae we ought to 


have alsop=0,o0=0, Hence E and F both vanish and 
we have simply 

w= (Ap? + 2Dpc + Bo? + Cr?). 
This may be reduced, by properly selecting the planes 
originally drawn through the elastic central line, to the 


form 
w=4(Ap? + Bo? + Cr?). 
Now we see that 
dw dw dw 

dpa APs Te = Bos mao 

2274, In a prismatic or cylindrical wire of homoge 
neous isotropic material, the elastic central line is thus 
a torsion axis simply. Equal and opposite couples, 
applied to the ends of such a wire, in planes perpen- 
dicular to its length, produce twist in direct proportion 
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to the moments of the couples, There are two planes 
perpendicular to one another, and passing through this 
re. such that, if equal and opposite couples in either 
of these planes be applied at any parts of the wire, the 

ortion between is bent into a circular are in that plane. 
‘hese are the principal planes of flexure. The quanti- 
ties A and B which, when multiplied by the amount 
of bending in either of these planes, give the moment 
of the corresponding couple are called the 
principal ‘flexure rigidities’? of the wire. 
Vhen they are equal (as in the ease of a 
wire of circular, square, equilateral triangular, ete., sec- 
tion) any plane through the axis is a principal plane of 


Flexure 
rigidity. 


‘ : flexure. © is the torsional rigidity of the 
Torsiona te f Rate 4 Ren Steer Al x 
rigidity. Wire. In general, when the wire is fixed at 


one end and a couple applied at the other, 
the wire assumes the form of a circular helix, ‘The 
exceptions (or rather particular cases) are :—(a) when 
the plane of the couple contains the elastic central line, 
and there is mere flexure, without twist; (>) when the 
plane of the couple is perpendicular to the wire, and 
there is twist simply. 

2275. As an example of the preceding 
theory, take first the case of a uniform 
plank clamped horizontally at one end, and 
otherwise unsupported. ‘This is obviously 
the same as the case of a plank of double the length, 
supported by a trestle placed under its middle, We 
assume as before that the radius of curvature is always 
very large compared with the thickness of the plank. 

In all such cases we may at once apply the principle 
of % 258, and suppose one portion of the plank up to a 
section P to be fixed in its equilibrium position. The 
curvature immediately contiguous to P will then be 
simply proportional to the moment about P of the 
forces acting on the unfixed portion. Hence at the 
free end there will be no curvature, and the curvature 
at points near that end will be of the second order of 
infinitesimals; 2, ¢, its rate of increase at the end 
vanishes. 

Lat « be the length of the fixed portion, ? the whole 
length of the plank. Then, as the deflexion y from the 
horizontal is always very small, the curvature is expressed 
(% 22) by 


Flexure of 
peak by 
ts own 
weight. 


d’y 
dx?’ 
so that we have at once 


d2y l-2 
0} cA =f x! dx! = —tyg(l—x)?, 
a 0 


where FE is the “ flexural rigidity” of the plank, and » its 
mass per unit of length. 
Successive integrations give 
dy 
Ey =B+hygl—z)3, 
and Ey = A — B(l— x) — puug(l—2)*, 
The terminal conditions are 


; d 

for 7 =0, y = 0, 2 =0; 
d’y aby 

and for «=1, Epp oe 0, dz? 0. 


The last two are obviously satisfied. 
The two former give 


ugl® 
B=— 6 A = BI + Pygugl4 =— kugl*. 


Hence Ey = — pyug(3l* — 419 (1 —a@) + (1— a)*), 
Thus the droop of the free extremity (a =1) is 
wg Wie 
8 ET Se’ 


where W is the whole weight. 
If the plank had been weightless, but loaded at the free 
end with a weight W, our equation would have been 


day 
Baya =—W(l—«), 
and we should have had 
nY py ae 
Ei. = B/ + 4W(l — «)?, 


By = A! —B'(l—2) —3 W(I—2)3, 
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The terminal conditions at «= 0 are as before, so that 
B’=—4WI*, A! = —4W/ 4 4W = —3 WI, 


3 
and the droop of the free end is we » greater than before 


in the ratio of 8:3. 

If the plank be again looked on as heavy, but its free end 
be supported on a trestle which is pressed upwards till it 
acts with a force W, we find directly 


124 
Ee =W(l— 2) —4ug(l—2)?, 
pn! — pr SW(L— 2)? + dng(l—a)3, 


dx 

Ey = A’ — B’(l—a) + ¢W(l—2)§ — peng (l—2)*. 
The terminal conditions, at «= 0, are still as in the first 
case, and they give 

BY =4W1? —dugl3, 

when the amount by which the free end is raised is 

Al" = (UAW12 — dugl®) — aW1? + yuglt] (B= 

eee ae: ugl?) fugit] /E= oar: 
This is obviously the same as the amount of depression of 
the middle of a plank of length 2/ supported by trestles at 
each end. 

2 276. Hence the droop of the middle of a plank rest- 
ing on trestles at its ends is to that of the ends when — 
the plank rests on a single trestle at the middle in the 
ratio of 5: 3. 

If the equation expressing the curvature in the first 
or third cases above be twice differentiated, the com- 
mon result is ‘ 


=—Hg. 


The simplicity of this expression leads us to 
seek for the most general form. Suppose 
the plank to be exposed to any system of 
forces in lines perpendicular to its length 
and breadth. Then, if any transverse sec- 
tion be made, the stress between the two portions of 
the plank will consist of forces (+G) and couples 
(+ th) in the plane of length and thickness. Let the 
applied forces be N per unit of length. Suppose also, 
as before, that the radius of curvature is very great 
compared with the thickness. Then the equations of 
equilibrium of an element are 


Horizontal 
plank 
under any 
vertical 
forces. 


dG ayy 
We have also the condition of bending, viz., 


ar Te 
dx? ~ 

Kliminating H and G among these equations, we 
have 


E X curvature = E Ds le 


: asy CH 

dzt da? | dus 3 
which of course includes all the previous particular 
cases. We may now determine (under the limits im- 
posed) the form of a uniform plank of any length, 
supported in a nearly horizontal position at different 
points in its length, and loaded at any assigned points 
with any weights. ‘The importance of this in practice 
is obvious. 

4277. But we may easily take a further yippation 
step, and investigate the oscillatory motion, of plank 
so long at least as the acceleration parallel 0” fat 
to the length of the plank and its rotation iy a 
are negligible. For in such a case, if ~ be the mass 
per unit of length, the equation of motion is (2 199) 

dt i 

et Nui. 

We will consider only the case in which the applied 
force N may be neglected. This is practically the case 
of a uniform wire or flat rectangular spring. Suppose, 
further, that it is fixed at one end and free at the 
other, like Wheatstone’s ‘‘ kaleidophone,”’ or like the 
tongue of a reed organ-pipe. “ 

Then, writing n* for the fraction »/E, we have 


4 
oi+ nti =O, 
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A particvlar integral may obviously be found in the form | 

y=n cos (itn? +a) . (1), 

where » (a function of x) and i/n (a constant number) have 

to be found; « is any constant. The substitution of this | 
value of y leads to 

d*y 


da* 
the complete integral of which is 


n= Aé” + BE-® + Ceos(ita + D). 


Now, provided the value of i be properly determined, the 
motion represented by (1), with the above value of », can 
exist by itself; and the most general motion of which the 
spring is capable (under the limits imposed) consists of 
superposition of a number of separate motions of a similar 
character. Hence this may be treated by itself. Our 
limiting conditions in the present case are 


i4y = 0, 


n=0, an Oat the fixed end; 


@y_ 5 an 
dz?’ dx 


Now, from the value of 7 above, we have 


Z—0, 


and = 0 at the free end. 


FT ag = A€* — Be-*—Cssin (iz + D), 
em A iz 4+ Be-# —Ccos (ix + D) 
72 azz ~ AE € cos (t# 4 
3 
it = Agi — Be- + Csin (iz + D).. 
’ Hence we have 
O=A +B + CeosD., 
O=A —-B —CsinD, 


0 = Ag" + Be-® —Ccos (il +'D), 
0 = Ae“ — Be-# +.Csin (i+ D). 
Eliminating C and D, we have 
0 = Ag? + Be-# + (A+ B)cosil + (A —B'sinil, 
0= Ae” —Be-# — (A+ B)sin il + (A—B'cosil. 


Eliminate the ratio A/B, which is all that these equations 
furnish, and we have 


(e#+ e-@ cos t1+2=0. 


From this equation the values of i must be determined. It 
is clear that the multiplier of cos i is always greater than 
2, except in the special case of 1=0, which we obviously 
need not consider, as it gives y¥=0, and therefore belongs 
to the statical problem already considered. Hence as, to 
make cosil negative, ij must be greater than 47; and, as 
ery et =5 nearly, it is clear that the excess of the first 
yalue of i] over 47 is somewhere about 0'°3. The next value 
falls short of 37 by a quantity of the order z45, the next 
exceeds $7 by a quantity of the order y-455, etc. The re- 
quired yalues arrange themselves in two groups, one of 
either group being taken alternately, The first group in- 
. volyes ares a little greater than but rapidly approaching to 
- the values of (4m+1)37; the second consists of ares a little 
less than but rapidly approaching to those of (4m + 3)4z. 


2278. Some of the simplest, but at the 


ee oh same time most practically useful, of ques- 
‘tubesand tions connected with elasticity of solids:relate 
ho am tothe changes of form or volume experienced 


by circular cylindrical tubes orspherical-shells 

exposed to hydrostatic pressure. A steam-boiler, the 
cylinders and tubes of an hydraulic press, a fowling- 
piece or cannon and (on a much smaller-scale)\Orsted’s 
iezometer, deep-sea thermometers, etc. , afford common 
instances. All that is necessary for attacking such ques- 
tions is given in 22 45, 46 of the article ELasricrry. 
For it is there shown that, if a homogeneous isotropic 
elastic solid be subjected to a simple longitudinal stress 
P, uniform and in a definite direction throughout its 
whole substance, the result will be linear extension 
=P (¥ m 5 in the direction of P, and linear contrac- 
tion=P (4 cs st) in all directions perpendicular to 'P. 


The quantities n and /, as explained in the article 
referred to, are respectively the ‘“‘rigidity’’ and the 
reciprocal of the ‘‘ compressibility’ of the solid oper- 
ated on. 

Vou. XV.—730 
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2 279. The case of the piezometer, in 
which the vessel holding the liquid whose 
compression is to be measured is exposed 
both inside and outside to the same hydro- 
static pressure, is seen to correspond to three 
equal stresses in directions at right angles to one another. 
These directions may be any whatever, and in each of 
them the linear extension is obviously 

r{(he a) a) bd. 
on 3 9k} =“NGn 9% 3k 
P is negative, as the stress is a pressure. Hence the 
strain consists in a simple alteration of volume meas- 
ured by P/k. Every part of the walls of the vessel, as 
well as its external bulk, and its interior content, is 
altered to the same extent. 

2 280. In the case of a cylinder, when the 
internal and external pressures are different, 
it is clear from symmetry that the stresses’ 
may be resolved at any point of the walls 
into three at right angles to one another, the first (P,) 
parallel to, the second (P.) at right angles to, the axis, 
and the third (Ps) perpendicular to each of the other 
two. In a transverse section of the cylinder, the second 
of these is radial and the third is tangential to a coaxal 
cylinder passing through the element considered. We 
suppose the cylinder closed at both ends, and we make 
the further assumption (quite exact enough for practi- 
cal applications, and most important frony the point of 
view of simplicity of calculation) that all transverse 
sections of the cylinder remain, after distortion, trans- 
verse sections. This is equivalent to assuming P, to be 
constant throughout the walls of the cylinder. Hence, 
if there be interior pressure only, the value of this stress 
must be 

Bia pressure on end of interior of eylinder 
1 area of transverse section of walls of cylinder 


Equal 
pressures 
within and 
without 
piezometer. 


+ 


Cylinder 
under 
internal 
pressure, 


where II is the interior hydrostatic pressure, and ay, a 
are the internal and external radii.. This stress repre- 
sents a longitudinal tension of the walls of the cylinder. 


Let-us consider an element of the eylindrical wall, defined 
as. follows in the unstrained state :— 

Draw two transverse sections at distanees # and x + 8x 
from one end, two planes through the axis making an (in- 
finitesimal) angle @ wjth one another, and two cylinders of 
radii rand r + ér about the common axis. In the strained 
state @ is unchanged, but x becomes x + £, and r becomes 
r+p. The distance between the transverse sections was 
dx; it becomes éx + ct 6x, so that the linear extension par- 


it 
allel tothe axis is de The distance between the cylinders 


dx * 


a 
was 6r; it becomes sr + - 


d 
The breadth of the base of the wedge-shaped ele- 


2 ér, so that the radial extension 


. dp 
1s ana 
ment was 76; it becomes (7+ p)é@, so that the linear exten- 
sion perpendicular alike to the radial line and to the axis 


2 
18 if . 
Tf we now write, for simpliity, 
1 if 


6n 9k’ 


4 
eat oer t= 


‘the three requisite equations between stresses and strains 


are ab:once obvious in the form 


d. 
== cP, —fP2—fPs, 
d 
dr ~~FPatePs—fPs, 
f ==fP;—fPp+ePs. 


We have, however, four unknown quantities &, p, P2, and 
P, so that another equation is required. This must be sup- 
plied by one of the statical conditions of equilibrium of the 
element above defined, when in its strained state. There 
is obviously equilibrium in the axial direction, and also 
parallel to the base of the element; but radially we have a 
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ease resembling that of an element of a cord as in ? 264. 
Neglecting small quantities of a higher order than those 
retained, this consideration gives 
d d 
P 505287 = 5 (P,rd05x)sr, or Py = ay (Per). 


Solving the four equations, and taking account of the 
boundary conditions 


P, =—Uwhen r= ao, and P, = 0 whenr=a,, 
we obtain the following values— 
dg PRE nt 
da “a? ag (o—8f), 


err nae aj | 

banat ee) tee ety) |, 
dp ae ay | 
a ale af )— pa OFF) |; 

or, reintroducing the values of e and f, 

Tag 1 


p la? 1 rf ai 1 
r Qn}? 
dp Ma folate 
dr at? —ak\3k x? Qn)” 

% 281. Thus the nature of the distortion produced in the 
walls of a cylindrical tube by internal pressure may be de- 
scribed as made up of a uniform dilatation, whose linear 

Rai ae Ma, 1 ; 
direction is 7% oy ayy Combined 

(aj — ap) 3k 
with a shear in each transverse section, whose measure is 

Taga? 1 
(a? —ab)r? Qn 

The shorter axis of this shear is radial, and the magni- 
tude of the shear is obviously greater for smaller values of 
yr. The inner layer of the walls is thus the most distorted. 
The amount of the distortion is directly as the pressure, 
and inversely as the area of the section of the walls. 

When the walls are very thin the shear is practically the 
same throughout their thickness. When they are very 


measure in every 


1+ 2 91. 


iI 
thick, the shear near the inner surface is nearly 1 Las 


however fine be the bore. That near the outer surface is 


nearly 1+ - on , which vanishes when the bore is very fine. 
“eer 

Thus it appears that, if a stout tube bursts by the shear pro- 
duced by internal pressure, little is gained either by 
making it of extremely great thickness or by making it 
of very sinall bore. 

The diagrams A and B in fig. 66 show, necessarily on a 
greatly exaggerated scale, the nature of the distortion pro- 


C 


; Fig. 66. 
duced at different parts of the wall of the tube. They rep- 
resent transverse sections of small, originally spherical, 
elements made by planes at right angles to the axis. The 
radial diameters are horizontal. A is an element close to 
the external surface, B an element near the inner surface, 
The increase per unit volume of the interior of the tube is 
2 2 
las GS ae 
CORN dens)? 
so that, if the tube be very thick in comparison with its 
bore, the increase is nearly M/n. In flint glass this is ap- 
proximately about z455, when IJ is a ton-weight per square 
inch, 


Cylinder _ #282 The reader who has followed the above 
under investigation will find no difficulty in obtain- 
external ing the corresponding results for a cylindrical 
pressure. tube, closed at both ends and exposed to ex- 


ternal pressure MI, in the form 


EP Os pang a Sal 

da az — a2 3k’ 

p na Labia Are: 
tae pear eae ae 
dp imi lene aiff allows eae 


fumall 
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The only comments we need make are (1) that the signs of 
these distortions are now negative; (2) that they are (so 
far as change of volume is concerned) greater than for the 
internal pressure, as a? has taken the place of a3 as a factor 
in each term involving k; (3) that the terms involving the 
rigidity are, except as regards sign, unchanged. 

The change of volume of every part of the walls is 


Ma? 4.0 
Dos ae ee 
a3— a, k 


and the change of volume of the interior is 


Gite Lid oeias 
spa 3 -- 


The numerical value of the factor m (i+ x) is about zp 


for flint glass and about zj55 for steel, when II is a ton- 
weight per square inch. There is, however, a peculiarity 
which (when the walls are thick enough) distinguishes 
this from the preceding case, For k is usually considerably 
greater than n, so that a fortiori 3k is greater than 2hn. 
Hence, in the value of dp/dr, the term in n is always greater 
than that in k so long as the pressure is internal. Thus the 
radial effect is compression at all parts of the walls. But, 
when the pressure is external, we may (if the walls be thick 
enough) find a value of r for which 


1) apt 


In glass this occurs when r= 1°6ay nearly. At this distance 
from the axis there is no radial change of length ; at greater 
distances there is radial compression, and at smaller radial 
extension. This is indicated in the diagrams C and D in 
fig. 66, which like the former are greatly exaggerated. 
They represent the distortion of small spherical elements 
of a thick tube—the first at the inner wall, the second at 
the outer surface. As before, these are sections made by a 
plane perpendicular to the axis of the cylinder. 

2 283. In aspherical shell of internal and. ex- gypherical 
ternal radii @) and a,, the equations become a_ shell under 
little more simple on account of the more com- external 
plete symmetry. pressure. 

Using the same notation, so far as it is now applicable, 
we have 

dp _ 
ar 
The statical equation is 


of, ePy yo A= (07 Ppa 


d 
2rP, = Fie (PRE 


With these we obtain, for external pressure 0, the result 
Pie a yk ( 29 OO 
ra it 7a mie os ie 
from which the other equation may be derived by differen- 
tiation. 


2 284. The propagation of plane waves in an elastic 
solid has been discussed in Knasticrry, and the me- 
chanics of fluids is discussed under HyDROMECHANICS. 


GENERAL CONSIDERATIONS. 


2 285. The preceding view of the subject: 

of Abstract Dynamics has been based entire- crete” 
ly upon Newton’s Laws of Motion, which were tons. 
adopted without discussion, as a complete and perfect] 
definite foundation; and the terms employed, as well 
as the mode of treatment in general, have somewhat 
closely followed Newton’s system. The only consider- 
able apparent departure from that system is connected 
with the development of the idea of energy, and its 
application to the simplification of many of the methods 
and results, This also was, as we have seen, really 
introduced by Newton; but it has been immensely ex- 
tended since his time both by mathematical and by 
experimental processes. It is time that we should now 
return to the laws of motion, and examine more closely, 
in the light of what we have learned, one or two of 
the more prominent ideas which they embody. To do 
so fairly we must go back to Newton’s own definitions 
of the terms which he employs. About many of these 
which have already been quoted in 22 97-113, there is 
no difference of opinion. But it is otherwise when we 
come to the definition of ‘‘ force’’ (2@ 5, 104). 


MECHANICS. 


Force. a 5 : 
use of the term ‘‘ force’’ in modern science 


is that which is implied in the statement of the first 
law of motion, as we rendered it in 31 from Newton’s 
Latin. It is thus seen to be the English equivalent of 
the term vis impressa. Newton uses the word vis in 
other connections, and with a certain vagueness iney- 
itable at a time when the terminology of science was 
still only shaping itself; but his idea of ‘‘ force’? was 
perfectly definite, and when this is in his mind the 
vague word vis is (when necessary) always qualified 
- and rendered precise, either by the addition of vn- 
pressa or in some. equally unambiguous way. T'o 
render wis by ‘‘force,’’ wherever it stands without 
the 7mpressa or its equivalents, is to introduce a quite 
gratuitous confusion for which Newton is not responsi- 
ble. We have only to think of the multitude of terms, 
such as v/s fnsita (inertia), vis acceleratrix (accelera- 
tion), vis z/va (kinetic energy), etc., etc., to see that 
all such complex expressions must be regarded as 
wholes, and that vis does not mean “ force’? in any 
one of them. 

@ 286. Thus in Newton’s view force %s whatever 
changes (but not ‘‘or tends to change’’) a body's state 
of rest or of uniform motion in a straight line. 

He mentions, as instances, percussion, pressure, and 
central force. Under the last of these heads he ex- 

ressly includes magnetic as well as gravitational force. 
hus force may have different origins, but it is always 
one and the same; and it produces, in any body to 
which it is applied, a change of momentum in its own 
direction, and in amount proportional to its magnitude 
and to the time during which it acts. 
2 287. Thus, from Newton’s point of view, 
Equilib- 
oi a balancing of the effects of forces. When 
amass rests on a table, gravity produces in it a verti- 
cally downward velocity which is continually neutralized 
by the equal upward velocity produced by the reaction 
of the table ; and these forces, whose origins and places 
of application are alike so widely different, are (as 
forces), in every respect except direction, similar and 
equal. And they are so because they gear in equal 
times, equal’and opposite quantities of motion. 
Oriei % 288. The idea of ‘‘force’’ was undoubt- 
gin of ” 
the idea of edly suggested by the ‘‘ muscular sense; 
force. and there can be no question as to the viv- 
idness of the sensation of effort we experience when we 
try to lift a heavy weight or to opena massive gate. In 
this, as in other cases, it is the business of science to 
find what objective fact corresponds to the subjective 
data of sensation. It is very difficult to realize the 
fact, certain as it is, that light (in the sense of bright- 
ness) ig a mere sensation or subjective impression, and 
has no objective existence. Yet we know that, besides 
those radiations which give us the sensation of light, 
there are others, in endless series both higher and 
lower in their refrangibility, to which our eyes are 
absolutely blind. ‘And the only difference between 
these and the former is one of mere wave-length or 
of period of vibration. Similarly, it is very hard to 
realize the fact that sound (in the sense of novse) is 
only a sensation; and that outside us there is merely a 
series of alternate compressions and dilatations of the 
air, the great majority of which produce no sensible 
effect. upon ovr ears. Thus because we know that 
we should seek in vain for brightness or noise in the 
external world, familiar as our senses have rendered us 
with these conceptions, we are driven to inquire whether 
the idea of force may not also be a mere suggestion of 
sense, corresponding (no doubt) to some process going 
on outside us, but quite as different from the sensation 
which suggests it as a periodic shearing of the ether 
from brightness, or a periodic change of density of air 
from noise. 
1 Vis centripeta..It has been already explained that such words 


as centripeta include impressa, so that the above rendering of 
Newton's phrase is the obvious one, 


equilibrium is not a balancing of forces, but | 


There can be no doubt that the proper |, 
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2 289. So far, we have treated of force as 
acting on a body without inquiring whence 
or why; we have referred to the first and second laws 
of motion only, and have thus seen only one half of 
the phenomenon. As soon, however, as we turn to 
the third law, we find a new light cast on the question. 
Force is always dual. To every action there is always 
an equal and contrary reaction. Thus the weight which 
we lift or try to lift, and the massive gate which we 
open or try to open, both as truly exert force upon our 
hands as we do upon them. ‘This looking to the other 
side of the account, as it were, puts matters in a very 
different aspect. ‘Do you mean to tell me,”’ said a med- 
ical man of the old school, ‘‘ that, if [ pull a ‘ subject’ 
by the hand, it will pull me with an equal and opposite 
force?’’ When he was convinced of the truth of this 
statement, he gave up the objectivity of force at once. 

2290. The third law, in modern phrase- qengion 
ology, is merely this:— and press- 

Every action between two bodies 7s a stress, Ure- 

When we pull one end of a string, the other end 
being fixed, we produce what is called tension in. the 
string. When we push one end of a beam, of which 
the other end is fixed, we produce what is called press- 
ure throughout the heam. Leaving out of account, for 
the moment, the effects of gravity, this merely amounts 
to saying that there is stress across every transverse 
section of the string or beam. But, in the case of the 
string, the part of the stress which every portion exerts 
on the adjoining portion is a pull; in the case of the 
beam it isa push. And all this distribution of stress, 
though exerted across every one of the infinitely nu- 
merous cross sections of the string or beam, disappears 
the moment we let go the end. We can thus, by a 
touch, call into action at will an infinite number of 
stresses, and put them out of existence again as 
easily. This, of itself, is a very strong argument 
against the supposition that force, in any form, can 
have objective reality. 

2291. We must now say a word or two 
on the question of the objective realities in 
the physical world. If we inquire carefully 
into the grounds we have for believing that matter 
(whatever it may be) has objective existence, we find 
that by far the most convincing of them is what may 
be called the ‘“‘ conservation of matter.’’ This means 
that, do what we will, we cannot alter the mass or 
quantity of a portion of matter. We may change its 
form, dimensions, state of aggregation, ete., or (by 
chemical processes) we may entirely alter its appear- 
ance and properties, but its quantity remains unchanged. 
Tt is this experimental result which has led, by the aid 
of the balance, to the immense developments of mod- 
ern chemistry. If we receive this as evidence of the 
objective reality of matter, we must allow objective 
reality to anything else which we find to be conserved 
in the same sense as matter is conserved. Now there is 
no such thing as negative mass; mass is, In mathematical 
language, a signless quantity. Hence the conservation 
of matter does not contemplate the simultaneous pro- 
duction of equal quantities of positive and negative 
mass, thus leaving the (algebraic) sum unchanged. 
But this is the nature of conservation of momentum 
(2165) and of moment of momentum. The only other 
known thing in the physical universe, which is con- 
served in the same sense as matter is conserved, is 
energy. Hence we naturally consider energy as the 
other objective reality in the physical universe, and 
look to it for information as to the true nature of what 
we call force: 

2 292. When we do so, the answer is eas- pine 
ily obtained, and in a completely satisfactory nature of 
form. We give only a very simple instance. 107¢e- 
When a stone, whose mass is M and weight W, has 
fallen through a space 4 towards the earth, it has ac- 
quired a speed v, which (# 28) is given by the equation 


Stress, 


Objective 
physical 
realities, 


4Mv2 = Wh. 
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This is a particular case of the conservation of energy, 
but the terms in which it is expressed are those sug- 
gested by Newton's laws of motion, and are therefore 
based on the recognition of ‘‘foree.’”’ The first member 
of the equation represents the kinetic energy acquired ; 
the second the potential energy lost, or the work done 
by grayity upon the stone during its fall. Both members 
therefore express real things, having objective exist- 
ence. 

But the ‘‘foree’’ (so-called) which is 
said to have produced the motion, has the 
value 


Space-rate 
of transfor- 
mation of 
energy. 


W =3Mv2/h, 


i. e., it is the rate per unit of length, at which potential 
energy is converted into kinetic energy during the fall. 
In other words, it is merely an expression for the space- 
rate at which energy vs transformed. 

2 293. Another mode of presenting the case will 
make this still more clear. ‘The average speed with 
which the stone falls is (% 28) v/2. Divide Poth sides 
of the equation above by this quantity, remembering 
that 2h/v is the time of falling, which we call 4. We 
have thus, as another perfectly legitimate 
deduction from our premises, 

W = Mot. 


Here the (so-called) force appears in a new light. It 
is now the time-rate at which momentum ws generated 
in the falling stone. 

2 294. The statements in the two last sections are, in 
fact, merely particular cases of Newton’s two interpre- 
tations of action in the third law, which have already 
been discussed (42 165, 167). 

Analytically, the whole affair is merely this: if s be the 
space described, v the speed of a particle, 

dv dv ds dv | 

Ot ap ds) adie ce 

Hence the equation of motion (formed by the second law) 
ms =m =f, 

which gives fas the time-rate of increase of momentum, 

may be written in the new form 


d a 4 
mo a= ae (Amv?) = f,. 


Time-rate 

of change 

of momen- 
tum, 


s=v= 


giving fas the space-rate of increase of kinetic energy. 


2295. But a mere rate, be it a space-rate 
or a time-rate, is not a thing which has ob- 
jective existence. No one would confound the bank 
rate of interest with a sum of money, nor the birth or 
death rate of a country with a group of individual 
human beings. These rates are, in fact, mere abstract 
numbers, by the help of which a man may compute 
interest per annum from the amount of capital, or the 
number of infants per annum from the amount of the 
population. The gradient of temperature, in an irree- 
ularly heated body, is a mere vector-rate, by the help 
which we can caleulate how much energy (in the form 
of heat) passes in a given time across any assigned 
surface in the body. ‘To attribute objectivity to a rate 
is even more ridiculous than it would be to attribute it 
to a sensation, or to a thought, or to a word or phrase 
which we find useful in characterizing some material 
object. 

2 296. On the other hand, all these different kinds 
of rates have been introduced and continue to be em- 

loyed, because they have been found to be useful. 
"here ig no harm done by retaining them, provided 
those who use them know that they are introduced for 
convenience of expression, and not because there are 
objective realities corresponding to them. Even such 
a term as ‘‘ centrifugal force’’ is sometimes useful; but 
always under the proviso that he who employs it shall 
remember that it is only one side of the stress under 
which a particle of matter is compelled, in spite of its 
inertia, to move in a curved line. But the term must 
be taken, like “algebra,’’ ‘‘theodolite,” ‘ Abracada- 
bra,’’ or any other combination of letters whose deriva- 


Rate. 


tion is uncertain or unknown, as one and indivisible, to | 
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which a certain definite meaning is attached, and as 
having nothing whatever to do with the meaning or 
derivation of the word centrifugal, whose embodiment 
in it ig a perennial monument to the memory of an old 
error. 

4297. The main characteristics of energy, potential 
especially from the experimental point of energy ki- 
view, have already been discussed under Pete: 
Dynamics (qg. v.) and EnErey (q. v.). But there is 
one point of importance connected with it which 
comes more naturally here than in either of the articles 
referred to. 

When two measurable quantities, of any kind, are 
equivalent to one another, their numerical expressions 
must involve the same fundamental units, and in the 
same manner. ‘This is obvious from the fact that an 
alteration of any unit alters in the inverse ratio the 
numerical measure of any quantity which is a mere 
multiple of it. And equivalent quantities must always 
be expressed by equal numbers when both are meas- 
ured in terms of the same system of units. It appears, 
therefore, from the conservation of energy directly, as 
well as from the special data in 24 111, 118, that poten- 
tial energy must, like kinetic energy, be of dimensions 
AB ee 

Now it is impossible to conceive of a truly dormant 
form of energy whose magnitude should depend in any 
way on the unit of time; and we are therefore forced 
to the conclusion that potential energy, like kinetic en- 
ergy, depends (in some as yet unexplained, or rather 
unimagined, way) upon motion. For the immediate 
purposes of this article the question is not one of im- 
portance. We have been dealing with the more direct 
consequences of a very compact set of laws, exceed- 
ingly simple in themselves, originally based upon ob- | 
servation and experiment, and, most certainly, true. 
But reason cannot content itself with the mere conse- 
quences of a series of observed facts, however elegantly 
and concisely these may be stated by the help of new 
terms and their definitions. We are forced to inquire 
into what may underlie these definitions, and the laws 
which are observed to regulate the things signified by 
them. And the conclusion which appears inevitable is 
that, whatever matter may be, the other reality in the — 
physical universe, energy, which is never found unasso- 
ciated with matter, depends in all its widely varied — 
forms upon motion of matter. In some cases we are | 
sure, in others we can as yet only suspect, that it de- | 
pends upon motions in a medium which, unlike ordinary | 
matter, has not yet been subjected to the scrutiny of — 
the chemist. But the question, in its generality, is one — 
of the most obscure in the whole range of physics. In 
the articles Arom, Arrraction, Hramr, will be found 
nearly all that is yet known on this profoundly difficult — 
subject. But to what is there said must be added the — 
remark that a state of strain of the ether, whether 
associated with the propagation of light and radiant 
heat or with a statical distribution of electricity, repre- 
sents so much ‘‘ potential’? energy, and must in its 
turn in some way depend on motion. 

7 298. The remarks of Clerk Maxwell on maxwell 
the nature of the evidence for Newton’s 0m inertia. 
jirst law of motion raise a question in some respects 
novel, but in all respects wel worthy of careful study. 
He says :— . 

“Our conviction of the truth of this law may be greatly 
strengthened by considering what is involved in a denial 
of it. Given a body in motion. Ata given instant let it 
be left to itself and not acted on by any force. What will 
happen? According to Newton’s lIaw it will persevere in 
moving wniformly in a straight line; that is, its velocity 
will remain constant both in direetion and magnitude. 

“Tf the velocity does not remain constant let us suppose 
it to vary. The change of velocity must have a definite 
direction and magnitude. By the maxim that the same. 
causes will always produce the same effects, this variation 
must be the same whatever be the time or place of the 
experiment. The direction of the change of motion niust 
therefore be determined either by the direction of the motion 
itself, or by some direction fixed in the body. Let us, in 
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the first place, suppose the law to be that the velocity 
diminishes ata certain rate,which, for the sake of the argu- 
ment, we may suppose so slow that by no experiments on 
moving bodies could we have detected the diminution of 
velocity in hundreds of years. The velocity referred to in 
this hypothetical law can only be the velocity referred toa 
point absolutely at rest. For if it is a relative velocity, its 
direction as well as its magnitude depends on the velocity 
of the point of reference. If, when referred to a certain 
point, the body appears to be moving northward with 
diminishing velocity, we have only to refer it to another 
point moying northward with a uniform velocity greater 
than that of the body, and it will appear to be moving 
southward with increasing velocity. Hence the hypothet- 
ical law is without meaning, unless we admit the possibil- 
ity of defining absolute rest and absolute velocity. ... 

“Tt may thus be shown that the denial of Newton’s law 
is in contradiction to the only system of consistent doc- 
trine about space and time which the human mind has 
been able to form.” 


Principle This is a good example of a valuable ap- 
of sufficient plication of a principle which, in its widest 
maces scope, is inconsistent with the true founda- 
tions of physical science. It is, in fact, the exceedingly 
dangerous ‘‘ principle of sufficient reason’’—which re- 
quires for its legitimate use the utmost talent and 
knowledge on the part of the user. 

True laws 2299. But in all methods and systems 
of motion. which involve the idea of force there is the 
leaven of artificiality. The true laws of motion, based 
entirely on experiments of the most extensive and 
most varied kinds, are those of the conservation and 
of the transformation of energy. With the help of 
kinematical ideas, it is easy to base the whole science 
of dynamics on these principles; and there is no neces- 
sity for the introduction of the word ‘‘force’’ nor of 
the sense-suggested ideas on which it was originally 
based. 

% 300. Nothing beyond a mere mention has been 
made above of virtual velocities, and of the so-called 
elementary machines. These belong to the subject of 
Applied Mechanics, separately treated below. 

* $301. The references which have been made to va- 
rious grand theories, such as action, impulse in general, 
ete., have been illustrated by simple cases only. For a 
detailed examination of these theories the reader is 
referred to Thomson and Tait’s Natural Philosophy, 
chap. ii. ‘To the same work he is referred for the 
eneral ‘‘ theory of small oscillations,’ the ‘‘ dissipative 
‘unction,’”’ the ‘‘ignoration of co-ordinates.’’ the treat- 
ment of ‘‘gyrostatic systems’’ and of ‘kinetic stabil- 
ity.’ All of these have been exhibited, though in 
mere particular instances, in the preceding pages. 
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2 302. The following works on Mechanics are indispen- 
sable :— 

1. Newton’s Principia (1st ed., 1687; latest ed., Glasgow, 
1871). Here, for the first time, the fundamental principles 
were systematized, extended (as we have seen) in a most 
vital particular, and applied, by the aid of a new math- 
ematical method of immense power (based entirely on ki- 
nematical considerations), to many of the most important 
questions of cosmical and terrestrial dynamics. 

Newton’s system was first taught in the University of 
Edinburgh; and, with brief intervals, his methods also 
have been habitually kept before the students there. From 
the time of Maclaurin to that of Forbes the value of the 
quasi-geometrical methods in giving a clear insight into 
the problems treated has rarely been overlooked. In Cam- 
bridge these methods were of later introduction, but they 
still deservedly figure as a necessary part of the reading 
of candidates for “mathematical honors.” It is to be 
feared, however, that in some other British universities 
the study of Newton’s methods is not prosecuted to any- 
thing like the same extent. But the very reverse seems 
to be the case in America, where, probably to a consider- 
able extent on this account, mathematical physics is ad- 
vancing in a most remarkable manner. 

2. Lagrange’s Mécanique Analytique (1st ed., 1788). Though 
objections may fairly be taken to the fundamental method 

of this work, there can be no question as to the immense 
power and originality of its author. His ‘ generalized co- 
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ordinates,” and the equations of motion of a system in 


terms of these, form one of the most important contribu- 
tions to the science since the days of Newton. The method 
of Lagrange, though he was not aware of the fact, is really 
based upon the consideration of energy ; and when, in quite 
recent times, experiment had shown what are the grand 
laws of energy, Lagrange’s magnificent mathematical 
methods and results were ready for translation into the 
new language of science. 

3. Hamilton’s papers in the Philosophical Transactions for 
1833 and 1834. Here the principle of varying action, and 
the characteristic function, were first applied to mechanics ; 
—though they had been given, some years before, to the 
Royal Irish Academy, in their optical applications. Grand 
as have been the extensions of these new ideas made by 
Hamilton himself, and by many others, among whom Jacobi 
and Liouville may be especially mentioned, they have been 
mainly in a purely mathematical direction. We wait 
for what cannot now be long delayed, the coming of 
the philosopher who is to tell us the true dynamical 
bearings of varying action and of the characteristic 
function. 

4. If to these we add some of the works of Galileo. 
Huygens, Euler, Maclaurin, and D’Alembert, we have the 
great landmarks in the history of the subject, as distin- 
guished from its development. 

5. The mere enumeration of the more important devel- 
opments which the subject has received, as distinguished 
from the absolutely new grand ideas and methods intro- 
duced, would require a long article. Brilliant examples 
of what may be done in this direction are furnished by 
Stokes’s ‘‘ Report on Recent Researches in Hydrodynamics” 
and by Cayley’s ‘Reports on Theoretical Dynamics” 
(printed in the British Association Reports for 1846, and for 
1857 and 1862). These should be consulted by every stu- 
dent who desires to trace the growth of the subject. They 
have been succeeded, in the same Reports (1880, 1881) by 
two excellent summaries, by Hicks, of ‘‘ Recent Progress in 
Hydrodynamics.” 

But Laplace’s Mécanique Celeste, Poissan’s Mécanique, 
Poinsot’s Théorie Nouvelle de la Rotation, ete., more or less 
parts of the immediate outcome of the period when France 
intellectually dwarfed the rest of the world, are still of far 
more than mere histori¢ value. 

For the English-reading student of modern times, the 
work of Thomson and Tait will be found suitable. The 
authors of this work, claim the position of “ restorers,” not 
of innovators; and they have (since 1863, when the first 
short sketch of their work was published) striven with sue- 
cess to re-establish in Britain Newton’s grand yet simple 
foundations of the subject. But these foundations, as 
stated above, are only temporarily the best. We have not, 
as yet, anything nearly so good, 

Other modern works of value are the Analytic Mechanics 
of the late Professor Peirce (Boston, 1855) and Kirehhoff’s 
Vorlesungen tiber Mathematische Physik (Leipsic, 1876). Both 
are rather of the nature of collections of short treatises on 
special questions than organized wholes, but both will well 
repay careful reading. This, in the case of Peirce’s work, 
is rendered extremely puzzling and laborious by the 
peculiar notations and modes of reference adopted by the 
author. It is particularly interesting to study the ways in 
which the fundamental principles are introduced in these 
works, and to compare them with the corresponding parts 
of the works of Newton and Lagrange. Lagrange, Peirce, 
and Kirchhoff construct each a system as free from any- 
thing but analysis as possible. In fact Lagrange prefaces 
his work by the characteristic statement, ‘On ne trouvera 
point de Figures dans cet ouvrage. Les méthodes que j’y 
expose ne demandent ni constructions, ni raisonnemens 
géométriques ou méchaniques, mais seulement des opéra- 
tions algébriques, assujetties 4 une marche réguliere et 
uniforme, Ceux qui aiment l’Analyse verront avec plaisir 
la Méchanique en devenir une nouvelle branche.” . . . 
How far we have considered it expedient to differ from 
such an authority, a glance at the preceding pages will 
show. 

A part of the detailed work of several of the examples 
above given in Dynamics of a Particle has been taken from 
the elementary treatise (with that title) of Tait and Steele. 
The English reader who wishes to pursue elementary 
Staties may profitably consult the treatise of Minchin. The 
higher parts are discussed in the work of Somoff, Theore- 
tische Mechanik (Leipsic, 1879), An excellent introduction 
to the use of Generalized Co-ordinates has been published 
by Watson and Burbury (1879). On Lagrange’s Generalized 
Equations the student should also read in Maxwell’s Trea- 
tise on Electricity and Magnetism, part iv. chap. v. And 
Maxwell’s brief treatise on Matter and Motion should be in 
| the hands of every one commencing the subject, 
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APPLIED MECHANICS. 


1. The practical applications of mechanics may be divided 
into two classes, according as the assemblages of material 
objects to whieh they relate are intended to remain fixed 
or to move relatively to each other,—the former class being 
comprehended under the term ‘Theory of Structures,” 
and the latter under the term “Theory of Machines.” As 
the details of the theory of structures are dealt with in 
other articles, it will be treated of here to such extent only 
as may be necessary in order to state certain general prin- 
ciples applicable.to all these subjects. The greater part of 
the article will relate to machines. 


PART I. OUTLINE OF THE THEORY OF 
STRUCTURES. 


2. Support of Structwres—LEvery structure, as a whole, is 
maintained in equilibrium by the joint action of its own 
weight, of the external load or pressure applied to it from 
without and tending to displace it, and of the resistance of 
the material which supports it. A structure is supported 
either by resting on the solid crust of the earth, as build- 
ings do, or by floating in a fluid, as ships do in water and 
balloons in air. The principles of the support of a floating 
structure form an important part of HybROMECHANICS 
(q.v.). The principles of the support, as a whole, of a 
structure resting on the land, are so far identical with 
those which regulate the equilibrium and stability of the 
several parts of that structure, and of which a summary 
will presently be given, that the only principle which 
seems to require special mention here is one which com- 
prehends in one statement the power both of liquids and 
of loose earth to support structures, and which was first 
demonstrated in a paper ‘‘On the Stability of Loose Earth,” 
read to the Royal Society on the 19th of June, 1856, and 
published in the Philosophical Transactions for that year, 
viz. :-— 

Let E represent the weight of the portion of a horizontal 
stratum of earth which is displaced by the foundation of a 
structure, S the utmost weight of that structure consistently 
with the power of the earth to resist displacement, ¢ the 
angle of repose of the earth; then 

Dae (; +sin ¢\? 
E 1—sing) - 


To apply this to liquids, 6 must be made =0, and then 
ae 1, as is well known. 
3. Composition of a Structure, and Connection of its Pieces.— 
A structure is composed of pieces,—such as the stones of a 
building in masonry, the beams of a timber frame-work, 
the bars, plates, and bolts of an iron bridge. Those pieces 
are connected at their joints or surfaces of mutual contact, 
either by simple pressure and friction (as in masonry with 
moist mortar or without mortar), by pressure and adhesion 
(as in masonry with cement or with hardened mortar, and 
timber with glue), or by the resistance of fastenings of 
different kinds, whether made by means of the form of the 
joint (as dovetails, notches, mortises, and tenons) or by 
separate fastening pieces (as trenails, pins, spikes, nails, 
holdfasts, screws, bolts, rivets, hoops, straps, and sockets). 

4. Stability, Stiffness, and Strength.—A structure may be 
damaged or destroyed in three ways :—first, by displace- 


ment of its pieces from their proper positions relatively to 
each other or to the earth; secondly, by disfigurement of 
one or more of those pieces, owing to their being unable to 
preserve their proper shapes under the pressures to which 
they are subjected; thirdly, by breaking of one or more of 
those pieces. The power of resisting displacement con- 
stitutes stability ; the power of each piece to resist disfigure- 
ment is its stiffness; and its power to resist breaking, its 
strength. 

5. Conditions of Stability —The principles of the stability 
of astructure can be to a certain extent investigated in- 
dependently of the stiffness and strength, by assuming, in 
the first instance, that each piece has strength sufficient to 
be safe against being broken, and stiffness sufficient to pre- 
vent its being disfigured to an extent inconsistent with the 
purposes of the structure, by the greatest forces which are 
to be applied to it. The condition that each piece of the 
structure is to be maintained in equilibrium by haying its 
gross load, consisting of its own weight and of the external 
pressure applied to it, balanced by the resistances or press- 
ures exerted between it and the contiguous pieces, fur- 
nishes the means of determining the magnitude, position, 
and direction of the resistances required at each joint in 
order to produce equilibrium ; and the conditions of stability 
are, first, that the position, and, secondly, that the direction, 
of the resistance required at each joint shall, under all the 
variations to which the load is subject, be such as the joint 
is capable of exerting,—conditions which are fulfilled by 
suitably adjusting the figures and positions of the joints, 
and the ratios of the gross loads of the pieces. As for the 
magnitude of the resistance, it is limited by conditions, not 
of stability, but of strength and stiffness. 

6. Principle of Least Resistance-—Where more than one 
system of resistances are alike capable of balancing the 
same system of loads applied to a given structure, it has 
been demonstrated by Moseley that the smallest of those 
alternative systems is that which will actually be exerted,— 
because the resistances to displacement are the effect of a 
strained state of the pieces, which strained state is the 
effect of the load, and when the load is applied the strained 
state and the resistances produced by it increase until the 
resistances acquire just those magnitudes which are sufli- 
cient to balance the load, after which they inerease no 
further. ‘ 

This principle of least resistance renders determinate 
many problems in the statics of structures which were 
formerly considered indeterminate. 

7. Relations between Polygons of Loads and of Resistances.— 
In a structure in which each piece is supported at two 
joints only, the well-known laws of statics show that the 
directions of the gross load on each piece and of the two 
resistances by which it is supported must lie in one plane, 
must either be parallel or meet in one point, and must 
bear to each other, if not parallel, the proportions of the 
sides of a triangle respectively parallel to thei directions, 
and, if parallel, such proportions that each of the three 
forces shall be proportional to the distance between the 
other two,—all the three distances being measured along 
one direction. 

Considering, in the first place, the case in which the load 
and the two resistances by which each piece is balanced 


APPLIED MECHANICS. | 


meet in one point, which may be called the centre of load, 
there will be as many such points of intersection, or centres 
of load, as there are pieces in the structure; and the direc- 
tions and positions of the resistances or mutual pressures 
exerted between the pieces will be represented by the sides 
of a polygon joining those points, as in fig. 1, where P,, Ps, 
Ps, P4 represent the centres of load in a structure of four 
pieces, and the sides of the polygon of resistances PyP,P3P4 


B2 bz 


a3 _ Ps 


Fig. 1. 


represent respectively the directions and positions of the 
resistances exerted at the joints. Further, at any one of 
the centres of load let PL represent the magnitude and 
direction of the gross load, and Pa, Pb the two resistances 
by which the piece to which that load is applied is sup- 
ported; then will those three lines be respectively the 
diagonal and sides of a parallelogram ; or, what is the same 
thing, they will be equal to the three sides of a triangle ; 
and they must be in the same plane, although the sides of 
the polygon of resistances may be in different planes. 

According to a well-known principle of statics, because 
the loads or external pressures P,L,, etc., balance each 
other, they must be proportional 
to the sides of a closed polygon 
drawn respectively parallel to 
their directions. In fig. 2 con- 
struct such a polygon of loads by 
drawing the lines Ly, ete., paral- 
Jel and proportional to, and joined 
end to end in the order of, the 
gross loads on the pieces of the 
structure. Then from the pro- 
portionality and parallelism of 
‘the load and the two resistances 
applied to each piece of the struc- 
ture to the three sides of a tri- 
angle, there results the follow- 
ing theorem [originally due to 
Rankine] :— 

Tf from the angles of the polygon of loads there be drawn lines 
(R,, Ro, ete.), each of which is parallel to the resistance (as 
P, Ps, ete.) exerted at the joint between the pieces to which the 
too loads represented by the contiguous sides of the polygon of 
loads (such as Ly, Lg, ete.) are applied; then will all those 
lines meet in one point (O), and their lengths, measured from 
that point to the angles of the polygon, will represent the magni- 
tudes of the resistances to which they are respectively parallel. 

When the load on one of the pieces is parallel to the re- 

sistances which balance it, the polygon of resistances ceases 
to be closed, two of the sides becoming parallel to each 
other and to the load in question, and extending indef- 
initely. In the polygon of loads the direction of a load 
sustained by parallel resistances traverses the point O. 
' 8. How the Earth’s Resistance is to be treated.—When the 
pressure exerted by a structure on the earth (to which the 
earth’s resistance is equal and opposite) consists either of 
one pressure, which is necessarily the resultant of the 
weight of the structure and of all the other forces applied 
to it, or of two or more parallel vertical forces, whose 
amount ¢an be determined at the outset of the investiga- 
tion, the resistance of the earth can be treated as one or 
more upward loads applied to the structure. But in other 
cases the earth is to be treated as one of the pieces of the 
structyre, loaded with a force equal and opposite in direc- 
tion and position to the resultant of the weight of the 
structure and of the other pressures applied to it. 

9. Partial Polygons of Resistance.—In a structure in which 
there are pieces supported at more than two joints, let a 
polygon be constructed of lines connecting the centres of 
load of any continuous series of pieces. This may be called 
a partial polygon of resistances. In considering ils proper- 
ties, the load at each centre of load is to be held to include 
the resistances of those joints which are not comprehended 
in the partial polygon of resistances, to which the theorem 
of seetion 7 will then apply in every respect. By construct- 

- ing several partial polygons, and computing the relations 
between the loads and resistances which are determined by 
the application of that theorem to each of them, with the 
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aid, if necessary, of Moseley’s principle of the least resist- 
ance, the whole of the relations amongst the loads and re- 
sistances may be found. 

10. Line of Presswres—Centres and Line of Resistonce-—The 
line of pressures is a line to which the directions of all the 
resistances in one polygon are tangents. The centre of resist- 
ance at any joint is the point where the line representing 
the total resistance exerted at that joint intersects the 
joint. The line of resistance is a line traversing all the 
centres of resistance of a series of joints,—its form, in the 
positions intermediate between the actual joints of the 
structure, being determined by supposing the pieces and 
their loads to be subdivided by the introduction of inter- 
mediate joints ad infinitum, and finding the continuous line, 
curved or straight, in which the intermediate centres of 
resistance are all situated, however great their number. 
The difference between the line of resistance and the line 
of pressures was first pointed out by Moseley. 

11. Stability of Position, and Stability of Friction.—The re- 
sistances at the several joints having oe determined by 
the principles set forth in sections 6, 7, 8, 9, and 10, not only 
under the ordinary load of the structure, “but under all the 
variations to which the load is subject as to amount and 
distribution, the joints are now to be placed and shaped so 
that the pieces shall not suffer relative displacement under 
any of those loads. The relative displacement of the two 
pieces which abut against each other at a joint may take 
place either by turning or bysliding. Safety against dis- 
placement by turning is called stability of position; safety 
against displacement by sliding, stability of friction. 

12. Condition of Stability of Position.—If the materials of 
a structure were infinitely stiff and strong, stability of posi- 
tion at any joint would be ensured simply by making the 
centre of resistance fall within the joint under all possible 
variations of load. In order to allow for the finite stiffness 
and strength of materials, the least distance of the centre 
of resistance inward from the nearest edge of the joint is 
made to bear a definite proportion to the depth of the joint 
measured in the same direction, which proportion is fixed, 
sometimes empirically, sometimes by theoretical deduction 
from the laws of the strength of materials. That least dis- 
tance is called by Moseley the modulus of stability. The fol- 
lowing are some of the ratios of the modulus of stability 
to the depth of the joint which occur in practice :— 


Retaining walls, as designed by British engineers....... 1:8 
Retaining walls, as designed by French engineers........ LTS: 
Rectangular piers of bridges and other buildings, ae 

arch-stones 1:3 
Rectangular foundations, firm ground... 1:3 
Rectangular foundations, very soft ground.. 1:2 
Rectangular foundations, intermediate kinds of 

BOORPUN TEC rr Fe Pate aah eN a eho cenas ny cen vakoeriiresWckaceesetsnsysraeetysees 1:3to01:2 
Thin, hollow towers (such as furnace siarerapiahae ex- 

posed to high winds), square 3 1:6 
Thin, hollow towers, circular... 5 1:4 
Frames of timber or metal, under their ordinary or 

average distribution of TOC ey cee Mea ee Bis Day 
Frames of timber or metal, under the greatest irregu- 

VaritlGBioPel Gad cater ceusvaes ccssdesicrseppebek ivan sddeds.ceetceceshee 1:3 


In the case of the towers, the depth of the joimt is to be 
understood to mean the diameter of the tower. 

13. Condition of Stability of Friction.—If the resistance to 
be exerted at ajoint is always perpendicular to the surfaces 
which abut at and form that joint, 
there is no tendency of the pieces 
to be displaced by sliding. If the 
resistance be oblique, let JK (fig. 
3) be the joint, C its centre of re- 
sistance, CR a line representing 
the resistance, CN a perpendic- 
ular to the joint at the centre of 
resistance. The angle NCR is the 
obliquity of the resistance. From 
R draw RP parallel and RQ per- 
pendicular to the joint ; then, by 
the principles of statics, the com- 
ponent of the resistance normal to 


CP = CR. cos=PRC; 
and the component tangential to the joint is— 
CQ = CR. sinzz PCR = CP. . tan=PCR. 


If the joint be provided either with projections and re- 
cesses, such as mortises and tenons, or with fastenings, such 
as pins or bolts, so as to resist displacement by sliding, the 
question of the utmost amount of the tangential resistance 
CQ which it is capable of exerting depends on the strength 
of such projections, recesses, or fastenings, and belongs to 
the subject of strength, and not to that of stability. In 
other cases the safety of the joint against displacement by 
sliding depends on its power of exerting friction, and that 
power depends on the law, known by experiment, that the 


Fig. 3. 


the joint is— 
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friction between two surfaces bears a constant ratio, de- 
pending on the nature of the surfaces, to the force by 
which they are pressed together. In order that the sur- 
faces which abut at the joint JK may be pressed together, 
the resistance required by the conditions of equilibrium, 
CR, must be a thrust and not a pull; and in that case the 
force by which the surfaces are pressed’ together is equal 
and opposite to the normal component CP of the resistance. 
The condition of stability of friction is that the tangential 
component CQ of the resistance required shall not exceed 
the friction due to the normal component; that is, that 

CQ> f. CP, 
where f denotes the coefficient of friction for the surfaces in 
question. The angle whose tangent is the coefficient of 
friction is called the angle of repose, and is expressed sym- 
bolically by— 

=tan—1f. 

Now CQ = CP. tan<PCR; 


consequently the condition of stability of friction is ful- 
filled if ZPORYS: 

that is to say, if the obliquity of the resistance required at the 
joint does not exceed the angle of repose; and this condition 
ought to be fulfilled under all possible variations of the 
load. 

It is chiefly in masonry and earthwork that stability of 
friction is relied on. 

14. Stability of Friction in Earth.—The grains of a mass of 
loose earth are to be regarded as so many separate pieces 
abutting against each other at joints in all possible posi- 
tions, and depending for their stability on friction. To de- 
termine whether a mass of earth is stable at a given point, 
conceive that point to be traversed by planes in all possible 
positions, and determine which position gives the greatest 
obliquity to the total pressure exerted between the portions 
of the mass which abut against each other at the plane. 
The condition of stability is that this obliquity shall not 
exceed the angle of repose of the earth, The consequences 
of this principle are developed in a paper “ On the Sta- 
bility of Loose Earth,” already cited in sect. 2. 

15. Parallel Projections of Figures.—If any figure be re- 
ferred to a system of co-ordinates, rectangular or oblique, 
and if a second figure be constructed by means of a second 
system of co-ordinates, rectangular or oblique, and either 
agreeing with or differing from the first system in rectan- 
gularity or obliquity, but so related to the co-ordinates of 
the first figure that for each point in the first figure there 
shall be a corresponding point in the second figure, the 
lengths of whose co-ordinates shall bear respectively to the 
three corresponding co-ordinates of the corresponding point 
in the first figure three ratios which are the same for every 
pair of corresponding points in the two figures, these corres- 
ponding figures are called parallel projections of each other. 
The properties of parallel projections of most importance 
to the subject of the present article are the following :— 

(1) A parallel projection of a straight line is a straight 
line. 

(2) A parallel projection of a plane is a plane. 

(3) A parallel projection of a straight line or a plane sur- 
face divided in a given ratio is a straight line or a plane 
surface divided in the same ratio. 

(4) A parallel projection of a pair of equal and parallel 
straight lines, or plain surfaces, is a pair of equal and par- 
allel straight lines, or plane surfaces ; whence it follows 

(5) That a parallel projection of a parallelogram is a 
parallelogram, and 

(6). Thata parallel projection of a parallepiped is a paralle- 
piped. 

(7) A parallel projection of a pair of solids having a 
given ratio is a pair of solids having the same ratio. 

Though not essential for the purposes of the present ar- 
ticle, the following consequence will serve to illustrate the 
principle of parallel projections :— 

(8) A parallel projection of a curve, or ofa surface of a 
given algebraical order, is a curve or a surface of the same 
order. 

For example, all ellipsoids referred to co-ordinates par- 
allel to any three conjugate diameters are parallel projec- 
tions of each other and of a sphere referred to rectangular 
co-ordinates. 

16. Parallel Projections of Systems of Forces.—If a balanced 
system of forces be represented by a system of lines, then 
will every parallel projection of that system of lines rep- 
resent a balanced system of forces, 

For the condition of equilibrium of forces not parallel is 
that they shall be represented in direction and magnitude 
by the sides and diagonals of certain parallelograms, and 
of parallel forces that they shall divide certain straight 
lines in certain ratios; and the parallel projection 
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of a parallelogram is a parallelogram, and that of a straight, 
line divided in a given ratio is a straight line divided in 
the same ratio. : 

The resultant of a parallel projection of any system of 
forces is the projection of their resultant; and the centre 
of gravity of a parallel projection of a solid is the projec- 
tion of the centre of gravity of the first solid. 

17. Principle of the Transformation of Structures.—Here 
we have the following theorem:—If astructure of a given 
figure have stability of position under a system of forces 
represented by a given system of lines, then will any 
structure whose figure is a parallel projection of that of 
the first structure have stability of position under asystem 
of forces represented by the corresponding projection of 
the first system of lines. 

For in the second structure the weights, external press- 
ures, and resistances will balance each other as in the first 
structure; the weights of the pieces and all other parallel 
systems of forces will have the same ratios as in the first 
structure; and the several centres of resistance will divide 
the depths of the joints in the same proportions as in the 
first structure. 

If the first structure have stability of friction, the sec- 
ond structure will have stability of friction also, so longas 
the effect of the projection is not to increase the obliquity 
of the resistance at any joint beyond the angle of repose. 

The lines representing the forces in the second figure. 
show their relative directions and magnitudes. To find 
their absolute directions and magnitudes, a vertical line is 
to be drawn in the first figure, of sucha length as to rep- 
resent the weight of a particular portion of the structure, 
Then will the projection of that line in the projected figure 
indicate the vertical direction, and represent the weight of 
the part of the second structure corresponding to the before- 
mentioned portion of the first structure, 

The foregoing “ principle of the transformation of struc- 
tures” was first announced, though in a somewhat less com- 
prehensive form, to the Royal Society on the 6th of March, 
1856. It is useful in practice, by enabling the engineer 
easily to deduce the conditions of equilibrium and stability 
of structures of complex and unsymmetrical figures from 
those of structures of simple and symmetrical figures. By 
its aid, for example, the whole of the properties of ellipti- 
cal arches, whether square or skew, whether level or slop- 
ing in their span, are at once deduced by projection from 
those of symmetrical circular arches, and the properties of - 
ellipsoidal and elliptic-conoidal domes from those of hemi- 
spherical and circular-conoidal domes; and the figures of 
arches fitted to resist the thrust of earth, which is less 
horizontally than vertically in a certain given ratio, can be 
deduced by a projection from those of arches fitted to resist 
the thrust of a liquid, which is of equal intensity, horizon- 
tally and vertically. p 

18. Conditions of Stiffness and Strength.—After the arrange- 
ment of the pieces of a structure and the size and figure 
of their joints or surfaces of contact have been determined 
so as to fulfil the conditions of stability,—conditions which 
depend mainly on the position and direction of the result- 
ant or total load on each piece, and the relative magnitude 
of the loads on the different pieces,—the dimensions of 
each piece singly have to be adjusted so as to fullfil the con- 
ditions of stiffness and strength,—conditions which depend 
not only on the absolute magnitude of the load on each 
piece, and of the resistances by which it is balanced, but 
also on the mode of distribution of the load over the piece, 
and of the resistances over the joints. 

The effect of the pressures applied to a piece, consisting 
of the load and the supporting resistances, is to force the 
piece into a state of strain or disfigurement, which in- 
creases until the elasticity, or resistance. to strain, of the 
material causes it to exert a stress, or effort to recover its 
figure, equal and opposite to the system of applied press- 
ures. The condition of stiffness is that the strain or dis- 
figurement shall not be greater than is consistent with the 
purposes of the structure; and the condition of strength is 
that the stress shall be within the limits of that which the 
material can bear with safety against breaking. The ratio 
in which the utmost stress before breaking exceeds the 
safe working stress is called the factor of safety, and is de- 
termined empirically. It varies from three to twelve for 
various materials and structures, 

The STRENGTH OF MATERIALS forms the subject of a 
special article, to which the reader is referred. 


PART II. THEORY OF MACHINES. 


19. Parts of a Machine—Frame and Mechanism.—The parts 
of a machine may be distinguished into two principal diyis- 
jions,—the frame, or fixed parts, and the mechanism, or 
moving parts. The frame is a structure which supports the 
pieces of the mechanism, and to a certain extent deter- 
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mines the nature of theirmotions. Theform and arrange- 
ment of the pieces of the frame depend upon the arrange- 
ment and the motions of the mechanism; the dimensions 
of the pieces of the frame required in order to give it sta- 
bility and strength are determined from the pressures ap- 
plied to it by means of the mechanism. It appears there- 
fore that in general the mechanism is to be designed first 
and the frame afterwards, and that the designing of the 
frame is regulated by the principles of the stability of 
structures and of the strength and stiffness of materials,— 
» eare being taken to adapt the frame to the most’severe load 
which can be thrown upon it at any period of the action of 
the mechanism. 

Each independent piece of the mechanism also is a struc- 
ture, and its dimensions are to be adapted, according to the 
principles of the strength and stiffness of materials, to the 
most severe load to which it can be subjected during the 
action of the machine. 

20. Definition and Division of the Theory of Machines.— 
From what has been said in the last section it appears that 
the department of the artof designing machines which has 
reference to the stability of the frame and to the stiffness 
and strength of the frame and mechanism is a branch of 
the art of construction. It is therefore to be separated 
from the theory of machines, properly speaking, which has 
reference to the action of machines considered as moving. 
In the action of a machine the following three things take 
place :— 

First, Some natural source of energy communicates mo- 
tion and force to a piece or pieces of the mechanism, called 
the receiver of power or prime mover. 

Secondly, The motion and force are transmitted from the 
prime moyer through the train of mechanism to the working 
piece or pieces, and during that transmission the motion and 
force are modified in amount and direction, so as to be ren- 
dered suitable for the purpose to which they are to be ap- 
plied. f 

Thirdly, The working piece or pieces by their motion, or 
by their motion and force combined, produce some useful 
effect. 

Such are the phenomena of the action of a machine, ar- 
ranged in the order of causation. But in studying or treat- 
ing of the theory of machines, the order of simplicity is the 
best; and in this order the first branch of the subject is 
the modification of motion and force by the train of me- 
chanism ; the next is the effect or purpose of the machine ; 
and the last, or most complex, is the action of the prime 
mover. 

The modification of motion and the modification of force 
take place together, and are connected by certain laws; 
but in the study of the theory of machines, as’ well as in 
that of pure mechanics, much advantage has been gained 
in point of clearness and simplicity by first considering 
alone the principles of the modification of motion, which 
are founded upon what is now knownas Kinematics, and 
afterwards considering the principles of the combined 
modification of motion and force, which are founded both 
on geometry and on the laws of dynamics. The separation 
of kinematics from dynamics is due mainly to Monge, 
Ampére, and Willis. 

The theory of machines in the present article will be 
considered under the following four heads :— 


I, Pure MECHANISM, or APPLIED KINEMATICS ; being 
the theory of machines considered simply as 
modifying motion. 

II. ArpLreD DyNAmics; being the theory of machines 
considered as modifying both motion and force. 
Ill. Purposms AND Errrects or MACHINES, 
IV. AppLiep ENERGETICS; being the theory of prime 
movers and sources of power. 


Crap. Il. On Purr MECHANISM. 


21. Division of the Subject.—Proceeding in the order of 
simplicity, the subject of Pure Mechanism, or Applied 
Kinematics, may be thus divided :— 

Division 1.—Motion of a point. 

Division 2.—Motion of the surface of a fluid. 

Division 3.—Motion of a rigid solid. 

Division 4.—Motions of a pair of connected pieces, or of 
an “elementary combination” in mechanism. 
Division 5.—Motions of trains of pieces of mechanism. 

Division 6.—Motions of sets of more than two connected 

pieces, or of “‘ aggregate combinations.” 

A point is the boundary of a line, which is the boundary 
of a surface, which is the boundary of a volume, Points, 
lines, and surfaces have no independent existence, and con- 
sequently those divisions of this chapter which relate to 
their motions are only preliminary to the subsequent divis- 
ions, which relate to the motions of bodies. 
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Division 1. Motion of a Point. 

22. Path and Direction.—See above, p. 686, 2? 21. 

23. Uniform Velocity.—See p. 687, 2 20. 

24. Varied Velocity.—See p. 687, % 25. 

25. Direct Deviation, or Acceleration and Retardation.—See 
pp. 687, 688, 72 27-29. 

26. Lateral Deviation or Deflexion—Anqular velocity of De- 
viation— Revolution.—See pp. 688, 689, 77 31-38. 

27. Comparative Motion.—The comparative motion of two 
points is the relation which exists between their motions, 
without having regard to their absolute amounts, It 
consists of two elements,—the velocity ratio, which is the 
ratio of any two magnitudes bearing to each other the pro- 
portions of the respective velocities of the two points at a 
given instant, and the directional relation, which is the re- 
lation borne to each other by the respective directions of 
the motions of the two points at the same given instant. 

It is obvious that the motions of a pair of points may be 
varied in any manner, whether. by direet or by lateral de- 
viation, and yet that their comparative motion may remain 
constant, in consequence of the deviations taking place in 
the same proportions, in the same directions, and at the 
same instants for both points. 

Willis has the merit of having been the first to simplify 
considerably the theory of pure mechanism, by pointing 
out that that branch of mechanics relates wholly to com- 
parative motions, 

The comparative motion of two points at a given instant 
is capable of being completely expressed by one of Sir Wil- 
liam Hamilton’s Quaternions,—the ‘tensor’ expressing 
the velocity ratio, and the ‘“ versor”’ the directional rela- 
tion, 

28. Resolution and Composition of Motion.—See p. 688, 22 
30, 31. 

29. Rectangular Projection, Resolution, and Composition— 
See p. 688, ? 31. 

30. Resolution and Composition of Deviations.—See p. 688, 
2°31. 


Division 2. Motion of the Surface of a Fluid Mass. 


31. General Principle.—A mass of fluid is used in mech- 
anism to transmit motion and force between two or more 
movable portions (called pistons or plungers) of the solid 
envelope or vessel in which the fluid is contained; and 
when such transmission is the sole action, or the only ap- 
preciable action of the fluid mass, its volume is either ab- 
solutely constant, by reason of its temperature and pressure 
being maintained constant, or not sensibly varied. 

Let a represent the area of the section of a piston made 
by a plane perpendicular to its direction of motion, and v 
its velocity, which is to be considered as positive when 
outward, and negative when inward, Then the variation 
of the cubie contents of the vessel in a unit of time by rea- 
son of the motion of one piston is va. The condition that 
the volume of the fluid mass shall remain unchanged re- 
quires that there shall be more than one piston, and that 
the velocities and areas of the pistons shall be connected 
by the equation— 

SU Os ae te ts (DE 


32. Comparative Motion of Two Pistons.—If there be but 
two pistons, whose areas are a, and do, and their velocities 
0, and vg, their comparative motion is expressed by the 
equation— 

Vo ay é 
V4 nai Ge (2) ? 
that is to say, their velocities are opposite as to inwardness 
and outwardness, and inversely proportional to their areas. 

33. Applications—Hydraulie Press—Pneumatic Power-Trans- 
mitter.—In the hydraulic press the vessel consists of two 
cylinders, viz., the pump-barrel and the press-barrel, each 
having its piston, and of a passage connecting them hay- 
ing a valve opening towards the press-barrel. The action 
of the enclosed water in transmitting motion takes place 
during the inward stroke of the pump-plunger, when the 
above-mentioned valve is open; and at that time the press- 
plunger moves outward with a velocity which is less than 
the inward velocity of the pump-plunger, in the same ratio 
that the area of the pump-plunger is less than the area of 
the press-plunger. (See HyDROMECHANICS.) 

In the pneumatic power-transmitter the motion of one 
piston is transmitted to another at a distance by means of 
a mass of air contained in two cylinders and an interven- 
ing tube. When the pressure and temperature of the air 
can be maintained constant, this machine fulfils equation 
2, like the hydraulic press, The amount and effect of the 
variations of pressure and temperature undergone by the 
air depend on the principles of the mechanical action of 
heat, or THERMODYNAMICS (q.v.), and are foreign to the 
subject of pure mechanism, c 
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Division 3. Motion of a. Rigid Solid. 

34. Motions Classed.—In problems of mechanism, each 
solid piece of the machine is supposed to be so stiff and 
strong as not to undergo any sensible change of figure or 
dimensions by the forces applied to it,—a supposition which 
is realized in practice if the machine is skilfully designed. 

This being the case, the various possible motions of a 
rigid solid body may all be classed under the following 
heads :—(1) Shifting or Translation ; (2) Turning or Rotation ; 
(3) Motions Compounded of Shifting and Turning. 

The most common forms for the paths of the points of a 
piece of mechanism, whose motion is simple shifting, are 
the straight line and the circle. 

Shifting in a straight line is regulated either by straight 
fixed guides, in contact with which the moving piece slides, 
or by combinations of link-work, called parallel motions, 
which will be deseribed in the sequel. Shifting in a 
straight line is usually reciprocating; that is to say, the 
piece, after shifting through a certain distance, returns to 
its original position by reversing its motion. 

Circular sbifting is regulated by attaching two or more 
points of the shifting piece to ends of equal and parallel 
rotating cranks, or by combinations of wheel-work to be 
afterwards described. As an example of circular shifting 
may be cited the motion of the coupling rod, by which the 
parallel and equal cranks upon two or more axles of a loco- 
motive eugine are connected and made to rotate simul- 
taneously. The coupling rod remains always parallel to 
itself, and all its points describe equal and similar circles 
relatively to the frame of the engine, and move in parallel 
directions with equal velocities at the same instant. 

35. Rotation about a Fixed Axis—Lever, Wheel, and Axle.— 
The fixed axis of a turning body is a line fixed relatively 
to the body and relatively to the fixed space in which the 
body turns. In mechanism it is usually the central line 
either of a rotating shaft oraxle having journals, gudgeons, 
or pivots turning in fixed bearings, or of a fixed spindle or 
dead centre round which a rotating bush turns; but it may 
sometimes be entirely beyond the limits of the. turning 
body. For example, if a sliding piece moves in circular 
fixed guides, that piece rotates about an ideal ‘fixed axis 
traversing the centre of those guides. 

Let the angular velocity of the rotation be denoted by 


de 


aE 3. then the linear velocity of any point A at the dis- 


tance r from the axis is er; and the path of that point is a 
circle of the radius r described about the axis. 

This is the principle of the modification of motion by the 
lever, which consists of a rigid body turning about a fixed 
axis called a fulcrum, and having two points at the same 
or different distances from that axis, and in the same or 
different directions, one of which receives motion and the 
other transmits motion, modified in direction and velocity 
according to the above law. 

In the wheel and axle, motion is received and trans- 
mitted by two cylindrical surfaces of different radii de- 
scribed about their common fixed axis of turning, their 
velocity-ratio being that of their radii. 

36. Velocity Ratio of Components of Motion.—As the dis- 
tance between any two points in a rigid body is invariable, 
the projections of their ve- 
locities upon the line joining 
them must be equal. Hence 
it follows that, if A in fig. 4 
bea point ina rigid body CD, 
rotating round the fixed axis 
F, the component of the ve- 
locity of A in any direction 
AP parallel to the plane of 
rotation is equal to the total 
velocity of the point m, found 
by letting fall Fm perpen- 
dicular to AP; that is to say, 
is equal to 


a.m. 


Hence also the ratio of the components of the velocities of 
two points A and B in the directions AP and BW respect- 
ively, both in the plane of rotation, is equal to the ratio 
of the perpendiculars Fm and Fn. . 

37. Instantaneous Axis of a Cylinder rolling on a Cylinder.— 
Let a cylinder 6bb, whose axis of figure is B and angular 
velocity y, roll on a fixed cylinder aaa, whose axis of figure 
is A, either outside (as in fig. 5), when the rolling will be 
towards the same hand as the rotation, or inside (as in fig. 
6), when the rolling will be towards the opposite hand; 
and at a given instant let T be the line of contact of the 
two cylindrical surfaces, which is at their common inter- 
section with the plane AB traversing the two axes of figure. 

The line T on the surface bbb has for the instant no ve- 
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locity in a direction perpendicular to AB; because for the 
instant it touches, without sliding, the line T on the fixed 
surface aaa. 

The line T on the surface bb) has also for the instant no 


(>) 
b a 


Fig. 5. Fig. 6. 


velocity in the plane AB; for it has just ceased to move 
towards the fixed surface aaa, and is just about to begin to 
move away from that surface. 

The line of contact T, therefore, on the surface of the 
cylinder bbb, is for the instant at rest, and is the “instan- 
taneous axis’’ about which the cylinder 6d turns, together 
with any body rigidly attached to that cylinder. 

To find, then, the direction and velocity at the given in- 
stant of any point P, either in or rigidly attached to the 
rolling cylinder T, draw the plane PT; the direction of 
motion of P will be perpendicular to that plane, and towards 
the right or left hand according to the direction of the ro- 
tation of bbb; and the velocity of P will be 


we=y-.PT.. eal, 


PT denoting the perpendicular distance of Pfrom T, The 
path of Pis the curve of the kind called epitrochoids. If Pis 
in the circumference of bbb that path becomes an epicycloid. 
The velocity of any point in the axis of figure B is 
m=y. TB; (A); 
and the path of such a point is a circle described about A _ 
with the radius AB, being for outside rolling the sum, a 
for inside rolling the difference, of the radii of the cylinders. 
Let # denote the angular velocity with which the plane 
of axes AB rotates about the fixed axis A. Then it is eyi- 


dent that 
ta =. AB... 0 0 aeeeeeen(eD 
TB 
and consequently that #«=y. AB.) coe 2 Sere Op 


For internal rolling, as in fig. 6, AB is to be treated as neg- 
ative, which will give a negative value to a, indicating 
that in this case the rotation of AB round A is contrary to 
that of the cylinder bbdd. 

The angular velocity of the rolling cylinder, relatively to 
the plane of axes AB, is obviously given by the equation—- 


OT aan 
whenee B=. 4-5 + + ap elete, COmmmameR CORE = 


care being taken to attend to the sign of a, so that when 
that is negative the arithmetical values of y and « are to be 
added in order to give that of p. 

The whole of the foregoing reasonings are applicable, not 
merely when aaa and bbb are actual cylinders, but also 
when they are the osculating cylinders of a pair of eylin- 
droidal surfaces of varying curvature, A and B being the 
axes of curvature of the parts of those surfaces which are 
in contact for the instant under consideration. 

38. Composition and Resolution of Rotations about Parallel 
Axes.—See above, p. 698, ? 73. 

39. Instantaneous Axis of a Cone rolling on a Cone.—Let 


Fig. 7. 


Oaa (fig.'7) be a fixed cone, OA its axis, Obb a cone rolling. 
on it, OB the axis of the rolling cone, OT the line of con- 
tact of the two cones at the instant under consideration. 
By reasoning similar to that of sect. 37, it appears that 
OT is the instantaneous axis of rotation of the rolling cone, 
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Let y denote the total angular velocity of the rotation 
of the cone B about the instantaneous axis, 8 its angular 
velocity about the axis OB relatively to the plane AOB, and 
e« the angular velocity with which the plane AOB turns 
round the axis OA. It is required to find the ratios of those 
angular velocities. 

Solution.—In OT take any point E, from which draw EC 
parallel to OA, and ED parallel to OB, so as to construct 


the parallelogram OCED. Then 
: OD: OC: OE 
pon area a aes (8). 


Or because of the proportionality of the sides of triangles 
to the sines of the opposite angles, 
sin<TOB: sin=<TOA : sin<AOB ‘ 
aye TOR tae . (8,4); 
that is to say, the angular velocity about each axis is pro- 
portional to the sine of the angle between the other two. 
Demonstration—From C draw CF perpendicular to OA, 
and CG perpendicular to OE. 


area ECO 
Then CF =2~x -— GH a? 
area ECO 
and CG=2~x > (iin 


“.CG:CF::CE=OD:OE. 

Let v denote the linear velocity of the point C. Then 
=a.CF=y.CG 
~.y:a:: Ck: OG::0H:0D; 
which is one part of the solution above stated. From E 
draw EH perpendicular to OB, and EK to OA. Then it 

can be shown as before that 
EK:EH::0C:0OD. 

Let » be the linear velocity of the point E fixed in the 

plane of axes AOB, Then 
Ye =a. EK. 

Now, as the line of contact OT is for the instant at rest on 
the rolling cone as well as on the fixed cone, the linear 
velocity of the point E fixed to the plane AOB relatively 
to the rolling cone is the same with its velocity relatively 
to the fixed cone. That is to say, 

B.EH =v =a.EK; 
therefore #:8::EH:EK::0D:0C, 
which is the remainder of the solution. 

The path of a point P in or attached to the rolling cone 
is a spherical epitrochoid traced on the surface of a sphere 
of the radius OP. From P draw PQ perpendicular to the 
instantaneous axis. Then the motion of P is perpendicu- 
lar to the plane OPQ, and its velocity is 


we=y.PQ... cae) “eRe; 


The whole of the foregoing reasonings are applicable, 
not merely when A and B are actual regular cones, but 
also when they are the osculating regular cones of a pair 
of irregular conical surfaces, having a common apex at O. 

40. Composition of Rotations about Two Axes meeting in a 
Point.—See p. 698, 2 76. 

41. Screw-like or Helical Motion.—Since (see pp. 697, 698, 
22 71, 72) any displacement ina plane can be represented in 
general by a rotation, it follows that the only combination 
of translation and rotation, in which a complex movement 
which is not a mere rotation is produced, occurs when 
there is a translation perpendicular to the plane and parallel 
to the axis of rotation. 

Such a complex motion is called screw-like or helical mo- 
tion; for each point in the body describes a helix or screw 
round the axis of rotation, fixed or instantaneous as the 
case may be. To cause a body to move 
in this manner it is usually made of a 
helical or screw-like figure, and moves 
in a guide of a corresponding figure. Hel- 
ical motion and screws adapted to it are 
said to be right- or left-handed according 

- to the appearance presented by the rota- 
tion to an observer looking towards the 
direction of the translation. Thus the 
screw G in fig. 8 is right-handed. 

The translation of a body in helical 
motion is called its advance. Let vx de- 
note the velocity of advance at a given instant, which of 
course is common to all the particles of the body; « the 
angular velocity of the rotation at the same instant; 
2Q7 = 62832 nearly, the circumference of a circle of the 
radius unity. Then 


= 


Fig. 8. 


aa Rr noe Gti) 


T=, 
o 


is the time of one turn at the rate « ; and 
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is the pitch or advance per turn,—a length which expresses 
the comparative motion of the translation and the rotation. 
The pitch of a screw is the distance, measured parallel to 
its axis, between two successive turns of the same thread 
or helical projection. 
Let r denote the perpendicular distance of a point ina 
body moving helically from the axis. Then 


Ur =r. P ae) 
is the component of the velocity of that point in a plane 
perpendicular to the axis, and its total velocity is 


O= / oat rt ph atoatel re. cc beets (13). 

The ratio of the two components of that velocity is 
OG fate te , 
soe. dan. MowevicAaye 


where @ denotes the angle made by the helical path of the 
point with a plane perpendicular to the axis. 

42. To find the Motion of a Rigid Body from the Motions of 
Three Points in it.—See p. 697, ¢ 71, and p. 699, 2 78. 


Division 4. BLlementary Combinations in Mechanism. 


43. Definitions.—An elementary combination in mechanism 
consists of two pieces whose kinds of motion are determined 
by their connection with the frame, and their comparative 
motion by their connection with each other,—that connec- 
tion being effected either by direct contact of the picces, or 
by a connecting piece, which is not connected with the 
frame, and whose motion depends entirely on the motions 
of the pieces which it connects. 

The piece whose motion is the cause is called the driver ; 
the piece whose motion is the effect, the follower. 

The connection of each of those two pieces with the 
frame is in general such as to determine the path of every 
point init. In the investigation, therefore, of the compar- 
ative motion of the driver and follower, in an elementary 
combination, it is unnecessary to consider relations of 
angular direction, which are already fixed by the connec- 
tion of each piece with the frame; so that the inquiry 
is confined to the determination of the velocity ratio, 
and of the directional relation, so far only as it expresses 
the connection between forward and backward movements 
of the driver and follower. When a continuous motion of 
the driver produces a continuous motion of the follower, 
forward or backward, and a reciprocating motion a motion 
reciprocating at the same instant, the directional relation 
is said to be constant. When a continuous motion produces 
a reciprocating motion, or vice versa, or when a reciprocat- 
ing motion produces a motion not reciprocating at the 
same instant, the directional relation is said to be variable. 

The line of action or of connection of the driver and fol- 
lower is a line traversing a pair of points in the driver and 
follower respectively, which are so connected that the 
component of their velocity relatively to each other, 
resolved along the line of connection, is null. There may 
be several or an indefinite number of lines of connection, 
or there may be but one; and a line of connection may 
connect either the same pair of points or a succession of 
different pairs. 

44, General Principle-—From the definition of a line of 
connection it follows that the components of the velocities of 
a pair of connected points along their line of connection are 
equal. And from this, and from the property of a rigid 
body, already stated in ¢ 36, it follows that the components 
along a line of connection of all the points traversed by that line, 
whether in the driver or in the follower, are equal; and conse- 
quently, that the velocities of any pair of points traversed by a 
line of connection are to each other inversely as the cosimes, or 
directly as the secants, of the angles made by the paths of those 
points with the line of connection. 

The general principle stated above in different forms 

serves to solve every prob- 


Vi lem in which—the mode 
of connection of a pair of 
P v2 pieces being given—it is 


required to find their com- 
parative motion at a given 
Tt instant, or vice versa, 

45, Application to a Pair 


«A of Shifting Pieces—In fig. 

9, let P,P, be the line of 

P3 connection of a pair of 

Fig. 9. pieces, each of which has 


a motion of translation or 
shifting. Through any point Tin that line draw TV,, TV., 
respectively parallel to the simultaneous direction of mo- 
tion of the pieces; through any other point A in the line 
of connection draw a plane perpendicular to that line cut- 
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ting TV,, TV, in V;,V. ; then, velocity of piece 1: velocity 
of piece 2::TV,: TV.. Also TA™»represents the equal 
components of the velocities of the pieces parallel to their 
line of connection, and the line V, V2 represents their 
velocity relatively to each other. 

46. Application to a Pair of Turning Pieces —Let «1, #2 be 
the angular velocities of a pair of turning pieces; 9,, 02 
the angles which their line of connection makes with 
their respective planes of rotation ; 7,, 72 the common per- 
pendiculars let fall from the line of connection upon the 
respective axes of rotation of the pieces. Then the equal 
components, along the line of connection, of the velocities 
of the points where those perpendiculars meet that line are— 

4371 COS 9, = GgIo COS Op | 
consequently, the comparative motion of the pieces is 
given by the equation . 
&> 1, COS 6, 
ty Tp COS 

47. Application to a Shifting Piece and a Turning Piece. 
Let a shifting piece be connected with a turning piece, and 
at a given instant let «, be the angular velocity of the 
turning piece, 7, the common perpendicular of its axis of 
rotation and the line of connection, 6, the angle made by 
the line of connection with the plane of rotation, @, the 
angle made by the line of connection with the direction of 
motion of the shifting piece, v2 the linear velocity of that 
piece. Then 


(15). 


S\ weae 3 


(16) ; 


which equation expresses the comparative motion of the 
two pieces. 

48, Classification of Elementary Combinations in Mechanism. 
—The first systematic classification of elementary combi- 
nations in mechanism was that founded by Monge, and 
fully developed by Lanz and Bétancourt, which has been 
generally received, and has been adopted in most treatises 
on applied mechanics. But that classification is founded 
on the absolute instead of the comparative motions of the 
pieces, and is, for that reason, defective, as Willis has point- 
ed out in his admirable treatise On the Principles of Mech- 
anism. 

Willis’s classification is founded, in the first place, on 
comparative motion, as expressed by velocity ratio and 
directional relation, and in the second place, on the mode 
of connection of the driver and follower. He divides the 
elementary combinations in mechanism into three classes, 
of which the characters are as follows :— 

Class A: Directional relation constant; velocity ratio 
constant. 

Class B: Directional relation constant; velocity ratio 
varying. ; 

Class C: Directional relation changing periodically; 
velocity ratio constant or varying. 

Each of those classes is subdivided by Willis into five 
divisions, of which the characters are as follows :— 
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Division A: Connection by rolling contact. 
“ “ 


12% “sliding contact. 
i C: 4 “ wrapping connectors. 
a D: sf “ link-work. 
“ E: ee “ yeduplication. 


In the present article the principle of Willis’s classifica- 
tion is followed; but the arrangement is modified by tak- 
ing the mode of connection as the basis of the primary clas- 
sification, and by removing the subject of connection by 
reduplication to the section of aggregate combinations. 
This modified arrangement is adopted as being better 
suited than the original arrangement to the limits of an 
article in an encyclopedia; but it is not disputed that the 
original arrangement may be the best for a separate 
treatise. 

49. Rolling Contact—Smooth Wheels and Racks.—In order 
that two pieces may move in rolling contact, it is necessary 
that each pair of points in the two pieces which touch each 
other should at the instant of contact be moving in the 
same direction with the same velocity. In the case of two 
shifting pieces this would involve equal and parallel veloci- 
ties for all the points of each piece, so that there could be 
no rolling, and, in fact, the two pieces would move like 
one; hence, in the case of rolling contact, either one or 
both of the pieces must rotate. 

The direction of motion of a point in a turning piece 
being perpendicular to a plane passing through its axis, the 
condition that each pair of points in contact with each 
other must move in the same direction leads to the follow- 
ing consequences : 

I. That, when both pieces rotate, their axes, and all their 
points of contact, lie in the same plane. 

I. That, when one piece rotates and the other shifts, the 
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. 
axis of the rotating piece, and all the points of contact, lie 
in a plane perpendicular to the direction of motion of the: 
shifting piece. 

The condition that the velocity of each pair of points 
of contact must be equal leads to the following conse- 
quences :— 

Ill. That the angular velocities of a pair of turning 
pieces in rolling contact must be inversely as the perpen- 
dicular distances of any pair of points of contact from the 
respective axes, 

IY. That the linear velocity of a shifting piece in roll- 
ing contact with a turning piece is equal to the product 
of the angular velocity of the turning piece by the per- 
pendicular distance from its axis to a pair of points of 
contact. 

The line of contact is that line in which the points of con- 
tact are all situated. Respecting this line, the above prin- 
ciples III. and LV. lead to the following conclusions :— 

V. That for a pair of turning pieces with parallel axes, 
and for a turning piece and a shifting piece, the line of 
contact is straight, and parallel to the axes or axis; and 
hence that the rolling surfaces are either plane or cylin- 
drical (the term “cylindrical” including all surfaces gen- 
erated by the motion of a straight line parallel to itself). 

VI. That for a pair of turning pieces with intersecting 
axes the line of contact is also straight, and traverses the 
point of intersection of the axes; and hence that the roll- 
ing surfaces are conical, with a common apex (the term 
“conical”? including all surfaces generated by the motion 
of a straight line which traverses a fixed point), 

Turning pieces in rolling contact are called smooth or 
toothless wheels. Shifting pieces in rolling contact with 
turning pieces may be called smooth or toothless racks, 

VII. In a pair of pieces in rolling contact every straight 
line traversing the line of contact is a line of connection. 

50. Cylindrical Wheels and Smooth Racks.—In designing 
cylindrical wheels and smooth racks, and determining their 
comparative motion, it is sufficient to consider a section of 
the pair of pieces made by a plane perpendicular to the 
axis or axes, 

The points where axes intersect the plane of section are 
called centres; the point where the line of contact inter- 
sects it, the point of contact, or pitch-point; and the wheels 
are described as circular, elliptical, ete., according to the 
forms of their sections made by that plane. 

When the point of contact of two wheels lies between 
their centres, they are said to be in outside gearing; when 
beyond their centres, in inside gearing, because the rolling 
surface of the larger wheel must in this case be turned in- . 
ward or towards its centre, 

From Principle III. of sect. 49 it appears that the an- 
gular velocity ratio of a pair of wheels is the inverse ratio 

of the distances of the point of con- 
C2) tact from the centres respectively, 

For outside gearing that ratio is 
negative, because the wheels turn con- 
trary ways; for inside gearing it is 
positive, because they turn the same 
way. 

If the velocity ratio is to be con- 
stant, as in Willis’s Class A, the wheels 
must be circular; and this is the most 
common form for wheels. ¥ 

If the velocity ratio is to be variable. 
as in Willis’s Class B, the figures. of 
the wheels are a pair of rolling curves, 
subject to the condition that the dis- 
tance between their poles (which are 
the centres of rotation) shall be con- 
stant. 

The following is the geometrical re- 
lation which must exist between such 
a pair of curves. See fig. 10. 

Let C,, C, be the poles of a pair of rolling curves; T, 
T, any pair of points of contact; U,, U, any other pair of 
points of contact. Then, for every possible pair of points 
of contact, the two* following equations must be simulta- 
neously fulfilled :-— - 

Sum of radii, C,U, +C.U, =C,T, + C,T, = constant; 

arc, T) Wig =" Ug eet ce) tea 

A condition equivalent to the above, and necessarily con- 
nected with it, is, that at each pair of points of contact the 
inclinations of the curves to their radii-vyectores shall be 
equal and contrary; or, denoting by r,, r, the radii-vec- 
tores at any given pair of points of contact, and s the 
length of the equal arcs measured from a certain fixed pair 
of points of contact— j 


T1 


c2:Q 
Fig. 10. 
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which is the differential equation of a pair of rolling curyes 
whose poles are at a constant distance apart. 

For full details as to rolling curves, see Willis’s work, 
already mentioned, and Clerk Maxwell’s paper on Rolling 
Curves in the Transactions of the Royal Society of Edinburgh, 
1849. 

A rack, to work with a circular wheel, must be straight. 
To work with a wheel of any other figure, its section must 
be a rolling curve, subject to the condition that the per- 
pendicular distance from the pole or centre of the wheel to 
a straight line parallel to the direction of the motion of 
the rack shall be constant, Let 7, be the radius-vector of 
a point of contact on the wheel, x, the ordinate from the 
straight line before mentioned to the corresponding point 
of contact on the rack. Then 
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is the differential equation of the pair of rolling curves. 
To illustrate this subject, it may be mentioned that an 
ellipse rotating about one focus rolls completely round in 
outside gearing with an equal and similar ellipse also 
rotating about one focus, the distance between the axes 
of rotation being equal to the major axis of the ellipses, 
1 + eccentricity 
i = eee, WU 
1— eccentricity 


and the velocity ratio varying from 


romani an hyperbola rotating about its further 
focus rolls in inside gearing, through a limited are, with an 
equal and similar hyperbola rotating about its nearer focus, 
the distance between the axes of rotation being equal to 
the axis of the hyperbolas, and the velocity ratio varying 
eccentricity +1 
eccentricity — 1 
ing about its focus rolls with an equal and similar par- 
abola, shifting parallel to its directrix. 

51. Conical or Bevel and Disk Wheels—From Principles 
Til. and VI. of sect. 49 it appears that the angular velocities 
of a pair of wheels whose axes meet in a point are to each 
other inversely as the sines of the angles which the axes 
of the wheels make with the line of contact. Hence fol- 
lows the following construction (figs. 11 and 12):—Let O be 
the apex or point of meeting of the two axes OC,, OC. 
The angular velocity ratio being given, it is required to 
find the line of contact. On OC,, OC, take lengths OA,, 
OA,, respectively proportional to the angular velocities of 
the pieces on whose axes they are taken. Complete the 
parallelogram OA, EA,; the diagonal OET will be the 
line of contact required. 

When the velocity ratio is variable, the line of contact 
will shift its position in the plane C,OC,, and the wheels 
will be cones, with eccen- 
tric or irregular bases. In 
every case which occurs in 
practice, however, the ve- 
locity ratio is constant ; the 
line of contact is coustant in 
position, and the rolling 
surfaces of the wheels are 
regular circular cones 
(when they are called bevel 
wheels); or one of a pair of 
wheels may have a flat disk 
for its rolling surface, as W, 
in fig. 12, in which case it is 
a disk wheel. The rolling sur- 
faces of actual wheels con- 
sist of frusta or zones of the 
complete cones or disks, as shown by W,,W, in figs. 11 and 12. 

52. Sliding Contact (lateral): Skew-Bevel Wheels, — An 
hyperboloid of revolution is a surface resembling a sheaf 


between and unity; and a parabola rotat- 


or a dice-box, generated by the rotation of a straight line 
round an axis from which it is at a constant distance and 
to which it is inclined at a constant angle. If two such 
hyperboloids, equal or unequal, be placed in the closest 
possible contact, as in fig. 13, they will touch each other 
along one of the generating straight lines of each, which 


MECHANICS. 


765 


will form their line of contact, and will be inclined to the 
axes AG, BH in opposite directions. The axes will not be 
parallel, nor will they intersect each other. z 

The motion of two such 


hyperboloids, turning in 
contact with each other, 


has hitherto been classed 
amongst cases of rolling 
contact ; but that classifica- 
tion is not strictly correct, 
for, although the component 
velocities of a pair of points 
of contact in a direction at 
right angles to the line of 
contact are equal, still, as 
the axes are neither parallel to each other nor to the line 
of contact, the velocities of a pair of points of contact 
have components along the line of contact which are un- 
equal, and their difference constitutes a lateral sliding. 

The directions and positions of the axes being given, 
and the required angular velocity ratio, the following con- 
struction serves to determine the line of contact, by whose 
rotation round the two axes respectively the hyperboloids 
are generated :— 

In fig. 14, let B,C,, B,C, be the two axes; B,B, their 
common perpendicular. 
Through any point O in 
this common perpendicular 
draw OA, parallel to B,C, 
and OA, parallel to B,C, ; 
make those lines propor- 
tional to the angular velo- 
cities about the axes to 
which they are respectively 
parallel ; complete the par- 
allelogram OA,EA,, and 
draw the diagonal OE; 
divide B,B, in D into two 
parts, inversely proportional 
to the angular velocities 
about the axes which they 
respectively adjoin; 
through D parallel to OE 
draw DT. This will be the 
line of contact. 

A pair of thin frusta of a pair of hyperboloids are used in 
practice to communicate motion between a pair of axes nei- 
ther parallel nor intersecting, and are called skew-bevel wheels. 

In skew-bevel wheels the properties of a line of connec- 
tion are not possessed by every line traversing the line of 
contact, but only by every line traversing the line of con- 
tact at right angles. , 

If the velocity ratio to be communicated were variable the 
point D would alter its position, and the line DT its direc- 
tion, at different periods of the motion, and the wheels 
would be hyperboloids of an eccentric or irregular cross- 
section; but forms of this kind are not used in practice. 

53. Sliding Contact (circular): Grooved Wheels.—As the 
adhesion or friction between a pair of smooth wheels is 
seldom sufficient to prevent their slipping on each other, 
contrivances are used to increase their mutual hold. One 
of those consists in forming the rim of each wheel into a 


Fig. 13. 


Fig. 14. 


series of alternate ridges and grooves parallel to the plane 


of rotation ; it is applicable to cylindrical and bevel wheels, 
but not to skew-bevel wheels, The comparative motion 
of a pair of wheels so ridged and grooved is the same with 
that of a pair of smooth wheels in rolling contact, whose 
cylindrical or conical surfaces lie midway between the 
tops of the ridges and bottoms of the grooves, and those 
ideal smooth surfaces are called the pitch-surfaces of the 
wheels. 

The relative motion of the faces of contact of the ridges 
and grooves is a rotatory sliding or grinding motion, about 
the line of contact of the pitch-surfaces as an instantaneous 
axis. 

Grooved wheels have hitherto been but little used. 

54. Sliding Contact (direct): Teeth of Wheels, their Number 
and Pitch.—The ordinary method of connecting a pair of 
wheels, or a wheel and a rack, and the only method which 
insures the exact maintenance of a given numerical velo- 
city ratio, is by means of a series of alternate ridges and 
hollows parallel or nearly parallel to the successive lines 
of contact of the ideal smooth wheels whose velocity ratio 
would be the same with that of the toothed wheels. The 
ridges are called teeth; the hollows, spaces. The teeth of 
the driver push those of the follower before them, and in 
so doing sliding takes place between them in a direction 
across their lines of contact. 

The pitch-surfaces of a pair of toothed wheels are the 
ideal smooth surfaees which would have the same com- 
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parative motion by rolling contact that the actual wheels 
haye by the sliding contact of their teeth. The pitch- 
circles of a pair of circular toothed wheels are sections of 
their pitch-surfaces, made for spur-wheels (that is, for wheels 
whose axes are parallel) by a plane at right angles to the 
axes, and for bevel wheels by a sphere described about the 
common apex. Fora pair of skew-bevel wheels the pitch- 
circles are a pair of contiguous rectangular sections of the 
pitch-surfaces. The pitch-point is the point of contact of 
the pitch-circles. 

The pitch-surface of a wheel lies intermediate between 
the points of the teeth and the bottoms of the hollows be- 
tween them. That part of the acting surface of a tooth 
which projects beyond the pitch-surface is called the fuce ; 
that part which lies within the pitch-surface, the flank. 

Teeth, when not otherwise specified, are understood to 
be made in one piece with the wheel,—the material being 
generally cast iron, brass, or bronze. Separate teeth, fixed 
into mortises in the rim of the wheel, are called cogs. A 
pinion is a small toothed wheel; a trundle is a pinion with 
cylindrical staves for teeth. 

The radius of the pitch-cirele of a wheel is called the 
geometrical radius; a circle touching the ends of the teeth 
is called the addendum circle, and its radius the real radius; 
the difference between these radii, being the projection of 
the teeth beyond the pitch-surface, is called the addendum. 

The distance, measured along the pitch-circle, from the 
face of one tooth to the face of the next, is called the pitch. 
The pitch and the number of teeth in wheels are regulated 
by the following principles :— 

I. In wheels which rotate continuously for one revolu- 
tion or more, it is obviously necessary that the pitch should 
be an aliquot part of the circumference. 

In wheels which reciprocate without performing a com- 
plete revolution this condition is not. necessary. Such 
wheels are called sectors. 

II. In order that .a pair of wheels, or a wheel and a rack, 
may work correctly together, it is in all cases essential that 
the pitch should be the same in each. 

III. Hence, in any pair of circular wheels which work 
together, the numbers of teeth in a complete circumference 
are directly as the radii and inversely as the angular ve- 
locities. 

IV. Hence also, in any pair of circular wheels which ro- 
tate continuously for one revolution or more, the ratio of 
the numbers of teeth and its reciprocal the angular velocity 
ratio must be expressible in whole numbers. 

From this principle arise problems of a kind which will 
be referred to in treating of Trains of Mechanism. 

V. Let n, N be the respective numbers of teeth in a pair 
of wheels, N being the greater. Let t, T be a pair of teeth 
in the smaller and larger wheel respectively, which at a 
particular instant work together. It is required to find, 
first, how many pairs of teeth must pass the line of con- 
tact of the pitch-surfaces before t and T work together 
again (let this number be called a); and, secondly, with 
how many different teeth of the larger wheel the tooth ¢ 
will work at different times (let this number be called b); 
thirdly, with how many different teeth of the smaller 
wheel the tooth T will work at different times (let this be 
called c). , 

CaAsE 1. If n is a divisor of N, 


a=N; b=; e=1. és )talisaest (20) 


Case 2. If the greatest common divisor of N and v be d, 
a number less than n, so that n =md, N = Md; then 

a=mN=Mn=Mmd;b=M3c=m .. 

CAsE 3. If N and n be prime to each other, 

= AUN) 0 =, Nig) — 4h eet io ee ie ane Oe) 

It is considered desirable by millwrights, with a view to 
the preservation of the uniformity of shape of the teeth of 
a pair of wheels, that each given tooth in one wheel should 
work with as many different teeth in the other wheel as 
possible. They therefore study that the numbers of teeth 
in each pair of wheels which work together shall either be 
prime to each other, or shall have their greatest common 
divisor as small as is consistent with a velocity ratio suited 
for the purposes of the machine. 

55. Sliding Contact—Forms of the Teeth of Spur-wheels and 
Racks.—A line of connection of two pieces in sliding con- 
tact is a line perpendicular to their surfaces at a point 
where they touch. Bearing this in mind, the principle 
of the comparative motion of a pair of teeth belonging 
to a pair of spur-wheels, or to a spur-wheel and a rack, is 
found by applying the principles stated generally in sects. 
46 and 47 to the case of parallel axes for a pair of spur- 
wheels, and to the case of an axis perpendicular to the 
direction of shifting for a wheel and a rack. 


(21), 
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In fig. 15, let C,, C, be the centres of a pair of spur- 
wheels; B,IB’,, BIB’, portions of their pitch-circles, 
touching at I, the pitch-point. Let the wheel 1 be the 
driver, and the wheel 2 the follower. 

Let D,TB,A,, D.TB,A, be the positions, at a given in- 
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stant, of the acting surfaces of a pair of teeth in the driver 
and follower respectively, touching each other at T: the 
line of connection of those teeth is P;P,, perpendicular to 
their surfaces at T. Let C,P,, C.P, be perpendiculars let 
fall from the centres of the wheels on the line of contact. 
Then, by sect. 46, the angular velocity ratio is 

to _C,P4 

ai G,P, * 21 (23). 


The following principles regulate the forms of the teeth 
and their relative motions :— 

I. The angular velocity ratio due to the sliding contact 
of the teeth will be the same with that due to the rolling 
contact of the pitch-circles, if the line of connection of the 
teeth cuts the line of centres at the pitch-point. 

For, let P,P, cut the line of centres at I; then, by simi- 
lar triangles, 

12 %g3: CoP5°C,Pi:: IC) tO meee), 
which is also the angular velocity ratio due to the rolling 
contact of the circles B,IB’,, B,IB’,. ; 

This principle determines the forms of all teeth of spur- 
wheels. It also determines the forms of the teeth of 
straight racks, if one of the centres be removed, and a 
straight line EIP’, parallel to the direction of motion of the 
rack, and perpendicular to C,IC,, be substituted for a 
pitch-circle. 

II. The component of the velocity of the point of contact 
of the teeth T along the line of connection is 

a7.C,P, =«;.C,Py 15 eo) 

Ill. The relative velocity perpendicular to P,P, of the. 
teeth at their point of contact,—that is, their velocity of 
sliding on each other,—is found by supposing one of the 
wheels, such as 1, to be fixed, the line of centres C,C, to 
rotate backwards round C, with the angular velocity «,, 
and the wheel 2 to rotate round C, as before, with the an- 
gular velocity «, relatively to the line of centres C,C,, so 
as to have the same motion as if its pitch-circle rolled on 
the pitch-cirele of the first wheel. Thus the relative motion 
of the wheels is unchanged; but 1 is considered as fixed, 
and 2 has the total motion given by the principles of sects. 37 
and 38,—that is, a rotation about the instantaneous axis I, 
with the angular velocity «, +a ,. Hence the velocity of 
sliding is that due to this rotation about I, with the radius 
IT; that is to say, its value is 

(a4 + @y) . TT chien eee) 


so that it is greater the farther the point of contact is from 
the line of centres; and at the instant when that point 
passes the line of centres, and coincides with the pitch-point, 
the velocity of sliding is null, and the action of the teeth 
is, for the instant, that of rolling contact. 

IV. The path of contact is the line traversing the various 
positions of the point T. If the line of connection preserves 
always the same position, the path of contact coincides with 
it, and is straight; in other cases the path of contact is 
curved. 

It is divided by the pitch-point I into two parts,—the are 
or line of approach described by T in approaching the line of 
centres, and the arc or line of recess described by T after 
having passed the line of centres. 
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During the approach, the flank D,B, of the driving tooth 
drives the face D,B, of the following tooth, and the teeth 
are sliding towards each other. During the recess (in which 
the position of the teeth is exemplified in the figure by 
curves marked with accented letters), the face B’,A’, of 
the driving tooth drives the flank B’,A’, of the following 
tooth, and the teeth are sliding from each other. 

The path of contact is bounded where the approach com- 
mences by the addendum-circle of the follower, and where 
the recess terminates by the addendum-circle of the driver. 
The length of the path of contact should be such that there 
shall always be at least one pair of teeth in contact; and it 
is better still to make it so long that there shall always be 
at least two pairs of teeth in contact. 

V. The obliquity of the action of the teeth is the angle 
EIT =IC,P\'=IC,P,. 

In practice it is found desirable that the mean value of 
the obliquity of action during the contact of teeth should 
not exceed 15°, nor the maximum value 30°. 

It is unnecessary to give separate figures and demonstra- 
tions for inside gearing. The only modification required in 
the formule is, that in equation 26 the difference of the an- 
gular velocities should be substituted for their sum. 

56. Involute Teeth—The simplest form of tooth which 
fulfils the conditions of sect. 55 is obtained in the follow- 
ing manner (see fig. 16). Let C,, C, be the centres of two 
wheels, B,IB’;, B,IB’,, their pitech-circles, I the pitch- 
point; let the obliquity of action of the teeth be constant, 
so that the same straight line P, IP, shall represent at once 
the constant line of connection of teeth and the path of con- 
tact. Draw C,P;, C,P, perpendicular to P,IP., and with 
those lines as radii describe about the centres of the wheels 
the circles D,D’,, D,D’., called base-circles. It is evident 
that the radii of the base-circles bear to each other the 
same proportions as the radii of the pitch-circles, and also 
that 
C,P,=I1C, . cos aerial 97 
CP, = IC, . cos obliquity f° (27). 


(The obliquity which is found to answer best in practice 
is about 144°; its cosine is about #4, and its sine about 4. 
These values, though 
not absolutely exact, 
are near enough to the 
truth for practical pur- 
poses. ) 

Suppose the base-cir- 
cles to be a pair of cir- 
cular pulleys connected 
by means of a cord 
whose course from pul- 
ley to pulley is P,IP,. 
As the line of connec- 
tion of those pulleys is 
the same with that of 
the proposed teeth, they 
will rotate with the re- 
quired velocity ratio. 
Now, suppose a tracing- 
point T to be fixed to 
the cord, so as to be 
earried along the path 
ot contact P,IP., that 
point will trace on a 
plane rotating along 
with the wheel 1 part of the involute of the base-circle 
D,D’,, and on a plane rotating along with the wheel 2 part 
of the involute of the base-circle D,D’, ; and the two curves 
so traced will always touch each other in the required point 
of contact T, and will therefore fulfil the condition required 
by Principle I. of sect. 55. 

Consequently, one of the forms suitable for the teeth of 
wheels is the involute of a circle; and the obliquity of the 
action of such teeth is the angle whose cosine is the ratio 
of the radius of their base-circle to that of the pitch-circle 
of the wheel. 

All involute teeth of the same pitch work smoothly to- 
gether. 

To find the length of the path of contact on either side 
of the pitch-point I, it is to be observed that the distance 
- between the fronts of two successive teeth, as measured 
along P,IP., is less than the pitch in the ratio of cos ob- 
liquity: 1; and consequently that, if distances equal to the 
pitch be marked off either way from I towards P, and P, 
respectively, as the extremities of the path of contact, and 
if, according to Principle IV. of sect. 55, the addendum- 
circles be described through the points so found, there will 
always be at least two pairs of teeth in action at once. In 
practive it is usual to make the path of contact somewhat 
longer, viz., about 2~,th times the pitch; and with this 
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length of path, and the obliquity already mentioned of 144°, 
the addendum is about s)ths of the pitch. 

_ The teeth of a rack, to work correctly with wheels hay- 
ing involute teeth, should have plane surfaces perpendicular 
to the line of connection, and consequently making with 
the direction of motion of the rack angles equal to the 
complement of the obliquity of action. 

57. Teeth for a given Path of Contact—Mr. Sang’s Method.— 
In the preceding section the form of the teeth is found by 
assuming a figure for the path of contact, viz., the straight 
line. Any other convenient figure may be assumed for the 
path of contact, and the corresponding forms of the teeth 
found by determining what curves a point T, moving along 
the assumed path of contact, will trace on two disks rotat- 
ing round the centres of the wheels with angular velocities 
bearing that relation to the component velocity of T along 
TI, which is given by Principle II. of sect. 55, and by 
equation 25. This method of finding the forms of the 
teeth of wheels forms the subject of an elaborate and most 
interesting treatise by Mr. Edward Sang. 

All wheels having teeth of the same pitch, traced from 
the same path of contact, work correctly together, and are 
said to belong to the same set. 

58. Teeth traced by Rolling Curves.—If any curve R (fig. 
17) be rolled on the inside of the pitch-circle BB of a wheel, 
it appears, from sect. 37, that the instantaneous axis of the 
rolling curve at any instant will be at the point I, where 
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it touches the pitch-circle for the moment, and that con- 
sequently the line AT, traced by a tracing-point T, fixed 
to the rolling curve upon the plane of the wheel, will be 
everywhere perpendicular to the straight line TI; so that 
the traced curve AT will be suitable for the flank of a 
tooth, in which T is the point of contact corresponding to 
the position I of the pitch-point. If the same rolling curve 
R, with the same tracing-point T, be rolled on the outside 
of any other pitch-circle, it will have the face of a tooth 
suitable to work with the flank AT. 

In like manner, if either the same or any other rolling 
curve R/ be rolled the opposite way, on the outside of the 
pitch-circle BB, so that the tracing-point T’ shall start from 
A, it will trace the face AT’ of a tooth suitable to work 
with a flank traced by rolling the same curve R’ with the 
same tracing-point T’ inside any other pitch-circle. 

The figure of the path of contact is that traced on a fixed 
plane by the tracing-point, when the rolling curve is ro- 
tated in such a manner as always to touch a fixed straight ~ 
line EIE (or E’I’E’, as the case may be) at a fixed point I 
(or I’). 

If the same rolling curve and tracing-point be used to 
trace both the faces and the flanks of the teeth of a number - 
of wheels of different sizes but of the same pitch, all those 
wheels will work correctly together, and will form a set. 
The teeth of a rack, of the same set, are traced -by rolling 
the rolling curve on both sides of a straight line. . 

The teeth of wheels of any figure, as well as of circular 
wheels, may be traced by rolling curves on their pitch-sur- 
faces; and all teeth of the same pitch, traced by the same 
rolling curve with the same tracing-point, will work to- 
gether correctly if their pitch-surfaces are in rolling con- 
tact. 

59. Epicycloidal Teeth—The most convenient rolling 
curve is the cirele. The path of contact which it traces is 
identical with itself; and the flanks of the teeth are in- 
ternal and their faces external epicycloids for wheels, and 
both flanks and faces are cycloids for a rack. 

For a pitch-circle of twice the radius of the rolling or 
describing circle (as it is called) the internal epicycloid is a 
straight line, being, in fact, a diameter of the pitch-circle, 
so that the flanks of the teeth for such a pitch-circle are 
planes radiating from the axis. For a smaller pitch-circle © 
the flanks would be convex and incwrved or under-cut, which 
would be inconvenient; therefore the smallest wheel of a 
set should have its pitch-cirele of twice the radius of the 
describing circle, so that the flanks may be either straight 
or concave, 
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In fig. 18, let BB’ be part of the pitch-circle of a wheel 
with epicycloidal teeth; CIC’ the line of centres; I the 
pitch-point; EIK’ a straight tangent to the pitch-circle at 
that point ; R the inter- 
nal and R’ the equal ex- 
ternal describing cir- 
cles, so placed as to 
touch the pitch-circle 
and each other at I. Let 
DID’ be the path of con- 
tact, consisting of the 
are of approach DI and 
the arc of recess ID’. In 
order that there may 
always be at least two 
pairs of teeth in action, 
each of those arcs should 
be equal to the pitch. 

The obliquity of the 
action in passing the 
line of centres is noth- 
ing ; the maximum ob- 
liquity is the angle EID 
= E’/ID; and the mean 
obliquity i is one-half of that angle. 

It appears from experience “that the mean obliquity 
should not exceed 15°; therefore the maximum obliquity 
should be about 30°; therefore the équal ares DI and ID’ 
should each be one-sixth of a circumference ; therefore the 
circumference of the describing circle should be six times 
the pitch. 

It follows that the smallest pinion of a set in which pin- 
ion the flanks are straight should have twelve teeth. 

60. Nearly Epicycloidal Teeth—Willis’s Method.—To facili- 
tate the drawing of epicycloidal teeth in practice, Willis 
has shown how to approximate to their figure by means of 
two circular ares,—one concave, for the flank, and the 
other convex, for the face,—and each having for its radius 
the mean radius of curvature of the epicycloidal arc. Wil- 
lis’s formule are founded on the following properties of 
epicycloids :— 

Let R be the radius of the pitch-circle ; r that of the de- 
scribing circle; 6 the angle made by the normal TI to the 
epicycloid at a given point T, with a tangent to the circle 
at I; that is, the obliquity of the action at T. 

Then the radius of curvature of the eva at T is— 


Fig. 18. 


i 
For an internal epicycloid, p=4rsin pete 
R—2r 
mes . (28). 
; EA abe Hass r 
For an external epicycloid, p’= 4r sin @ Ro or 


Also to find the position of the centres of curvature relatively 
to the pitch-circle, we have, denoting the chord of the de- 
scribing circle TI by c, e=2r sin @; and therefore 
R 
For the flank, p—e¢ = 2r sin @=5—3. 
St a ATC NN 
R 
'~@=%7 Ss) ———— 
For the face, p’—¢ 2rsin@p oF 
Bo the proportions approved of by Willis, sin @=# nearly; 
p (the pitch) nearly; ¢ mic nearly; and, if N be the 


number of teeth in the wheel, ko N 


nearly; therefore, 


approximately, 
ue N 
pp e="2 * N=12 (30) 
F, N 7 - 
Oe tie) pa eele 
Hence the following construction (fig. 19). Let BB be 


part of the pitch-circle, and a the point where a tooth is 


Fig. 19. 


to cross it. Set off a)=ac=4p. Draw radii bd, ce; draw 
fo, 9, making angles of 754° with those radii. Make 
bf = p’—¢,cg=p—c. From f, with the radius fa, draw the 
circular are ah; from g, with the radius ga, draw the circu- 
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lar are ak. Then ah is the face and ak the flank of the tooth 
required. 

To facilitate the application of this rule, Willis published 
tables of p—c and p’—c, and invented an instrument 
called the ‘“‘ odontograph.”’ 

61. Trundles and Pin- Wheels.—If a wheel or trundle have 
cylindrical pins or staves for teeth, the faces of the teeth 
of a wheel suitable for driving it are described by first tra- 
cing external epicycloids, by rolling the pitch-circle of the 
pin-wheel or trundle on the pitch-cirele of the driving- 
wheel, with the centre of a stave for a tracing-point, and 
then drawing curves parallel to, and within the epicy- 
cloids, at a distance from them equal to the radius of a 
stave. Trundles haying only six staves will work with 
large wheels. 

62. Backs of Teeth and Spaces.—Toothed wheels being in 
general intended to rotate either way, the backs of the teeth * 
are made similar to the fronts. The space between two teeth, 
measured on the pitch-circle, is made about }th part wider 
than the thickness of the tooth on the pitch-circle, that is 
to say, 

Thickness of tooth = 7; pitch ; 
Width of space = 7, pitch, 


The difference of +; of the pitch is called the back-lash. The 
clearance allowed between the points of teeth and the bot- 
toms of the spaces between the teeth of the other wheel is 
about 7;th of the pitch. 

63. Stepped and Helical Teeth Hooke invented the mak- 
ing of the fronts of teeth in a series of steps with a view to 
increase the smoothness of action. A wheel thus formed 
resembles in shape a series of equal and similar toothed 
disks placed side by side, with the teeth of each a little 
behind those of the preceding disk. He also invented, 
with the same object, teeth whose fronts; instead of being 
parallel to the line of contact of the pitch-cireles, cross it 
obliquely, so as to be of a screw-like or helical form. In 
wheel-work of this kind the contact of each pair of teeth 
commences at the foremost end of the helical front, and 
terminates at the aftermost end; and the helix is of such 
a pitch that the contact of one pair of teeth shall not ter- 
minate until that of the next pair has commenced. 

Stepped and helical teeth have the desired effect of in- 
creasing the smoothness of motion, but they require more 
difficult and expensive workmanship than common teeth ; 
and helical teeth are, besides, open to the objection that 
they exert a laterally oblique pressure, which tends to in- 
crease resistance, and unduly strain the machinery. 

64. Teeth of Bevel-Wheels—The acting surfaces of the 
teeth of bevel-wheels are of the conical kind, generated by 
the motion of a line passing through the common apex of 
the pitch-cones, while its extremity is carried round the 
outlines of the cross-section of the teeth made by a sphere 
described about that apex. 

The operations of describing the exact figures of the 
teeth of bevel-wheels, whether by involutes or by rolling 
curves, are in every respect analogous to those for describ- 
ing the figures of the teeth of spur-wheels, except that in 
the case of bevel-wheels all those operations are to be per- 
formed on the surface of a sphere described about the apex 
instead of on a plane, substituting poles for centres, and 
great circles for straight lines. 

In consideration of the practical difficulty, especially in 
the case of large wheels, of obtaining an accurate spheri- 
cal surface, and of drawing upon it when obtained, the 
following approximate method, proposed originally by 
Tredgold, is generally used :— 

Let O (fig. 20) be the common apex of a pair of bevel- 


Fig. 20. 
wheels; OB,I, OB,I their pitch-cones; OC,, OC, their 
axes; OI their line of contact. Perpendicular to OI draw 


A TAs; cutting the axes in A,, A; make the outer rims 
of the patterns and of the wheels portions of the cones A, 
B,I, A.B.I, of which the narrow zones occupied by the 
teeth will be sufficiently near to a spherical surface de- 
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scribed about O for practical purposes. To find the figures 
of the teeth, draw on a flat surface circular arcs ID,, ID,, 
with the radii A,I, A,I; those ares will be the develop- 
ments of ares of the pitch-circles B,I, BI, when the conical 
surfaces A,B,I, A,B,I are spread out flat. Describe the 
figures of teeth for the developed ares as for a pair of spur- 
wheels; then wrap the developed arcs on the cones, so as 
to make them coincide with the pitch-circles, and trace 
the teeth on the conical surfaces. 

' 65, Teeth of Skew-Bevel Wheels—The crests of the teeth 
of a skew-bevel wheel are parallel to the generating 


straight line of the hyperboloidal pitch-surface ; and the 


transverse sections of the teeth at a given pitch-circle are 
similar to those of the teeth of a bevel-wheel whose pitch- 
surface is a cone touching the hyperboloidal surface at the 
given circle. 

66. Cams.—A cam is a single tooth, either rotating con- 
tinuously or oscillating, and driving a sliding or turning 
piece either constantly or at intervals. All the principles 
which have been stated in sect. 55 as being applicable to 
teeth are applicable to cams; but in designing cams it is 
not usual to determine or take into consideration the form 
of the ideal pitch-surface, which would give the same com- 
parative motion by rolling contact that the cam gives by 
sliding contact, 

67. Screws.—The figure of a screw is that of a convex or 
concave cylinder, with one or more helical projections, 
called threads, winding round it. Convex and concave 
screws are distinguished technically by the respective 
names of male and female; a short concave screw is called a 
nut; and when a screw is spoken of without qualification a 
convex screw is usually understood. 

The relation between the advance and the rotation, which 
compose the motion of a screw working in contact with a 
fixed screw or helical guide, has already been demonstra- 
ted in sect. 41; and the same relation exists between the 
magnitudes of the rotation of a screw about a fixed axis 
and the advance of a shifting nut in which it rotates. The 
adyance of the nut takes place in the opposite direction to 
that of the advance of the screw in the case in which the 
nut is fixed. The pitch or axial pitch of a screw has the 
meaning assigned to it in that section, viz., the distance, 
measured parallel to the axis, between the corresponding 
points in two successive turns of the same thread, If, there- 
fore, the screw has several equidistant threads, the true 
pitch is equal to the divided axial pitch, as measured between 
twoadjacent threads multiplied by the number of threads. 

If a helix be described round the screw, crossing each 
turn of the thread at right angles, the distance between 
two corresponding points on two successive turns of the 
same thread, measured along this normal helix, may be 
called the normal pitch; and when the screw has more than 
one thread the normal pitch from thread to thread may be 
called the normal divided pitch. 

The distance from thread to thread, measured on a cir- 
cle described about the axis of the screw, called the pitch- 
civele, may be called the circumferential pitch; for a screw 
of one thread it is one circumference; for a screw of n 
ene? one ctroumforonce . 

Let r denote the radius of the pitch-circle; 

n the number of threads; 
6 the obliquity of the threads to the pitch-circle, and 
of the normal helix to the axis; 


Pa pitch, 


) 
Pee the axial 
n ?4 divided pitch ; 


Pr pitch, 
Pn the normal 


Carat divided pitch; 


P. the circumferential pitch ; 


then 
Qqurr 
De =Pa COLO =pn COS O= cae 
2rr tan 6 
Pa=pn SsecO=po tand= one _ t (31). 
g 2Qrr sin 6 
Pn = Pc sin @=Dpa Cos 0= TT 


If a screw rotates, the number of threads which pass a 
fixed point in one revolution is the number of threads in 
the screw. ; ; 

A pair of convex screws, each rotating about its axis, are 
used as an elementary combination to transmit motion by 
the sliding contact of their threads. Such screws are com- 
monly called endless screws. At the point of contact of the 
screws their heads must be parallel; and their line of con- 
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nection is the common perpendicular to the acting sur- 
faces of the threads at their point of contact. Hence the 
following principles :— 

I. If the screws are both right-handed or both left-hand- 
ed, the angle between the directions of their axes is the 
sum of their obliquities; if one is right-handed and the 
other left-handed, that angle is the difference of their ob- 
liquities. 

II. The normal pitch for a screw of one thread, and the 
normal divided pitch for a serew of more than one thread, 
must be the same in each screw. 

Ill. The angular velocities of the screws are inversely 
as their numbers of threads. 

Hooke’s wheels with oblique or helical teeth are in fact 
screws of many threads, and of large diameters as com- 
pared with their lengths, 

The ordinary position of a pair of endless screws is with 
their axes at right angles to each other. When one is 
of considerably greater diameter than the other, the larger 
is commonly called in practice a wheel, the name screw 
being applied to the smaller only; but they are neverthe- 
less both serews in fact. 

To make the teeth of a pair of endless screws fit correctly 
and work smoothly, a hardened steel screw is made of the 
figure of the smaller screw, with its thread or threads 
notched so as to form a cutting tool; the larger screw, or 
“wheel,” is cast approximately of the required figure; the 
larger screw and the steel screw are fitted up in their 
proper relative position, and made to rotate in contact with 
each other by turning the steel screw, which cuts the 
threads of the larger screw to their true figure. 

68. Coupling of Parallel Axes—Oldham’s Coupling.—A cowp- 
ling is a mode of connecting 
a pair of shafts so that they 
shall rotate in the same di- 
rection with the same mean 
angular velocity. If the 
axes of the shafts are in the 
same straight line, the 
coupling consists in so con- 
necting their contiguous 
ends that they shall rotate 
as one piece; but if the 
axes are not in the same 
straight line combinations 
of mechanism are required. 
A coupling for parallel 
shafts which acts by sliding 
contact was invented by 
Oldham, and is represented in fig. 21. C,, C, are the axes 
of the two parallel shafts; D,, D, two disks facing each 
other, fixed on the ends of the two shafts respectively ; Ey, 
E, a bar sliding in a diametral groove in the face of D,; 
E,E, a bar sliding in a diametral groove in the face of D,: 
those bars are fixed together at A, so as to form a rigid 
cross. The angular velocities of the two disks and of the 
cross are all equal at every instant; the middle point of 
the cross, at A, revolves in the dotted circle described upon 
the line of centres C,C, as a diameter twice for each turn 
of the disks and cross; the instantaneous axis of rotation 
of the cross at any instant is at I, the point in the circle 
C,C, diametrically opposite to A. 

Oldham’s coupling may be used with advantage where 
the axes of the shafts are intended to be as nearly in the same 
straight line as is possible, but where there is some doubt as to 
the practicability or permanency of their exact continuity. 

69. Wrapping Connectors—Belts, Cords, and Chains.—F lat 
belts of leather or of gutta-percha, round cords of catgut, 
hemp, or other material, and metal chains are used as wrap- 
ping connectors to transmit rotatory motion between pairs 
of pulleys and drums. 

Belts (the most frequently used of all wrapping connect- 
ors) require nearly cylindrical pulleys. <A belt tends to 
move towards that part of a pulley whose radius is greatest ; 
pulleys for belts, therefore, are slightly swelled in the mid 
dle, in order that the belt may remain on a pulley, unless 
forcibly shifted. A belt when in motion is shifted off a 
pulley, or from one pulley on to another of equal size along- 
side of it, by pressing against that part of the belt which is 
moving towards the pulley. 

Oords require either cylindrical drums with ledges or 
grooved pulleys. 

Chains require pulleys or drums, grooved, notched, and 
toothed, so as to fit the links of the chain. 

Wrapping connectors for communicating continuous mo- 
tion are endless. 

Wrapping connectors for communicating reciprocating 
motion have usually their ends made fast to the pulleys or 
drums which they connect, and which in this case may be 
sectors. 7 


Fig. 21. 
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The line of connection of two pieces conneeted by a wrap- 
ping connector is the centre line of the belt, cord, or chain ; 
and the comparative motions of the pieces are determined by 
the principles of sect. 46 if both pieces turn, and of sect. 47 
if one turns and the other shifts, in which latter case the 
motion must be reciprocating. : 

The pitch-line of a pulley or drum is a curve to which the 
line of connection is always a tangent; that is to say, it is 
a curve parallel to the acting surface of the pulley or drum, 
and distant from it by half the thickness of the wrapping 
connector. 

Pulleys and drums for communicating a constant velocity 
ratio are cireular. The 
effective radius, or radius 
of the pitch-circle of a 
circular pulley or drum, 
is equal to the real radius 
added to half the thick- 
ness of the connector. 
The angular velocities of 
a pair of connected circu- 
lar pulleys or drums are 
inversely as the effective 
radii. 

A crossed belt, as in fig. 
22, A, reverses the direc- 
tion of the rotation com- 
municated; an wnerossed 
belt, as in fig. 22, B, pre- 
serves that direction. 

The length L of an endless belt connecting a pair of pul- 
leys whose effective radii are 74, 72, With parallel axes 
whose distance apart is C, is given by the following formule, 
in each of which the first term, containing the radical, ex- 
presses the length of the straight parts of the belt, and the 
remainder of the formula the length of the curved parts. - 

For a crossed belt,— 


L=2 a8 (ry Fr 9)* + (rat rs) 


Fig. 22. 


(x—2sin “27 472) ale eee, Whe 


and for an uncrossed belt,— 
L=2y {c? — (ry —1'2)?} + a(ry +72) + 211 — 12) 


(32, B) ; 


eo 30's == Ta 
sin Series sk eee sare 


in which r, is the greater radius, and r, the less. 

When the axes of a pair of pulleys are not parallel, the 
pulleys should be so placed that the part of the belt which 
is approaching each pulley shall be in the plane of the pul- 
ley. 

70. Speed-Cones (see fig. 23).—A pair of speed-cones is a 
contrivance for varying and adjusting the velocity ratio 
communicated between a pair of parallel shafts by means 
of a belt. The speed-cones are either continuous cones or 
conoids, as A, B, whose velocity ratio can be varied grad- 
ually while they are in motion by shifting the belt, or sets 
of pulleys whose radii vary by steps, as C, D, in which 
case the velocity ratio can be changed by shifting the belt 
from one pair of pulleys to another. 

In order that the belt may fit accurately in every possi- 
ble position on a pair of speed-cones, the quantity L must be 
constant, in equations 32, A, or 32, B, according as the belt 
is crossed or uncrossed. 

For a crossed belt, as in A and C, fig. 23, L depends solely 


Fig. 23. 


oncand onr,+r,. Nowe is constant because the axes 
are parallel; therefore the swm of the radii of the pitch- 
circles connected in every position of the belt is to be con- 
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stant. That condition is fulfilled by a pair of continuous 
cones generated by the revolution of two straight lines 
inclined opposite ways to their respective axes at equal 
angles. 

For an uncrossed belt, the quantity L in equation 32, B, 
is to be made constant. The exact fulfilment of this con- 
dition requires the solution of a transcendental equation ; 
but it may be fulfilled with accuracy sufficient for practical 
purposes by using, instead of 32, B, the following approx- 
imate equation :— ; 

oie 
L nearly = 2¢+ (74 +72) + (:—ra) hte 

The following is the most convenient practical rule for 
the application of this equation :— 

Let the speed-cones be equal and similar conoids, as in B, 
fig. 23, but with their large and small ends turned opposite 
ways. Letr, be the radius of the large end of each, r, that 
of the small end, ro that of the middle; and let» be the 
sagitta, measured perpendicular to the axes, of the are by 
whose revolution each of the conoids is generated, or, in 
other words, the bulging of the conoids in the middle of 
their length. Then 


(33): 


_ tithe) ree 
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2m = 62832; but 6 may be used in most practical cases 
without sensible error. : 

The radii at the middle and end being thus determined, 
make the generating curve an arc either of a circle or of a 
parabola. 

71. Linkwork in General.—The pieces which are connected 
by linkwork, if they rotate or oscillate, are usually called 
cranks, beams, and levers. The link by which they are con- 
nected is a rigid rod or bar, which may be straight or of 
any other figure; the straight figure, being the most favor- 
able to strength, is always used when there is no special 
reason to the contrary. The link is known by various 
names under various circumstances, such as coupling-rod, 
connecting-rod, crank-rod, eccentric-rod, ete. It is attached 
to the pieces which it connects by two pins, about which 
it is free to turn, The effect of the link is to maintain the 
distance between the axes of those pins invariable; hence 
the common perpendicular of the axes of the pins is the line 
of connection, and its extremities may be called the connected 
points. In a turning piece, the perpendicular let fall from 
its connected point upon its axis of rotation is the arm or 
crank-arm. 

The axes of rotation of a pair of turning pieces connected 
by a link are almost always parallel, and perpendicular to 
the line of connection; in which case the angular velocity 
ratio at any instant is the reciprocal of the ratio of the com- 
mon perpendiculars let fall from the line of connection 
upon the respective axes of rotation. 

If at any instant the direction of one of the crank-arms 
coincides with the line of connection, the common perpen- 
dicular of the line of connection and the axis of the crank- 
arm vanishes, and the directional relation of the motions 
becomes indeterminate. The position of the connecting 
point of the crank-arm in question at such an instant is 
called a dead-point. The velocity of the other connected 
point at such an instant is null, unless it also reaches a 
dead-point at the same instant, so that the line of connec- 
tion is in the plane of the two axes of rotation, in which 
case the velocity ratio isindeterminate. Examples of dead- 
points, and of the means of preventing the inconvenience 
which they tend to occasion, will appear in the sequel. 

72. Coupling of Parallel Axes. —Two or more parallel 
shafts (such as those of a locomotive engine, with two or 
more pairs of driving wheels) are made to rotate with con- 
stantly equal angular velocities by haying equal cranks, 
which are maintained parallel by a coupling-rod of such a 
length that the line of connection is equal to the distance 
between the axes. The cranks pass their dead-points simul- 
taneously. To obviate the unsteadiness of motion which 
this tends to cause, the shafts are provided with a second 
set of cranks at right angles to the first, connected by means 
of a similar coupling-rod, so that one set of cranks pass 
their dead-points at the instant when the other set are 
farthest from theirs. 

73. Comparative Motion of Connected Points.—As the link 
is a rigid body, it is obvious that its action in communicat- 
ing motion may be determined by finding the compara- 
tive motion of the connected points, according to the prin- 
ciples laid down in 2 71, 78, pp. 697, 699, and this is often 
the most convenient method of proceeding. 

If a connected point belongs to a turning piece, the 
direction of its motion at a given instant is perpendicular 
to the plane containing the axis and crank-arm of the 
piece. Ifa connected point belongs to a shifting piece, the 


(34). 
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direction of its motion at any instant is given, and a plane 
can be drawn perpendicular to that direction. 

The line of intersection of the planes perpendicular to 
the paths of the two connected points at a given instant is 
the instantaneous axis of the link at that instant; and the 
velocities of the connected points are directly as their distances 
From that axis. 

In drawing on a plane surface, the two planes perpendic- 
ular to the paths of the connected points are represented 
by two lines (being their sections by a plane normal to 
them), and the instantaneous axis by a point (fig. 24) ; and, 


x 


Fig. 24. 


should the length of the two lines render it impracticable 
to produce them until they actually intersect, the velocity 
ratio of the connected points may be found by the princi- 
ple that it is equal to the ratio of the segments which a 
line parallel to the line of connection cuts off from any 
two lines drawn from a given point, perpendicular respect- 
ively to the paths of the connected points. 

To illustrate this by one example. 
and T, the connected point of the beam of a steam-engine ; 
T,T, the connecting or crank-rod ; T, the other connected 
point, and the centre of the crank-pin C, the axis of the 
erank and its shaft. Let», denote the velocity of T, at 
any given instant; v. that of T,. To find the ratio ‘of 
these velocities, produce C,T,, C,T», till they intersect in 
K; K is the instantaneous axis of the connecting rod, and 
the velocity ratio is 

CR RD St I Cl iA (35). 

Should K be inconveniently far off, draw any triangle with 

its sides respectively parallel to C,T,, C,T,, and T,T, ; the 

ratio of the two sides first mentioned will be the velocity 

ratio required. For example, draw C,A parallel to C,T,, 
cutting T,T, in A; then 

Devoe CoAnG, De “9s wl, (36); 

74, Eecentric.—An eccentric circular disk fixed on a 
shaft, and used to give a reciprocating motion to a rod, is 
in effect a crank-pin of sufficiently large diameter to sur- 
round the shaft, and so to avoid the weakening of the 
shaft which would arise from bending it so as to form an 
ordinary crank. The centre of the eccentric is its connect- 
ed point; and its eccentricity, or the distance from that 
centre to the axis of the shaft, is its crank-arm. 

An eccentric may be made capable of having its eccen- 
tricity altered by means of an adjusting screw, so as to 
vary the extent of the reciprocating motion which it com- 
municates. 

75, Reciprocating Pieces—Stroke—Dead-Points.—The dis- 

‘tance between the extremities of the path of the connected 
point in a reciprocating piece (such as the piston of a steam- 
engine) is called the stroke or length of stroke of that piece. 
When it is connected with a continuously turning piece 
(such as the crank of a steam-engine) the ends of the 
stroke of the reciprocating piece correspond to the dead- 
points of the path of the connected point of the turning 
piece, where the line of connection is continuous with or 
coincides with the crank-arm. 

Let S be the length of stroke of the reciprocating piece, 
L the length of the line of connection, and R the crank-arm 
of the continuously turning piece. Then, if the two ends 
of the stroke be in one straight line with the axis of the 


crank, 
(2) S522 ey ey ee terete 


and if these ends be not in one straight line with that axis, 

then 8S, L—R, and L + R, are the three sides of 4 triangle, 

having the angle opposite S at that axis; so that, if @ be the 
supplement of the are between the dead-points, 
S$? = 2(L?2 + R?) —2(L? — R?) cosa 

2L? + 2R? — §2 Ge oa Welt 
2(L? —R?) } 

76. Coupling of Intersecting Axes—Hooke’s Universal Joint. 


cos 6 = 


Let C, be the axis, |’ 
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—Intersecting axes are coupled by a contrivance of Hooke’s 
known as the “universal joint,’ which belongs to the class 
of linkwork (see fig. 25). Let O be the point of intersec- 
tion of the axes OC,, OC,, and @ their angle of inclination 
to each other. The pair of shafts C,, C, terminate in a 
pair of forks F,, F,, in bearings at the extremities of 
which turn the gudgeons at the ends of the arms of a rect- 
angular cross, having its centre at O. This cross is the 


Fig. 25. 


link; the connected points are the centres of the bearings, 


F,, F,. At each instant each of those points moves at 
right angles to the central plane of its shaft and fork; 
therefore the line of intersection of the central planes of 
the two forks at any instant is the instantaneous axis of 
the cross, and the velocity ratio of the points F,, F, (which, 
as the forks are equal, is also the angular velocity ratio of 
the shafts) is equal to the ratio of the distances of those 
points from that instantaneous axis. The mean value of 
that velocity ratio is that of equality, for each successive 
quarter-turn is made by both shafts in the same time; but 
its actual value fluctuates between the limits— 


ar" when F, is the plane OC,C, 


« (89); 
and =a = cos é@when F, is in that plane 
1 


Its value at intermediate instants is given by the following 
equations :—Let $,, ¢, be the angles respectively made by 
the central planes of the forks and shafts with the plane 
OC,C, at a given instant; then 


cos 0 = tan $, tan $o 
w  _ Ub _ tang, + cot | ~ + + (40): 
ey db, tan ?,+ cot, 


77. Intermittent Linkwork—Click and Ratchet.—A click act- 
ing upon a ratchet-wheel or rack, which it pushes or pulls 
through a certain are at each forward stroke and leaves at 
rest at each backward stroke, is an example of intermittent 
linkwork. During the forward stroke the action of the 
click is governed by the principles of linkwork; during the 
backward stroke that action ceases. <A catch or pall, tarn- 
ing on a fixed axis, prevents the ratchet-wheel or rack from 
reversing its motion, 


Division 5. Trains of Mechanism. 

78. General Principles.—A train of mechanism consists of 
aseries of pieceseach of which is follower to that which 
drives it and driver to that which follows it. The com- 
parative motion of the first driver and last follower is ob- 
tained by combining the proportions expressing by their 
terms the velocity ratios and by their signs the directional 
relations of the several elementary combinations of which 
the train consists. 

79. Trains of Wheel-work.—Let A,, As, Az, etc., Am—,, Am 
denote a series of axes, and a1, wo, %3, etC., %m_1, %m their 
angular velocities. Let the axis A, carry a wheel of N, 
teeth, driving a wheel of n, teeth on the axis A,, which 
carries also a wheel of N, teeth, driving a wheel of n, teeth 
on the axis Az, and so on; the numbers of teeth in drivers 
being denoted by N’s, and in followers by n’s, and the axes 
to which the wheels are fixed being denoted by numbers. 
Then the resulting velocity ratio is denoted by 


am _N,.No..ete.... Nat 
Mp. Nz... ebC.... Nm 


&3 


SrebCri (41); 


1 hy be “m4 
that is to say, the velocity ratio of the last and first axes is 
the ratio of the product of the numbers of teeth in the 
drivers to the product of the numbers of teeth in the fol- 
lowers. 

Supposing all the wheels to be in outside gearing, then, 
as each elementary combination reverses the direction of 
rotation, and as the number of elementary combinations 
m—1is one less than the number of axes m, it is evident 
that if m is odd the direction of rotation is preserved, and 


if even reversed. 
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It is often a question of importance to determine the num- 
ber of teeth in a train of wheels best suited for giving a de- 
terminate velocity ratio to two axes. It was shown by 
Young that, to do this with the least total nwmber of teeth, 
the velocity ratio of each elementary combination should 
approximate as nearly as possible to 3°59. This would in 
many cases give too many axes; and, as a useful practical 
rule, it may be laid down that from 3 to 6 ought to be the 
limit of the velocity ratio of an elementary combination 
in wheelwork. The smallest number of teeth in a pinion 
for epicycloidal teeth ought to be twelve (see sect. 59),—but 
it is better, for smoothness of motion, not to go below 
fifteen; and for involute teeth the smallest number is about 
twenty-four. 


Let z 


‘B. 
terms, and let B be greater than C. If G is not greater 


be the velocity ratio required, reduced to its least 


than 6, and C lies between the prescribed minimum num- 
ber of teeth (which may be called t) and its double 2¢, then 
one pair of wheels will answer the purpose, and B and C 
will themselves be the numbers required. Should Band C 
be inconveniently large, they are, if possible, to be resolved 
into factors, and those factors (or if they are too small, 
multiples of them) used for the number of teeth. Should 
B or C, or both, be at once inconveniently large and prime, 


eB ; : é 
then, instead of the exact ratio G» Some ratio approximating 


to that ratio, and capable of resolution into convenient fac- 
tors, is to be found by the method of continued fractions. 


Should z be greater than 6, the best number of elemen- 


tary combinations m—1 will lie between 
log B—log C log B—logC 

log 6 on log 3 
Then, if possible, B and C themselves are to be resolved 
each into m— 1 factors (counting 1 as a factor), which fac- 
tors, or multiples of them, shall be not less than ¢ nor 
greater than 6¢; or if Band Ccontain inconveniently large 
prime factors, an approximate velocity ratio, found by the 


B 
method of continued fractions, is to be substituted for rel 


as before. 

So far as the resultant velocity ratio is concerned, the 
order of the drivers N and of the followers n is immaterial ; 
but to secure equable wear of the teeth, as explained in 
sect. 54, the wheels ought to be so arranged that, for each 
elementary combination, the greatest common divisor of 
N and n shall be either 1, or as small as possible. 

80. Double Hooke’s Coupling.—tit has been shown in sec- 
tion 76 that the velocity ratio of a pair of shafts coupled by 
a universal joint fluctuates between the limits cos 6 and 


aos 8 Hence one or both of the shafts must have a vibra- 


tory and unsteady motion, injurious to the mechanism and 
framework. To obviate this evilashort intermediate shaft 
is introduced, making equal angles with the first and last 
shaft, coupled with each of them by a Hooke’s joint, and 
having its own two forks in the same plane. Let «,, a», 
a, be the angular yelocities of the first, intermediate, and 
last shaft in this train of two Hooke’s couplings. Then, from 
the principles of sect. 76 it is evident that at each instant 
#e = on and consequently that «, =«,; so that the fluc- 
tuations of angular velocity ratio caused by the first coup- 
ling are exactly neutralized by the second. and the first and 
last shafts have equal angular velocities at each instant. 
81. Converging and Diverging Trains of Mechanism.—Two 
or more trains of mechanism may converge into one,—as 
when the two pistons of a pair of steam-engines, each 
through its own connecting-rod, act upon one crank-shaft. 
One train of mechanism may diverge into two or more,—as 
when a single shaft, driven by a prime mover, carries sev- 
eral pulleys, each of which drives a different machine. The 
principles of comparative motion in such converging and 
diverging trains are the same as in simple trains. 


Division 6. Aggregate Combinations. 


82. General Principles.—Willis has designated as “aggre- 
gate combinations” those assemblages of pieces of mechan- 
ism in which the motion of one follower is the resultant of 
component motions impressed on it by more than one driver. 
Two classes of aggregate combinations may be distinguished 
which, though not different in their actual nature, differ 
in the data which they present to the designer, and in the 
method of solution to be followed in questions respecting 
them, 
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Class I. comprises those cases in which a piece A is not 
carried directly by the frame C, but by another piece B, 
relatively to which the motion of A is given,—the motion of 
the piece B relatively to the frame C being also given. 
Then the motion of A relatively to the frame C is the result- 
ant of the motion of A relatively to B and of B relatively 
to C; and that resultant is to be found by the principles 
already explained in division 3 of this chapter, sects, 34 
to 41. 

Class II. comprises those cases in which the motions of 
three points in one follower are determined by their con- 
nections with two or with three different drivers, so that 
the motion of the follower, as a whole, is to be determined 
by the principles of $371, 78, pp. 697, 699. 

This classification is founded on the kinds of problems 
arising from the combinations. Willis adopts another 
classification, founded on the objects of the combinations, 
which objects he divides into two classes, viz. (1) to pro- 
duce aggregate velocity, or a velocity which is the resultant 
of two or more components in the same path, and (2) to 
produce an aggregate path, that is, to make a given point in 
a rigid body move in an assigned path by communicating 
certain motions to other points in that body. 

It is seldom that one of these effects is produced without 
at the same time producing the other; but the classifica- 
tion of Willis depends upon which of those two effects, even 
supposing them to occur together, is the practical object of 
the mechanism. s 

83. Reduplication of Cords—Differential Windlass—Blocks, 
Sheaves, and Tackle-—The axis C (fig. 26) carries a larger bar- 
rel AE and a smaller barrel DB, rotating 
as one piece with the angular velocity «, 
in the direction AE, The pulley or sheave 
FG has a weight W hung to its centre. 
A cord has one end made fast to and 
wrapped round the barrel AE; it passes 
from A under the sheave FG, and has the 
other end wrapped round and made fast 
to the barrel BD. Required the relation 
between the velocity of translation v, of 
W and the angular velocity «, of the differ- 
ential barrel. 

In this case v, is an aggregate velocity, pro- 
duced by the joint action of the two driv- 
ers AE and BD, transmitted by wrapping 
connectors to FG, and combined by that 
sheave so as to act on the follower W, 
whose motion is the same with that of the 
centre of FG. ; 

The velocity of the point F is #,. AC, wpward motion 
being considered positive. The velocity of the point G@ is 
—a,. CB, downward motion being negative. Hence (pp. 
697, 698, 22 71, 72) the instantaneous axis of the sheave FG 
is in the diameter FG, at the distance 


Fig. 26. 


FG AC—BC 
2 -AC+ BC 
from the centre towards G; the angular velocity of the 
sheave is 
AC + BC 
U7 ay CRE Hee ; 
and, consequently, the velocity of its centre is 
FG AC—BC_ «a,(AC—BC) 
Y= 42-3 - AGE BOT B wenn, 


or the mean between the velocities of the two vertical parts of 
the cord. 

If the cord be fixed to the frame-work at the point B, 
instead of being wound on a barrel, the velocity of W is 
half that of AF. 

A case containing several sheaves is called a block. A fall- 
block is attached to a fixed point ; a running-block is movable 
to and from a fall-block, with which it is connected by 
two or more plies of a rope. The whole combination con- 
stitutes a tackle or purchase. 

The two plies of a rope at opposite sides of a sheave in 
the fall-block have equal and opposite velocities. The two 
plies at opposite sides of a sheave in the running-block 
have velocities (as in the case of the sheave FG) differing 


equally in opposite directions from the velocity of the 


running-block. 

One end of the rope is fastened either to the fall-block or 
the running-block. The other, or free end,is called the 
fall. Let vy be the velocity of the fall, v2 that of the run- 
ning-block; and let it be required to find their ratio; and 
let velocities towards the fall-block be positive, and from 
it negative. 

CasE 1. If the fastened end of the rope be attached to 
the fall-block its velocity is 0, and this also is the velocity 
of the first ply. The rope passes under a sheave in the 
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running-block, so that the velocity of the second ply is 2v5. 
It then passes over a sheave in the fall-block ; the velocity 
of the third ply is —2v,; then under a sheave in the run- 
ning-block ; the velocity of the fourth ply is 4v,; and so on, 
—the general law being this:—let n be an even number, then 
the velocity of the n ply =nv, 
(n +1)" ply = “ive 3) MINAS He 
= 11, if the fall be the (n + 1)" ply 
Cask 2. If the fastened end of the rope be attached to 
. the running-block, the velocity of the first ply is v2; of 
the second, — v,; of the third, 3v,; of the fourth, — 3v,; 
and, generally, if n be an odd number, 
velocity of the x ply =nv, 
e (n+ 1) ply = — nv, } eae lp 
=,, if the fall be the (n + 1) ply 


Generally,— 
v e 
“= Se See tee . - (45), 
where nis the number of plies of rope by which the running-block 
hangs. 


The sheaves in a block are usually made all of the same 
diameter, and turn on a fixed pin, and they have, conse- 
quently, different angular velocities. But by making the 
diameter of each sheave proportional to the velocity, rela- 
tively to the block, of the ply of rope which it is to carry, 
the angular velocities of the sheaves in one block may be 
rendered equal, so that the sheaves may be made all in one 
piece, and may have journals turning in fixed bearings. 
This is called White’s tackle, from the inventor. 

For details and technical terms see SHIPBUILDING. 

84. Differential Screw.—On the same axis let there be two 
screws of the respective pitches p, and p,, made in one 
piece, and rotating with the angular velocity « Let this 
piece be called B. Let the first screw turn in a fixed nut 
C, and the second in a sliding nut A. The velocity of ad- 
vance of B relatively to C is (according to sect. 41) ep,,and 
of A relatively to B (according to sect. 67) — ep,; hence 
the velocity of A relatively to C is 


Pi Vs) cee veep! «dj,» «| (48), 


being the same with the velocity of advance of a screw of 
the pitch pj —p.. This combination, called Hunter’s or the 
differential screw, combines the strength of a large thread 
with the slowness of motion due to a small one. 

85. Epicyclic Trains.—The term epicyclic train is used by 
Willis to denote a train of wheels carried by an arm, and 
having certain rotations relatively to that arm, which itself 
rotates. The arm may either be driven by the wheels or 
assist in driving them. The comparative motions of the 
wheels and of the arm, and the aggregate paths traced by 
points in the wheels, are determined by the principles of 
the composition of rotations, and of the description of roll- 
ing curves, explained in sects. 37 to 40. 

86. Link Motion.—Let S (fig. 27) be the shaft of a steam- 
engine, O its axis, Ey the forward eccentric, suitably placed 
for moving the slide-valve when the shaft rotates for- 
wards, F its centre, OF its erank-arm, Cy its rod, Ep the 
backward eccentric, suitably placed for moving the slide- 
valve when the shaft rotates backwards, B its centre, OB 
its crank-arm, C, its rod. L is a long narrow box called 
the link, jointed at Ty and T; to the eccentric rods ; R is the 
valvye-rod which works the slide-valve, jointed to P, a slider, 


Cal 


Fig. 27. 


which, by moving either L or R, or both, can be adjusted 
to any required position in the link. When P is at Tythe 
valve is said to be in full forward gearing, being acted upon 
by Eyalone. When P is at Ty the valve issaid to be in full 
backward gearing, being acted upon by Ey alone. When P 
is placed in an intermediate position, the valve has an 
aggregate motion due to the joint action of E, and Ep. 
The most exact mode of determining that motion is tomake 
a skeleton drawing of the apparatus in various positions ; 
but an approximation to the motion of the valve may be 
obtained by joining FB, and taking Q so that 
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then the valve will move nearly as if it were worked by 
one eccentric, having its centre at Q. 
87. Parallel Motions (exact).—A parallel motion is a combi- 
nation of turning pieces in mechanism designed to guide 
A the motion of a recip- 
rocating piece either 
exactly or approxi- 
mately in a straight 
line, so as to avoid the 
friction which arises 
from the use of straight 
guides for that purpose, 
== Fig. 28 represents an 
“7 exact parallel motion, 
first proposed, itis be- 
lieved, by Mr. Scott 
a Russell. 
- Thearm CD turns on 
‘ the axis C, and is joint- 
Fig. 28. ed at D to the middle 
of the bar ADB, whose 
length is double of that of CD, and one of whose ends B is 
jointed to a slider, sliding in straight guides along the 
line CB. Draw BE perpendicular to CB, cutting CD pro- 
duced in E, then E is the instantaneous axis of the bar 
ADB; and the direction of motion of A is at every instant 
perpendicular to EA, that is, along the straight line ACa. 
While the stroke of A is ACa, extending to equal distances 
on either side of C, and equal to twice the chord of the are 
Dd, the stroke of B is only equal to twice the sagitta; and 
thus A is guided through a comparatively long stroke, by 
the sliding of B through a comparatively short stroke, and 
by rotatory motions at the joints C, D, B. (For details, see 
STEAM-ENGINE.) 

88. Parallel Motion —Watt’s Approximate (see fig. 29).— 
Let CT, ct be a pair of levers connected by a link Tt, and 
oscillating about the axes Cc between the positions marked 
land 3. Let the middle positions of the levers CT,, ct, be 
parallel to each other. It is required to find a point Pin 
the link Tf such that its middle position P, and its ex- 
treme positions P,, P, shall be in the same straight line 
SS, perpendicular to CT,, ct,, and so to place the axes C, con 
the lines CT,, et, that the path of P between the positions 
P,, P2, Ps shall be as near as possible to a straight line. 


orc 
\ 


si 
i TI 


Fig. 29. 


The axes C, c are to be so placed that the middle M of 
the versed sine VT,, and the middle m of the versed sine 
ots, of the respective arcs whose equal chords T,Ts3, t,t 
represent the stroke, may each be in the line SS. Then 
T, and T, will be as far to one side of SS as T, is to the 
othex, and ¢, and t, will be as far to the latter side of SS 
as t, is to the former; consequently, the two extreme posi- 
tions of the links T,t,, T3f,; are parallel to each other, 
and inclined to SS at the same angle in one direction that 
the middle position of the link T,f, is inclined to that line 
in the other direction, and the three intersections P,, P., 
P, are at the same point on the link. 

The position of the point P on the link is found by the 
following proportional equation:— 


OND oda (EA Br 
TV +%:TV: WexerAeens 
::CM + cm: cm : CM 


Suppose the axes C, ¢ to be given, the line of stroke SS, 
and the length of stroke L = T,T3 =t,¢3, and that it is re- 


(47). 
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quired to find the dimensions of the levers and link. Let 
fall CM and em perpendicular to SS; then 
‘2 Tee ) 
TY = som} = Bem 
CT =CM+4TV; ct=em+ tiv; 
Tt= y/ {Mm? + 4(TV + tv)?} 
If Cand ¢c are at the same side of SS, the smaller of the 
two perpendiculars is to be treated as negative in the form- 
ule, and the difference of the versed sines used instead 
of their sum; and the point P will lie in the prolongation 
of the link beyond Tt to the side of the longer lever. When 
the ares of oscillation of the levers on either side of their 
middle positions do not exceed 20°, the intermediate por- 
tions of the path of P between P,, P., and P, are near 
enough to a straight line for practical purposes; and that 
point may be used to guide a sliding piece, such as the pis- 
ton-rod of a steam-engine, for which purpose this parallel 
motion was originally invented by Watt. 
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CHAPTER II. ON APPLIED DYNAMICS. 


89. Laws of Motion.—The action of a machine in trans- 
mitting force and motion simultaneously, or performing 
work, is governed, in common with the phenomena of moy- 
ing bodies in general, by two “laws of motion,” for which 
see p. 683 sq. 5 

90. Comparison of Deviating Force with Gravity.—See p. 
706, 22 104-106. 

91. Deviating Forces Classed—Deflecting Force—Accelera- 
ting and Retarding Forces.—See pp. 708, 709, 22 114-119. 

92. Division of the Subject.—On this classification of the 
deviating forces in machines is founded the following divis- 
ion of the subject of dynamics as applied to machines :— 

Division 1.—Balanced forces in machines of uniform vye- 
locity. 

Division 2.—Deflecting forces in such machines. 

Division 3.—Working of machines of varying velocity. 


Division 1. Balanced Forces in Machines of Uniform Velocity. 


93. Application of Force to Mechanism.—Forces are applied 
in units of weight; and the unit most commonly employed 
in Britain is the pound avoirdupois. The action of a force 
applied to a body is always in reality distributed over 
some definite space, either a volume of three dimensions 
or a surface of two; An example of a force distributed 
throughout a volume is the weight of the body itself, which 
acts on every particle, however small. The pressure exert- 
ed between two bodies at their surface of contact, or be- 
tween the two parts of one body on either side of an ideal 
surface of separation, is an example of a force distributed 
over asurface. The mode of distribution of a force applied 
to a solid body requires to be considered when its stiffness 
and strength are treated of; but, in questions respecting 
the action of a force upon a rigid body ‘considered as a 
whole, the resultant of the distributed force, determined ac- 
cording to the principles of Statics, and considered as acting 
in a single line and applied at a single point, may, for the oc- 
casion, be substituted for the force as really distributed. 
Thus, the weight of each separate piece in a machine is 
treated as acting wholly at its centre of gravity,and each pres- 
sure applied to itas acting at a point called the centre of pres- 
sure of the surface to which the pressure is really applied. 

94. Forces applied to Mechanism Classed.—If 0 be the 
obliquity of a force F applied to a piece of a machine,—that 
is, the angle made by the direction of the force with the di- 
rection of motion of its point of application—then by the 
principles of Statics, F may be resolved into two rectangu- 
lar components, viz :— 

Along the direction of motion, P = F cos 6 } (49) 
Across the direction of motion, Q=Fsines * * H 


If the component along the direction of motion acts 
with the motion, it is called an effort ; if against the motion, 
a resistance, The component across the direction of motion 
is a lateral pressure; the unbalanced latéral pressure on any 
piece, or part of a piece, is deflecting force. A lateral pres- 
sure may increase resistance by causing friction ; the fric- 
tion so caused acts against the motion, and is a resistance, 
but the lateral pressure causing it is not a resistance. Re- 
sistances are distinguished into useful and prejudicial, ac- 
cording as they arise from the useful effect produced by 
the machine or from other causes. 

95. Work.—Work consists in moving against resistance. 
The work is said to be performed, and the resistance over- 
come. Workis measured by the product of the resistance 
into the distance through which its point of application is 
moved. The wnit of work commonly used in Britain is a 
resistance of one pound overcome through a distance of 
one foot, and is called a foot-pound. 

Work is distinguished into useful work and prejudicial or 
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lost work, according as it is performed in producing the use- 
ful effect of the machine, or in overcoming prejudicial re- 
sistance. 

96. Lnergy—Potential Energy.—Energy means capacity for 
performing work. The energy of an effort, or potential energy, 
is measured by the product of the effort into the distance 
through which its point of application is capable of being 
moved. The unit of energy is the same with the unit of 
work, 

When the point of application of an effort has becn moved 
through a given distance, energy is said to have been exerted 
to an amount expressed by the product of the effort into 
the distance through which its point of application has 
been moved. 

97. Variable Effort and Resistance.—If an effort has differ- 
ent magnitudes during different portions of the motion of 
its point of application through a given distance, let each 
different magnitude of the effort P be multiplied by the 
length As of the corresponding portion of the path of the 
point of application; the sum 

S|, PAs) eee . (50) 


is the whole energy exerted. If the effort varies by insen- 
sible gradations, the energy exerted is the integral or limit 
towards which that sum approaches continually as the di- 
visions of the path are made smaller and more numerous, 


and is expressed by 
S Pas Sa, ge bs We 


Similar processes are applicable to the finding of the work 
performed in overcoming a varying resistance, 

98. Dynamometer or Indicator—A dynamometer or indi- 
cator is an instrument which measures and records the 
energy exerted by an effort. It usually consists essen- 
tially, first, of a piece of paper moving with a velocity pro- 
portional to that of the point of application of the effort, 
and having a straight line marked on it parallel to its direc- 
tion of motion, called the zero line; and secondly, of a 
spring acted upon and bent by the effort, and carrying a 
pencil whose perpendicular distance from the zero line, as 
regulated by the bending of the spring, is proportional to 
the effort. The pencil traces on the piece of paper a line 
such that its ordinate perpendicular to the zero line at a 
given point represents the effort P for the corresponding 
point in the path of the point of effort, and the area be- 
tween two ordinates represents the energy exerted, Sf Pds, for 
the corresponding portion of the path of the point of effort. 

99. Principle of the Equality of Energy and Work.—From 
the first law of motion it follows that in a machine whose 
pieces move with uniform velocities the efforts and resist- 
ances must balance each other. Now from the laws of 
Statics (see above) it is known that, in order that a system 
of forces applied to a system of connected points may be in 
equilibrium, it is necessary that the sum formed by put- 
ting together the products of the forces by the respective 
distances through which their points of application are 
capable of moving simultameously each along the direction 
of the force applied to it, shall be zero,—products being 
considered positive or negative according as the direction 
of the forces and the possible motions of their points of 
application are the same or opposite. 

In other words, the sum of the negative products is 
equal to the sum of the positive products. This principle, 
applied to a machine whose parts move with uniform velo- _ 
cities, is equivalent to saying that in any given interval of 
time the eneryy exerted is equal to the work performed. 

The symbolical expression of this law is as follows :—Let 
efforts be applied to one or any number of points of a ma- 
chine ; let any one of these efforts be represented by P, and 
the distance traversed by its point of application in a given 
interval of time by ds; let resistances be overcome at one 
or any number of points of the same machine; let any one 
of these resistances be denoted by R, and the distance 
traversed by its point of application in the given interval 
of time by ds’; then 

=. Pds = 5... Rds’. 0 a eee 


The lengths ds, ds’ are proportional to the velocities of 
the points to whose paths they belong, and the proportions 
of those velocities to each other are deducible from the con- 
struction of the machine by the principles of pure mech- 
anism explained in Chapter I. 

100. Eficiency.—The efficiency of a machine is the ratio of 
the useful work to the total work,—that is, to the energy 
exerted,—and is represented by 


3. Ruds’ =. Ruds! =.Ruds’_U 

SURds" 3). Buds’ +3. Rods’ 6 (SeRdseaee 
Ry being taken to represent useful and Rp» prejudicial re- 
sistances. 


The more nearly the efficiency of a machine approaches 
to unity the better is the machine. 


a et ioe 


af 6a 
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101. Power and Effect.—The power of a machine is the en- 
ergy exerted, and the effect the useful work performed, in 
some interval of time of definite length, such as a second, 
an hour, or a day. 

The unit of power, called conventionally a horse-power, is 
550 foot-pounds per second, or 33,000 foot-pounds per min- 
ute, or 1,980,000 foot-pounds per hour. 

102. Modulus of a Machine.—In the investigation of the 
properties of a machine, the useful resistances to be over- 
come and the useful work to be performed are usually 
given. The prejudicial resistances are generally functions 
of the useful resistances of the weights of the pieces of the 
mechanism, and of their form and arrangement; and, having 
been determined, they serve for the computation of the lost 
work, which, being added to the useful work, gives the ex- 
penditure of energy required. The result of this investi- 
gation, expressed in the form of an equation between this 
energy and the useful work, is called by Moseley the mod- 
ulus of the machine. The general form of the modulus may 
be expressed thus— 


E=U+9(U, A) + ¥(A) BET ae (54), 


where A denotes some quantity or set of quantities depend- 
ing on the form, arrangement, weight, and other properties 
of the mechanism. Moseley, however, has pointed out that 
in most cases this equation takes the much more simple 


form of 

Bi tea OER Bs oe count x o's. COD)5 
where A and B are constants, depending on the form, ar- 
rangement, and weight of the mechanism. The efliciency 
corresponding to the last equation is 

Wis at 
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103. Trains of Mechanism.—In applying the preceding prin- 
ciples to a train of mechanism, it may either be treated as 
a whole, or it may be considered in sections consisting of 
single pieces, or of any convénient portion of the train,— 
each section being treated as a machine driven by the effort 
applied to it and energy exerted upon it through its line 
of connection with the preceding section, performing use- 
ful work by driving the following section, and losing work 
by overcoming its own prejudicial resistances, 

It is evident that the efficiency of the whole train is the prod- 
uct of the efficiencies of its sections, 

104. Rotating Pieces—Couples of Forces.—It is often con- 
venient to express the energy exerted upon and the work 
performed by a turning piece in a machine in terms of the 
moment of the couples of forces acting on it, and of the an- 
gular velocity. See p. 736, ? 219. 

The ordinary British unit of moment is a foot-pound ; but 
it is to be remembered that this is a foot-pound of a differ- 
ent sort from the unit of energy and work, 

If a force be applied to a turning piece in a line not pass- 
ing through its axis, the axis will press against its bearings 
with an equal and parallel force, and the equal and oppo- 
site reaction of the bearings will constitute, together with 
the first-mentioned force, a couple whose arm is the per- 
pendicular distance from the axis to the line of action of 
the first force. 

A couple is said to be right- or left-handed with reference 
to the observer, according to the direction in which it tends 
to turn the body, and is a driving couple or a resisting couple 
according as its tendency is with or against that of the 
actual rotation. 

Let dt be an interval of time, « the angular velocity of 
the piece; then «dt is the angle through which it turns in 
the interval dt, and/ds = vdt =radt is the distance through 
which the point of application of the force moves. Let P 
represent an effort, so that Pr is adriving couple, then 


Pds = Podt =Pradt=Madt . .. . (57) 


is the energy exerted by the couple M in the interval dt; 
and a similar equation gives the work performed in over- 
coming a resisting couple. When several couples act on 
one piece, the resultant of their moments is to be multi- 
plied by the common angular velocity of the whole piece. 

105. Reduction of Forces to a given Point, and of Couples to 
the Axis of a given Piece.—In computations respecting ma- 
chines it is often convenient to substitute for a force applied 
to a given point, or a couple applied to a given piece, 
the equivalent force or couple applied to some other 
point or piece; that is to say, the force or couple, which, 
if applied to the other point or piece, would exert 
equal energy or employ equal work. The principles of this 
reduction are that the ratio of the given to the equivalent 
force is the reciprocal of the ratio of the velocities of their 
points of application, and the ratio of the given to the 
equivalent couple is the reciprocal of the ratio of the angu- 
lar velocities of the pieces to which they are applied. 


(56). 
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These velocity ratios are known by the construction of 
the mechanism, and are independent of the absolute speed. 

106. Balanced Lateral Pressure of Guides and Bearings.— 
The most important part of the lateral pressure on a piece 
of mechanism is the reaction of its guides, if it is a sliding 
piece, or of the bearings of its axis, if it is a turning piece ; 
and the balanced portion of this reaction is equal and oppo- 
site to the resultant of all the other forces applied to the 
piece, its own weight included. There may be or may not 
be an unbalanced component in this pressure, due to the 
deviated motion. Its laws will be considered in the sequel. 

107. Friction—Unguents.—The most important kind of 
resistance in machines is the friction or rubbing resistance of 
surfaces which slide over each other. The direction of the 
resistance of friction is opposite to that in which the sliding 
takes place. Its magnitude is the product of the normal 
pressure or force which presses the rubbing surfaces 
together in a direction perpendicular to themselves into 
a specific constant already mentioned in Part I., sect. 13, as 
the coefficient of friction, which depends on the nature and 
condition of the surfaces of the unguent, if any, with 
which they are covered. The total pressure exerted between 
the rubbing surfaces is the resultant of the normal pressure 
and of the friction, and,its obliquity, or inclination to the 
common perpendicular of the surfaces, is the angle of repose 
formerly mentioned in sect. 13, whose tangent is the coeffi- 
cient of friction. Thus, let N be the normal pressure, R 
the friction, T the total pressure, f the coefficient of friction, 
and ¢ the angle of repose; then 


Pp aatiae sO he 

BosNLW bene Tenet (58%. 
Experiments on friction have been made by Coulomb, 
Vince, Rennie, Wood, D. Rankine, and others. The most 
complete and elaborate experiments are those of Morin, pub- 
lished in his Notions Fondamentales de Mécanique, and repub- 
lished in Britain in the works of Moseley and Gordon. The 
following is an exceedingly condensed abstract of the most 
important results, as regards machines, of these experiments: 


Surfaces. Sf. 
WiGO8. OL) WiOGE OLY A. vidsni dasicaedassvsicacsvescazeoneed 0°25 to 0°5 
0., soaped . i 0'2 
Metals on oak, dry......... 0°5 to 0°6 
Do., wet..... 0°24 to 0°26 
Do., SOU DOU ac. seaunsecnerdencascaym | censaten 2 
PION MEE W ales cau cducavadsWed dong uasensccsande 0°2 to 0°25 
HLCM P OBNORUS OMY stecatascare: exncdacaers saxsacorustenses 0°58 
Do., WiGUnasaasmmnece 0°33 
Leather on oak, wet or dry.. . 0°27 to 0°35 
Leather on metals, dry........ 0°56 
Do., wet..... 0°36 
Do., greasy 0°23 
Do., OUR a sad ceaviovascausipnecceverre 0°15 
Metals omimotalay Gr ycis<.;.icsansncsecascsodsavbas sev aeve 


Smooth surfaces with unguents, occasionally 
SIRORHONE Sb ig And, stints adventecc ate dces cldetnasc, saeteenasyraca) OUT GOO OG 
Smooth surfaces with unguents, well greased. 0°05 
Smooth surfaces with unguents, well greased, 
DORE WORUM Sis cosncssiesnssas srentesnspeenceh eas rsarseassngO0e LOL OnG 

It is to be understood that the above-stated law of fric- 
tion is only true for dry surfaces when the pressure is not 
sufficient to indent or abrade the surfaces, and for greased 
surfaces when the pressure is not sufficient to force 
out the unguent from between the surfaces. If the 
proper limit be exceeded, the friction increases more rap- 
idly than in the simple ratio of the normal pressure. 

The limit of pressure for unguents diminishes as the 
speed increases, The following are some of its approxi- 
mate values as inferred from experience in railway locomo- 
tive and carriage axles :— 


Velocity of rubbingin feet persecond 1 2% 5 
Intensity of normal pressure per tb 3992 294 140 
per square inch Of surface... f° fe 


In pivots, the intensity of the pressure is usually fixed 
at about one ton per square inch. 

Unguents should be comparatively thick for heavy press- 
ures, that they may resist being forced out,,.and compara- 
tively thin for light pressures, that their viscidity may 
not add to the resistance. 

Unguents are of three classes, viz :— 

1. Fatty: consisting of animal or vegetable fixed oils, 
such as tallow, lard-oil, seed-oil, whale-oil, olive-oil, 
Drying oils, which absorb oxygen and harden,.are obviously 
unfit for unguents. 

2. Soapy: composed of fatty oil, alkali,.andiwater. The 
best grease of this class should not contain more than about 
25 or 30 per cent. of water; bad kinds contain 40 or 50 per 
cent. The additional water diminishes the cost, but spoils 
the unguent. 

3. Bituminous: composed of solid and! liquid mineral 
compounds of hydrogen and carbon. 

108. Work of Friction—Moment of Friction.—The work 
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performed in a unit of time in oyercoming the friction of 
a pair of surfaces is the product of the friction by the velo- 
city of sliding of the surfaces over each other, if that is the 
same throughout the whole extent of the rubbing surfaces. 
If that velocity is different for different portions of the 
rubbing surfaces, the velocity of each portion is to be mul- 
tiplied by the friction of that portion, and the results 
summed or integrated, 

When the relative motion of the rubbing surfaces is one 
of rotation, the work of friction in a unit of time, for » 
portion of the rubbing surfaces at a given distance from 
the axis of rotation, may be found by multiplying together 
the friction of that portion, its distance from the axis, 
and the angular velocity. The product of the force of 
friction by the distance at which it acts from the axis of 
rotation is called the moment of friction. The total mo- 
ment of friction of a pair of rotating rubbing surfaces is the 
sum or integral of the moments of friction of their several 
portions. 

To express this symbolically, let dw represent the area 
of a portion of a pair of rubbing surfaces at a distance r 
from the axis of their relative rotation ; p the intensity of 
the normal pressure at dw per unit of area; and f the co- 
efficient of friction. Then the moment of friction of du is 


Sprdu; 
the total moment of friction is 


f/pr.du; 
and the work performed in aunitof f + + + + (59). 
time in overcoming friction, when the 
angular velocity is @, is 


wf /pr.du. 


It is evident that the moment of friction, and the work 
lost by being performed in overcoming friction, are less in 
a rotating piece as the bearings are of smaller radius. But 
a limit is put to the diminution of the radii of journals 
and pivots by the conditions of durability and of proper 
lubrication stated in sect. 107, and also by conditions of 
strength and stiffness. 

109. Total Pressure between Journal and Bearing.—A single 
piece rotating with an uniform velocity has four mutually 
balanced forces applied to it :—(1) the effort exerted on it 
by the piece which drives it ; (2) the resistance of the piece 
which follows it,—-which may be considered for the pur- 
poses of the present question as useful resistance ; (3) its 
weight; and (4) the reaction of its own cylindrical bear- 
ings. There are given the following data :— 

The direction of the effort. 

The direction of the useful resistance. 

The weight of the piece and the direction in which it acts. 

The magnitude of the useful resistance. 

The radius of the bearing r. 

The angle of repose ¢, corresponding to the friction of 

the journal on the bearing. 
And there are required the following :— 

The direction of the reaction of the bearing. 

The magnitude of that reaction. 

The magnitude of the effort. 

Let the useful resistance and the weight of the piece be 
compounded by the principles of Statics into one force, and 
let this be called the given force. 

The directions of the effort and of the given force are 
either parallel or meet in a point.. If they are parallel, the 
direction of the reaction of the bearing is also parallel to 
them ; if they meet in a point, the direction of the reaction 
traverses the same point. 


Also, let AAA, fig. 30, be a section of the bearing, and C 
its axis; then the direction of the reaction, at the point 
where it intersects the cirele AAA, 
must make the angle # with the A 
radius of that circle; that is to say, 
it must be a line such as PT touch- 
ing the smaller circle BB, whose 
radius is r.sin¢d. The side on ce ) 
which it touches that circle is de- 
termined by the fact that the ob- A\ 
liquity of the reaction is such as to 
oppose the rotation. Pp 
Thus is determined the direction 
of the reaction of the bearing; and 
the magnitude of that reaction and Fig. 30, 
of the effort are then found by the 
principles of the equilibrium of three forces already stated 
in Part I., sect. 7 (see also p. 710, 3 124). 
The work lost in overcoming the friction of the bearing 
is the same with that which would be performed in over- 
coming at the circumference of the small circle BB a resist- 
ance equal to the whole pressure between the journal and 
bearing. 
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In order to diminish that pressure to the smallest possible 
amount, the effort, and the resultant of the use*ul resist- 
ance, and the weight of the piece (called above the “ given 
force’’) ought to be opposed to each other as directly as is 
practicable consistently with the purposes of the ma- 
chine. 

110. Friction of Pivots and Collars.—When a shaft is acted 
upon by a force tending to shift it lengthways, that force 
must be balanced by the reaction of a bearing against a pivot 
at the end of the shaft; or, if that be impossible, against 
one or more collars, or rings projecting from the body of the: 
shaft. The bearing of the pivot is called a step or footstep. 
Pivots require great hardness, and are usually made of 
steel. The flat pivot is a cylinder of steel having a plane 
circular end as a rubbing surface. Let N be the total press- 
ure sustained by a flat pivot of the radius r; if that press- 
ure be uniformly distributed, which is the case when the 
rubbing surfaces of the pivot and its step are both true 
planes, the mtensity of the pressure is 


p= (60) ; 


and, introducing this value into equation 59, the moment 
of friction of the flat pivot is found to be 
4fNr. coe eR e6l)) 


or two-thirds of that of a cylindrical journal of the same 
radius under the same normal pressure. 

The friction of a conical pivot exceeds that of a flat pivot 
of the same radius, and under the same pressure, in the 
proportion of the side of the cone to the radius of its base. 

The moment of friction of a collar is given by the form- 
ula— 
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where r is the external and 7’ the internal radius. 

In the cup and ball pivot the end of the shaft and the 
step present two recesses facing each other, into which are 
fitted two shallow cups of steel or hard bronze. Between 
the concave spherical surfaces of those cups is placed a steel 
ball, being either a complete sphere or a lens haying con- 
vex surfaces of a somewhat less radius than the concave 
surfaces of the cups. The moment of friction of this pivot is 
at first almost inappreciable from the extreme smallness of 
the radius of the circles of contact of the hall and cups, 
but, as they wear, that radius and the moment of friction 
increase. 

It appears that the rapidity with which a rubbing sur- 
face wears away is proportional to the friction and to the 
velocity jointly, or nearly so. Hence 
the pivots already mentioned wear 
unequally at different points, and 
tend to alter their figures. Schiele 
has invented a pivot which preserves 
its original figure by wearing equally 
at all points in a direction parallel 
to its axis. The following are the 
principles on which this equality of 
wear depends :— 

The rapidity of wear of a surface 
measured in an oblique direction is 
to the rapidity of wear measured 
normally as the secant of the obliq- 
uity is to unity. Let OX (fig. 31) be 
the axis of a pivot, and let RPC be a 
portion of a curve such that at any 
point P the secant of the obliquity to 
the normal of the curye of a line parallel to the axis is in- 
versely proportional to the ordinate PY, to which the ve- 
locity of P is proportional. The rotation of that curve 
round OX will generate the form of pivot required. Now 
let PT be a tangent to the curve at P, cutting OX in T; 
PT = PY secant obliquity, and this is to be a constant 
quantity ; hence the curve is that known as the tractory 
of the straight line OX, in which PT =OR= constant. 
This curve is described by having a fixed straight edge 
parallel to OX, along which slides a slider carrying a pin 
whose centre is T. On that pin turns an arm, carrying at 
a point P a tracing-point, pencil, or pen. Should the pen 
have a nib of two jaws, like those of an ordinary drawing- 
pen, the plane of the jaws must pass through PT. Then, 
while T is slid along the axis from O towards X, P will be 
drawn after it from R towards C along the tractory. This 
curve, being an asymptote to its axis, is capable of being 
indefinitely prolonged towards X; but in designing pivots 
it should stop before the angle PTY becomes less than the 
angle of repose of the rubbing surfaces, otherwise the pivot 
will be liable to stick in its bearing. 

The moment of friction of ‘‘Schiele’s anti-friction pivot,” 
as it is called, is equal to that of a cylindrical journal of 


(62), 


Fig. 31. 
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the radius OR = PT the constant tangent, under the same 
pressure. d 
111. Friction of Teeth—Let N be the normal pressure 
exerted between a pair of teeth of a pair of wheels; s the 
total distance through which they slide upon each other; 
n the number of pairs of teeth which pass the plane of axis 
in a unit of time; then ° 
MSS +s 6 ei Ree artey Guia 65) 


is the work lost in unity of time by the friction of the 
teeth. The sliding s is composed of two parts, which take 
‘ place during the approach and recess respectively. Let 
those be denoted by s; and s., so that s=s, + s,. In sect. 
55 the velocity of sliding at any instant has been given, viz., 
u=c(v, +a), where wu is that velocity, ¢ the distance TI 
at any instant from the point of contact of the teeth to the 
pitch-point, and «,, #, the respective angular velocities of 
the wheels. 

Let v be the common velocity of the two pitch-circles, 
1, 72 their radii; then the above equation becomes 


To apply this to involute teeth, let c, be the length of 
the approach, c. that of the recess, wu, the mean velocity of 
sliding during the approach, uw, that during the recess; 


then 
cyv( 1 1 ) } “29( ty *) . 
2 (2 2 a a re +. a 


also, let @ be the obliquity of the action; then the times 
occupied by the approach and recess are respectively 


ie hare 


oan. 
008 0’ 
giving, finally, for the length of sliding between each pair 


of teeth, 
Ch t03 ( a +) 
2cosé@ \r, =p 
which, substituted in equation 63, gives the work lost in a 
unit of time by the friction of involute teeth. This result, 
which is exact for involute teeth, is approximately true 
for teeth of any figure. 
For inside gearing, if r, be the less radius and r, the 


8=8,+8,= (64), 
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a : 1 1 
greater, ata is to be substituted for — + —. 
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112. Friction of Cords and Belts.—A flexible band, such as 
a cord, rope, belt, or strap, may be used either to exert an 
effort or a resistance upon a pulley round which it wraps. 
In either case the tangential force, whether effort or re- 
sistance, exerted between the band and the pulley is their 
mutual friction, caused by and proportional to the normal 
pressure between them. 

Let T, be the tension of the free part of the band at that 
side towards which it tends to draw the pulley, or from 
which the pulley tends to draw it; T, the tension of the 
free part at the other side; T the tension of the band at 
any intermediate point of its arc of contact with the 
pulley; 4 the ratio of the length of that are to the radius 
of the pulley; dé the ratio of an indefinitely small element 
of that are to the radius; F=T,—T, the total friction 
between the band and the pulley; dF the elementary por- 
tion of that friction due to the elementary are dé; f the 
coefficient of friction between the materials of the band and 

ulley. 

= Then according to a well-known principle in Statics, the 
normal pressure at the elementary arc dé is Tde, T being 
the mean tension of the band at that elementary arc; con- 
sequently the friction on that arc is dF =fTde. Now that 
friction is also the difference between the tensions of the 
band at the two ends of the elementary arc, or dT = dF 
=fTdé; which equation, being integrated throughout the 
entire are of contact, gives the following formule :— 


(65). 
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When a belt connecting a pair of pulleys has the ten- 
sions of its two sides originally equal, the pulleys being at 
rest, and when the pulleys are next set in motion, so that 
one of them drives the other by means of the belt, it is 
found that the advancing side of the belt is exactly as 
much tightened as the returning side is slackened, so that 
the mean tension remains unchanged. Its value is given 
by this formula— 
ri T, at TT, se ef a +1 
2 CC aS 


. (66), 
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which is useful in determining the original tension re- 
quired to enable a belt to transmit a given force between 
two pulleys. 

The equations 65 and 66 are applicable to a kind of brake 
called a friction-strap, used to stop or moderate the velocity 
of machines by being tightened round a pulley. The strap 
is usually of iron, and the pulley of hard wood. 

Let a denote the are of contact expressed in turns and 
fractions of a turn; then 

6 = 6°2832a 


e/® — number whose common logarithm is 2°7288fa } (67), 


113. Stiffness of Ropes.—Ropes offer a resistance to being 
bent, and, when bent, to being straightened again, which 
arises from the mutual friction of their fibres. It increases 
with the sectional area of the rope, and is inversely pro- 
portional to the radius of the curve into which it is bent, 

The work lost in pulling a given length of rope over a 
pulley is found by multiplying the length of the rope in 
feet by its stiffness in pounds, that stiffness being the ex- 
cess of the tension at the leading side of the rope above 
that at the following side, which is necessary to bend it 
into a curve fitting the pulley, and then to straighten it 
again. 

The following empirical formule for the stiffness of 
hempen ropes have been deduced by Morin from the ex- 
periments of Coulomb :— 

Let F be the stiffness in pounds avoirdupois; d the diam- 
eter of the rope in inches, n = 48d? for white ropes and 
35d? for tarred ropes; 7 the effective radius of the pulley in 
inches; T the tension in pounds. Then 


3 


For white ropes, F = ~ (0°0012-+ 0°001026n + 0:0012T) | 


(68). 
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For tarred ropes, F =—(0°006 + 0°001392n + 0°00168T) | 


ps 

114. Friction-Couplings.—Friction is useful as a means of 
communicating motion where sudden changes either of 
force or velocity take place, because, being limited in 
amount, it may be so adjusted as to limit the forces which 
strain the pieces of the mechanism within the bounds of 
safety. Amongst contrivances for effecting this object are 
friction-cones. A rotating shaft carries upon a cylindrical 
portion of its figure a wheel or pulley turning loosely on 
it, and consequently capable of remaining at rest when the 
shaft is in motion. This pulley has fixed to one side, and 
concentric with it, a short frustum of a hollow cone. At 
asmall distance from the pulley the shaft carries a short 
frustum of a solid cone accurately turned to fit the hollow 
cone. This frustum is made always to turn along with the 
shaft by being fitted on a square portion of it, or by means 
of a rib and groove, or otherwise, but is capable of a slight 
longitudinal motion, so as to be pressed into, or withdrawn 
from, the hollow cone by means of a lever. When the cones 
are pressed together or engaged, their friction causes the 
pulley to rotate along with the shaft; when they are dis- 
engaged, the pulley is free to stand still. The angle made 
by the sides of the cones with the axis should not be less 
than the angle of repose. In the friction-clutch, a pulley 
loose on a shaft has a hoop or gland made to embrace it 
more or less tightly by means of a screw; this hoop has 
short projecting arms or ears. <A fork or clutch rotates along 
with the shaft, and is capable of being moved longitudi- 
nally by a handle. When the clutch is moved towards the 
hoop, its arms catch those of the hoop, and cause the hoop 
to rotate and to communicate its rotation to the pulley by 
friction. There are many other contrivances of the same 
class, but the two just mentioned may serve for examples. 

115. Heat of Friction—Unguents—The work lost in frie- 
tion is employed in producing heat. This fact is very ob- 
vious, and has been known from a remote period; but the 
exact determination of the proportion of the work lost to 
the heat produced, and the experimental proof that that 
proportion is the same under all circumstances, and with 
all materials, solid, liquid, and gaseous, are comparatively 
recent achievements of Joule. The quantity of work which 
produces a British unit of heat (or so much heat as elevates 
the temperature of one pound of pure water, at or near 
ordinary atmospheric temperatures, by one degree of Fah- 
renheit) is 772 foot-pounds. This constant, now designated 
as ‘ Joule’s equivalent,” is the principal experimental da- 
tum of the science of thermodynamics. 

The heat produced by friction, when moderate in amount, 
is useful in softening and liquefying thick unguents; but 
when excessive it is prejudicial, by decomposing the uu- 
guents, and sometimes even by softening the metal of the 
bearings, and raising their temperature so high as to set 
fire to neighboring combustible matters. 

Excessive heating is prevented by a constant and copious 
supply of a good unguent. The elevation of temperature 
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produced by the friction of a journal is sometimes used as 
an experimental test of the quality of unguents. When 
the velocity of rubbing is about 4 or 5 feet per second, the 
elevation of temperature has been found by some recent 
experiments to be, with good fatty and soapy unguents, 40° 
to 50° Fahr.; with good mineral unguents, about 30°. 

116. Rolling Resistance—By the rolling of two surfaces 
over each other without sliding a resistance is caused which 
is called sometimes ‘rolling friction,” but more correctly 
rolling resistance. It is of the nature of a couple, resisting 
rotation. Its moment is found by multiplying the normal 
pressure between the rolling surfaces by an arm, whose 
length depends on the nature of the rolling surfaces, and 
the work lost in a unit of time in overcoming it is the prod- 
uct of its moment by the angular velocity of the rolling 
surfaces relatively to each other. The following are ap- 
proximate values of the arm in decimals of a foot :— 

0006 (Coulomb), 
« 0°004 * 
0°002 (Tredgold). 


Oak UpOM OBK.....e ese secsecsceeessenreencesoes 
Lignum vite on oak.. . 
Cast iron on cast 1r0N,.-.... 


117. Reciprocating Forces—Stored and Restored Energy.— 
When a force acts on a machine alternately as an effort and 
as a resistance, it may be called a reciprocating force. Of 
this kind is the weight of any piece in the mechanism 
whose centre of gravity alternately rises and falls; for 
during the rise of the centre of gravity that weight acts 
as a resistance, and energy is employed in lifting it to an 
amount expressed by the product of the weight into the 
vertical height of its rise; and during the fall of the centre 
of gravity the weight acts as an effort, and exerts in assist- 
ing to perform the work of the machine an amount of 
energy exactly equal to that which had previously been 
employed in lifting it. Thus that amount of energy is not 
lost, but has its operation deferred; and it is said to be 
stored when the weight is lifted, and restored when it falls. 

In a machine of which each piece is to move with a uni- 
form velocity, if the effort and the resistance be constant, 
the weight of each piece must be balanced on its axis, so 
that it may produce lateral pressure only, and not act as a 
reciprocating force. But if the effort and the resistance be 
alternately in excess, the uniformity of speed may still be 
preserved by so adjusting some moving weight in the 
mechanism that when the effort is in excess it may be lifted, 
and so balance and employ the excess of effort, and that 
when the resistance is in excess it may fall, and so balance 
and overcome the excess of resistance,—thus storing the 
periodical excess of energy and restoring that energy to 
perform the periodical excess of work. 

Other forces besides gravity may be used as reciprocating 
forces for storing and restoring energy,—for example, the 
elasticity of a spring or of a mass of air. : 

In most of the delusive machines commonly called “ per- 
petual motions,” of which so many are patented in each 
year, and which are expected by their inventors to perform 
work without receiving energy, the fundamental fallacy 
consists in an expectation that some reciprocating force 
shall restore more energy than it has been the means of 
storing. 

Division 2. Deflecting Forces. 


118. Deflecting Force for Translation in a Curved Path.— 
In machinery, deflecting force is supplied by the tenacity 
of some piece, such as a crank, which guides the deflected 
body in its curved path, and is unbalanced, being employed 
in producing deflection, and not in balancing another force. 

119. Centrifugal Force.—See p. 689, ? 35, and p. 709, 3 119. 

120. Rectangular Resolution of Centrifugal Force.—See pp. 
708, 709, 7 117 and 119. 

121. Centrifugal Force of a Rotating Body—The centrifugal 
force exerted by a rotating body on its axis of rotation is the 
same in magnitude as if the mass of the body were concentrated 
at its centre of gravity, and acts in a plane passing through the 
axis of rotation and the centre of gravity of the body. 

The particles of a rotating body exert centrifugal forces 
on each other, which strain the body, and tend to tear it 
asunder; but these forces balance each other, and do not 
affect the resultant centrifugal force exerted on the axis of 
rotation.} 

If the axis of rotation traverses the centre of gravity of the 
body, the centrifugal force exerted on that axis is nothing. 

Hence, unless there be some reason to the contrary, each 
piece of a machine should be balanced on its axis of rota- 
tion; otherwise the centrifugal force will cause strains, 
vibration, and increased friction, and a tendency of the 
shafts to jump out of their bearings. 

122. Centrifugal Couples of a Rotating Body.—Besides the 
tendency (if any) of the combined centrifugal forces of the 

1 This is a particular case of a more general principle, that the 


motion of the centre of gravity of a body is not affected by the mutual 
actions of its parts, for the proof of which see p. 726, 2179, 
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particles of a rotating body to shift the axis of rotation, 
they may also tend to turn it out of its original direction. 
The latter tendency is called a centrifugal cowple, and van- 
ishes for rotation about a principal axis (see p. 740, ? 237). 

It is essential to the steady motion of every rapidly ro- 
tating piece in a machine that its axis of rotation should 
not merely traverse its centre of gravity, but should be a 
permanent axis; for otherwise the centrifugal couples will 
increase friction, produce oscillation of the shaft, and tend 
to make it leave its bearings. 

The principles of this and the preceding section are those 
which regulate the adjustment of the weight and position 
of the cownterpoises which are placed between the spokes 
of the driving-wheels of locomotive engines. 

123. Revolving Pendulum—Governors.—In fig. 32 AO re- 
presents an upright axis or spindle; B a weight called a 
bob, suspended by rod OB from 
a horizontal axis at O, carried 
by the vertical axis. When 
the spindle is at rest the bob 
hangs close to it; when the 
spindle rotates, the bob, be- 
ing made to revolve round it, 
diverges until the resultant 
of the centrifugal force and 
the weight of the bob is a 
force acting at O in the direc- 
tion OB, and then it revolves: 
steadily in a cirele. This 
combination is called a re- 
volving, centrifugal, or conical 
pendulum. Revolving pendu- 
lums are usually constructed 
with pairs of rods and bobs, 
as OB, Ob, hung at opposite 
sides of the spindle, that the 
centrifugal forces exerted at the point O may balance each 
other. 

In finding the position in which the bob will revolve 
with a given angular velocity «, for most practical cases 
connected with machinery the mass of the rod may be con- 
sidered as insensible compared with that of the bob. Let 
the bob be a sphere, and from the centre of that sphere 
draw BH =y perpendicular to OA. Let OH=z; let W be 
the weight of the bob, F its centrifugal force. Then the 
condition of its steady revolution is W:F::2:y; that is to 


Fig. 32. 


y ES ies 
say, Wo . ; consequently 
g 
B= | ood Lollilen fenemmnee (GU) » 


Or, if n= be = a es be the number of turns or fractions of 


a turn in a second, 


g 0°8165 foot _ 9°79771 inches 
An 2n2 n? ze n? 
zis called the altitude of the pendulum. 

If the rod of a revolving pendulum be jointed, as in fig. 
33, not to a point in the vertical axis, but to the end of a 
projecting arm C, the position in 
which the bob will revolve will be 
the same as if the rod were jointed 
to the point O, where its prolonga- 
tion cuts the vertical axis. 

A revolving pendulum is an essen- 
tial part of most of the contrivances 
called governors, for regulating the 
speed of prime movers. 

The earlier kinds of governors act 
on the prime mover by the varia- 
tions of their altitude. Thus in 
Watt’s steam-engine governor the rods, through a combina- 
tion of levers and linkwork GC, ¢, D, d (fig. 32), act on a 
lever EF, which acts upon the throttle-valve for the ad- 
mission of steam so as to enlarge or contract its opening 
when the speed becomes too small or too great, 

In a more recent kind of governors invented by the 
Messrs. Siemens, which may be called differential governors, 
the regulation of the prime mover is effected by means of 
the difference between the velocity of a wheel driven by it 
and that of a wheel regulated by a revolving pendulum. 
Fig. 34 illustrates this class of governors. A is a vertical 
dead-centre or fixed shaft, about which the after-mentioned 
pieces turn; C is a pulley driven by the prime mover, and 
fixed to a bevel-wheel, which is seen below it; E is a bevel- 
wheel similar to the first, and having the same apex. To 
this wheel are hung the bobs B, of which there are usually 
four, although two only are shown. Those bobs form sec- 
tors of a ring, and are surrounded by a cylindrical casing 


2 
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Fig. 33. 
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F. When the bobs revolve with their proper velocity, they 
are adjusted so as nearly to touch this casing; should they 
exceed that velocity, they fly outwards and touch the cas- 
ing, and are retarded by the friction. For practical pur- 
poses their velocity of rotation about the vertical axis may 


be considered constant. G, G are horizontal arms project- 
ing from a socket which is capable of rotation about A, and 
earrying vertical bevel-wheels which rest on E and support 
C, and transmit motion from C to E. There are usually 
four of the arms G, G with their wheels, though two only 
are shown. H is one of those arms which projects, and has 
a rod attached to its extremity to act on the throttle-valve 
of a steam-engine, the sluice of a water-wheel, or the regu- 
lator of the prime mover, of whatever sort it may be. 

When C rotates with an angular velocity equal and con- 
trary to that of E with its revolving pendulums, the arms 
G, G remain at rest; but should C deviate from that velo- 
city, those arms rotate in one direction or the other, as the 
case may be, with an angular velocity equal to one half of 
the difference between the angular velocity of C and that of 
KE, and continue in motion until the regulator is adjusted so 
that the prime mover shall impart to C an angular velocity 
exactly equal to that of the revolving pendulums, 

There are various modifications of the differential gov- 
ernor, but they all act on the same principle. 


Division 3. Working of Machines of Varying Velocity. 


124, General Principles—In order that the velocity of 
every piece of a machine may be uniform, it is necessary 
that the forces acting on each piece should be always exactly 
balanced. Also, in order that the forces acting on each piece 
of amachine may be always exactly balanced, it is neces- 
sary that the velocity of that piece should be uniform. 

An excess of the effort exerted on any piece, above that 
which is necessary to balance the resistance, is accompanied 
with acceleration; a deficiency of the effort, with retard- 
ation. 

When a machine is being started from a state of rest, 
and brought by degrees up to its proper speed, the effort 
must be in excess; when it is being retarded for the pur- 
pose of stopping it, the resistance must be in excess. 

An excess of effort above resistance involves an excess of 
energy exerted above work performed; that excess of en- 
ergy is employed in producing acceleration. 

An excess ef resistance above effort involves an excess 
of work performed above energy expended ; that excess of 
work is performed by means of the retardation of the ma- 
chinery. 

When a machine undergoes alternate acceleration and 
retardation, so that at certain instants of time, occurring at 
the end of intervals called periods or cycles, it returns to its 
original speed, then in each of those periods or cycles the 
alternate excesses of energy and of work neutralize each 
other; and at the end of each cycle the principle of the 
equality of energy and work stated in sect. 96, with all its 

- consequences, is verified exactly as in the case of machines 
of uniform speed. 

At intermediate instants, however, other principles have 
also to be taken into account, which are deduced from the 
second law of motion, sect. 89, as applied by the aid of the 
principles of sect. 90, to direct deviation, or acceleration and 
retardation. ’ 

125. Energy of Acceleration and Work of Retardation for a 
Shifting Body.—Let w be the weight of a body which has a 
motion of translation in any path, and in the course of the 
interval of time At let its velocity be increased at a uniform 
rate of acceleration from v, to v2. The rate of acceleration 
will be . 

V2— 1, 

IN 


dv 
rahe! constant = 


MECHANICS. 


779 


and (p. 706, 7 104) to produce this acceleration a uniform 
effort will be required, expressed by 


_W. (% —4) 


gat Pia), 


Crean? © 


(The product ma the mass of a body by its velocity is 


called its momentum ; so that the effort required is found by 
dividing the increase of momentum by the time in which 
it is produced.) 

To find the energy which has to be exerted to produce 
the acceleration from 1, to v2, it is to be observed that the 
distance through which the effort P acts during the acceler- 
ation is 
As = hash 2s At; 


consequently, the energy of acceleration is 
Pas WV — V1 )(Vp + V4) _ wv — v7) 
29 29 
being proportional to the increase in the square of the ve- 
locity, and independent of the time. 

In order to produce a retardation from the greater velocity 
v, to the less velocity v1, it is necessary to apply to the 
body a resistance, connected with the retardation and the 
time by an equation identical in every respect with equa- 
tion 71, except by the substitution of a resistance for an 
effort; and in overcoming that resistance the body per- 
forms work to an amount determined by equation 72, put- 
ting Rds for Pds. 

126. Dnergy Stored and Restored by Deviations of Velocity.— 
Thus a body alternately accelerated and retarded, so as to 
be brought back to its original speed, performs work during 
its retardation exactly equal in amount to the energy ex- 
erted upon it during its acceleration; so that that energy 
may be considered as stored during the acceleration, and 
restored during the retardation, in a manner analogous to 
the operation of a reciprocating force (sect. 117). 

Let there be given the mean velocity V=3(v.+,) ofa 
body whose weight is w, and let it be required to determine 
the fluctuation of velocity v,—v,, and the extreme veloci- 
ties v4, V2, Which that body must have, in order alternately 
to store and restore an amount of energy E. By equation 
72 we have 


(72); 


w(vs — v2) 

which, being divided by V = 4(v2 + v;), gives 
E _ w(vz — 4) 
Sen) (aes , : 


gh 
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E= 


and consequently 


Yq— anilics 
The ratio of this fluctuation to the mean velocity, some- 
times called the unsteadiness of the motion of the body, is 


V2 —v 0) 
at iin pe Vig tl dh title i776) 
127. Actual Energy of a Shifting Body.—The energy which 
must be exerted on a body of the weight w, to accelerate it 
from a state of rest up to a given velocity of translation », 
and the equal amount of work which that body is capable of 
performing by overcoming resistance while being retarded 
from the same velocity of translation » to a state of rest, is 


wo? 


This is called the actual energy of the motion of the 
body, and is half the quantity which in some treatises is 
called vis viva. 

The energy stored or restored, as the case may be, by the 
deviations of velocity of a body ora system of bodies, is 
the amount by which the actual energy is increased or 
diminished. 

128. Principle of the Conservation of Energy in Machines.— 
The following principle, expressing the general law of the 
action of machines with a velocity uniform or varying, 
includes the law of the equality of energy and work stated 
in sect. 99 for machines of uniform speed. 

In any given interval during the working of a machine, the 
energy exerted added to the energy restored is equal to the en- 
ergy stored added to the work performed. 

129. Actual Energy of Circular Translation—Moment of In- 
ertia,—Let a body of the weight w undergo translation in a 
circular path of the radius p, with the angular velocity of 
deflection «, so that the common linear velocity of all its 
particles is v=ep. Then the actual energy of that body is 


252 
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By comparing this with the expression for the centrif- 
ugal force (wa?/pg), it appears that the actual energy of a 
revolving body is equal to the potential energy Fp/2 due to 
the action of the deflecting force along one-half of the 
radius of curvature of the path of the body. 

The product wp2/g, by which the half-square of the an- 
gular velocity is multiplied, is called the moment of inertia 
of the revolving body. 

130. Actual Energy and Moment of Inertia of Rotation— 
Radius of Gyration.—See p. 740, 22 234-237. 

131. Examples of Radii of Gyration.—See p. 741, 2 238. 

132. Fly-wheels.—A fly-wheel is a rotating piece in a 
machine, generally shaped like a wheel (that is to say, 
consisting of a rim with spokes), and suited to store and 
restore energy by the periodical variations in its angular 
velocity. 

The principles according to which variations of angular 
velocity store and restore energy are the same with those 
of sect. 126, only substituting moment of imertia for mass, 
and angular for linear velocity. 

Let W be the weight of a fly-wheel, R its radius of gyra- 
tion, «, its maximum, e, its minimum, and A =4}(a, + «,) 
its mean angular velocity. Let 
1 a — Oy 


Smeg aN 

denote the unsteadiness of the motion of the fly-wheel ; the 
denominator § of this fraction is called the steadiness. Let 
e denote the quantity by which the energy exerted in each 
eycle of the working of the machine alternately exceeds 
and falls short of the work performed, and which has con- 
sequently to be alternately stored by acceleration and re- 
stored by retardation of the fly-wheel. The value of this 
periodical excess is— 

w B2W (65 = 2) e 
aa 2q vm (77); 


from which, dividing both sides by A?, we obtain the fol- 
lowing equations :— 


é 


6, 4 BAW. 
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The latter of these equations may be thus expressed in 
words :— 

The actwal energy due to the rotation of the fly, with its mean 
angular velocity, is equal to one-half of the periodical excess of 
energy multiplied by the steadiness. 

In ordinary machinery S=about 32; in machinery for 
fine purposes S = from 50 to 60. 

The periodical excess e may arise either from variations 
in the effort exerted by the prime mover, or from varia- 
tions in the resistance of the work, or from both these 
causes combined. When but one fly-wheel is used, it should 
be placed in as direct connection as possible with that part 
of the mechanism where the greatest amount of the peri- 
odical excess originates; but when it originates at two or 
more points, it is best to have a fly-wheel in connection 
with each of those points. For example, in a machine- 
work, the steam-engine, which is the prime mover of the 
various tools, has a fly-wheel on the crank-shaft to store 
and restore the periodical excess of energy arising from the 
variations in the effort exerted by the connecting-rod upon 
the crank; and each of the slotting machines, punching 
machines, riveting machines, and other tools has a fly- 
wheel of its own to store and restore energy, so as to enable 
the very different resistances opposed to those tools at 
different times to be overcome without too great unsteadi- 
ness of motion. 

According to the computation of General Morin, the 
periodical excess e in steam-engines with single cranks is 
from 7th to nearly 4th of the energy exerted during one 
revolution of the crank. Fora pair of steam-engines drivy- 
ing one shaft, with a pair of cranks at right angles to each 
other, the value of ¢ is one-fourth of its value for a single 
cranked engine of the same kind, and of the same power 
with the two combined. 

The ordinary radius of gyration of a steam-engine fly- 
wheel is from three to five times the length of the crank- 
arm. (lor further particulars on this subject, see Srmam- 
ENGINE.) 

For tools performing useful work at intervals, and having 
ouly their own friction to overcome during the intermedi- 
ate intervals, e should be assumed equal to the whole work 
performed at each separate operation. 

133. Brakes.—A brake is an apparatus for stopping and 
diminishing the velocity of a machine by friction, such as 
the friction-strap already referred to in sect. 112. To find 
the distance s through which a brake, exerting the friction 
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F, must rub in order to stop a machine having the total ac- 
tual energy E at the moment when the brake begins to act, 
reduce, by the principles of sect. 195, the various efforts and 
other resistances of the machine which act at thesame time 
with the friction of the brake to the rubbing surface of the 
brake, and let R be their resultant,—positive if resistance, 


negative if effort preponderates. Then 
E a 
ites FiR ef Ved Selatan a) aemrOnal (79). 


134. Energy distributed between two Bodies—Projection and 
Propulsion.—Hitherto the effort by which a machine is 
moved has been treated as a force exerted between a moy- 
able body and a fixed body, so that the whole energy ex- 
erted by it is employed upon the movable body, and none 
upon the fixed body. This conception is sensibly realized 
in practice when one of the two bodies between which the 
effort acts is either so heavy as compared with the other, 
or has so great a resistance opposed to its motion, that it 
may, without sensible error, be treated as fixed. But there 
are cases in which the motions of both bodies are appreci- 
able, and must be taken into account,—such as the projec- 
tion of projectiles, where the velocity of the recoil or back- 
ward motion of the gun bears an appreciable proportion to 
the forward motion of the projectile; and such as the pro- 
pulsion of vessels, where the velocity of the water thrown 
backward by the paddle, screw, or other propeller bears a 
very considerable proportion to the velocity of the water 
moved forwards and sideways by the ship. In cases of this 
kind the energy exerted by the effort is distributed between 
the two bodies between which the effort is exerted in shares 
proportional to the velocities of the two bodies during the 
action of the effort; and those velocities are to each other 
directly as the portions of the effort unbalanced by re- 
sistance on the respective bodies, and inversely as the 
weights of the bodies. 

To express this symbolically, let W,, Wo, be the weights 
of the bodies; P the effort exerted between them; S the 
distance through which it acts; R,, R., the resistances op- 
posed to the effort overcome by W,, Wo, respectively; E,, 
E, the shares of the whole energy EK exerted upon W,, W2 
respectively. Then 

E > Ey Sees 
_ Wa(P— By) + Wa(P— B82) P— Bp - (80). 
sae W.W, 7 Hy ee 


If R, = R,, which is the case when the resistance, as well 
as the effort, arises from the mutual actions of the two 
bodies, the above becomes, ‘ 


Es) By esas } : 

1: W,+.Wet Woe Wales mente? 

that is to say, the energy is exerted on the bodies in shares 
inversely proportional to their weights; and they receive 
accelerations inversely proportional to their weights, ac- 
cording to the principle of dynamics, already quoted in a 
note to sect. 121, that the mutual actions of asystem of bodies 
do not affect the motion of their common centre of gravity, 

For example, if the weight of a gun be 160 times that of 
its ball, +2 of the energy exerted by the powder in explo- 
ding will be employed in propelling the ball, and 34; in 
producing the recoil of the gun, provided the gun up to the 
instant of the ball’s quitting the muzzle meets with no re- 
sistance to its recoil except the friction of the ball. 

135. Centre of Percussion.—It is obviously desirable that 
the deviations or changes of motion of oscillating pieces 
in machinery should, as far as possible, be effected by 
forces applied at their centres of percussion. © 

If the deviation be a translation,—that is, an equal change 
of motion of all the particles of the body,—the centre of 
percussion is obviously the centre of gravity itself; and, ac- 
cording to the second law of motion, if dv be the deviation 
of velocity to be produced in the interval dt, and W the 
weight of the body, then 

=o a. 
is the unbalanced effort required. 

If the deviation be a rotation about an axis traversing the 
centre of gravity, there is no centre of percussion ; for such 
a deviation can only be produced by a couple of forces, and 
not by any single force. Let de be the deviation of an- 
gular velocity to be produced in the interval dt, and I the 
moment of the inertia of the body; then 4Id(a?) = Tada is 
the variation of the body’s actual energy. Let Mbe the mo- 
ment of the unbalanced couple required to produce the de- 
viation; then, by equation 57, sect. 104, the energy exerted 
by this couple in the interval dé is Madt, which, being 
equated to the variation of energy, gives 

da R?W da 
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(83). 
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Now (fig. 35), let the required deviation be a rotation of 
the body BB about an axis O, not traversing the centre of 
gravity G, de being, as before, the deviation of angular ve- 
locity to be produced in the interval dt. A rotation with 
the angular velocity « about an axis O may be considered 
as compounded of a rotation with the same angular velo- 
city about an axis drawn through G parallel to O and a 
translation with the velocity «. OG, OG being the perpen- 
dicular distance between the two 
axes. Hence the required deviation 
may be regarded as compounded of a 


’ deviation of translation dv =OG. da, 


to produce which there would be re- 
quired, according to equation 82, a 
force applied at G perpendicular to 
the plane OG— 


W da 
Peak OSs a7 wha (84), 


and a deviation de of rotation about 
an axis drawn through G parallel to 
O, to produce which there would be 
required a couple of the moment M 
given by equation 83. According to 
the principles of statics, the result- 
ant of the force P, applied at G per- 
pendicular to the plane OG, and the couple M is a force 
equal and parallel to P, but applied at a distance GC from 
G, in the prolongation of the perpendicular OG, whose value 
is 
1 iy dS 

GC het: eT 
Thus is determined the position of the centre of percussion 
C, corresponding to the axis of rotation O. It is obvious 
from this equation that, for an axis of rotation parallel to 
O traversing C, the centre of percussion is at the point 
where the perpendicular OG meets O. 

136. Impact.—Impact or collision is a pressure of short 
duration exerted between two bodies. For the detailed 
investigation of its laws the reader is referred to MECHAN- 
Ics, p. 727, 2 180 sq. 

The effects of impact are sometimes an alteration of the 
distribution of actual energy between the two bodies, and 
always a loss of a portion of that energy, depending on the 
imperfection of the elasticity of the bodies, in permanently 
altering their figures, and producing heat. The determina- 
tion of the distribution of the actual energy after collision 
and of the loss of energy is effected by means of the fol- 
lowing principles :— 

I. The motion of the common centre of gravity of the 
two bodies is unchanged by the collision. 

TI. The loss of energy consists of a certain proportion of 
that part of the actual energy of the bodies which is due 
to their motion relatively to their common centre of gravity. 

Unless there is some special reason for using impact in 
machines, it ought to be avoided, on account not only of 
the waste of energy which it causes, but from the damage 
which it occasions to the frame and mechanism. 


Fig. 35. 


(85). 


CHAPTER III. Purposes AND Errecrs oF MACHINES. 


137. Observing Machines and Working Machines.—The pres- 
ent chapter must necessarily be limited to some very gen- 
eral observations on the principal classes into which ma- 
chines may be divided, with reference to their purposes 
and effects, leaving details of particular examples for treat- 
ment under the respective special headings. 

Machines may be divided, in the first instance, into 
two great divisions, viz :— 

I. Observing Machines, in which either the modification 
of motion alone, or the balancing of forces alone, is the 
object in view,—the performance of work being either null 
or incidental, and being limited to that which arises from 
the resistance of the machine. 

Il. Working Machines, in which the performance of work 
is the main object. 

138. Classification of Observing Machines.—Observing ma- 
chines might very properly have been classed as istru- 
ments, being designed to aid the human senses and memory 
in obtaining and recording information. They may be 
divided, in the first instance, into four classes, according 
as the subject of observation by their aid is number, meas- 
ure, or weight, into— 

A. Counting machines, 

B. Measuring machines. 

C. Copying and drawing machines. 
D. Weighing machines. 


And to these may be added a fifth class, in which the func- 
tions of the first four are more or less combined, viz :— 


E. Recording machines, 
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139. (A.) Counting Machines.—The most important as 
well as the most common of counting machines are time- 
keepers, which count and indicate the numbers of oscilla- 
tions of bodies which oscillate isochronously (viz., pendu- 
lums for clocks, balance-wheels for watches and marine 
chronometers) so as to measure time. In constructing such 
machines, the objects to be aimed at are the exact isochron- 
ism of the pendulum or balance, and the equable action of 
the motive power, so that it shall overcome the friction of 
the mechanism without affecting the rate. 

Other counting machines count the oscillations of the 
beam of a steam-engine, or the revolutions of the cylinder 
of a gas-meter or of the wheel of a water-meter. 

Others perform additions, subtractions, and multiplica- 
tions, and of these the most elaborate kind (as, e. g., that 
of Babbage) compute tables of functions by the addition of 
differences. 

140. (B.) Measuring Machines—Measuring machines are 
pieces of mechanism, by means of which the motion of 
some body of the nature of an index through some geomet- 
rical magnitude, such as a distance or an angle, is con- 
nected with some other motion, either equal or greater or 
smaller in some given ratio, and capable of being more 
readily compared with some standard of measure. 

To this class belong all those astronomical and surveying 
instruments in which the motion of a line of sight (gen- 
erally the line of collimation of a telescope) through a 
given angle is connected with the motion of an index or 
vernier round a corresponding arc of a graduated circle; 
also those micrometers in which the advance of the end of 
a screw of fine pitch is measured by observing the simul- 
taneous are of rotation of a graduated circle attached to it. 

Such micrometers have attained increased importance by 
the discovery of Whitworth,—that the mechanical magni- 
fying of small distances by a train of screws affords amore 
accurate means of measurement than optical magnifying 
by the microscope,—and by the perfection to which that 
engineer has brought that art of accurate workmanship 
which is necessary in order to render mechanical magnify- 
ing possible. 

Amongst measuring machines are included the platome- 
ters or planimeters of Sang, Morin, and Clerk Maxwell, which 
measure areas by means of mechanism, The amount of 
resistance in a measuring machine should be perfectly uni- 
form, and sufficiently great to prevent accidental forces 
from disturbing the machine, without being so great as to 
render if inconveniently stiff. To combine these objects 
requires great accuracy of workmanship, together with 
strength and rigidity in the structure of the frame and 
mechanism. 

141. (C.) Copying and Drawing Machines.—In copying ma- 
chines for enlarging or reducing drawings there is usually 
a combination of levers and linkwork connecting a tra- 
cing-point, which is moved over the lines of the original 
figure, with a drawing-point, which draws the copy in such 
a manner that the velocity ratio of their motions isa given 
constant quantity, and that the directions of their motions 
make a constant angle. 

Mechanism depending for its principle on the theory of 
the composition of rotations is used to draw ellipses, epicy- 
cloids, epitrochoids, and other curves. 

142. (D.) Weighing Machines.—In weighing machines the 
motion of the mechanism is used only for the purpose that 
its cessation, or its becoming an oscillation about a certain 
position, may indicate the equilibrium of the forces applied 
tothe machine. Those forces may either be weights, which 
are to be compared with each other, or forces of other kinds, 
to be compared directly or indirectly with weights, 

The machine for comparing weights which is capable of 
the most minute accuracy is also the simplest, being the 
balance, in which the equality of two weights is ascertained 
by their balancing each other at the end of a lever of equal 
arms. In the steelyard, consisting either of one lever or of 
a train of levers, the unknown weight has an unchangeable 
point of application, and is compared with a known weight 
by shifting the latter along the lever to which it is applied 
until the machine is balanced; the ratio of the weights is 
then the reciprocal of the velocity ratio of their points of 
application. The steelyard is more convenient for weigh- 
ing very heavy loads than the balance, but is not capable of 
such minute accuracy. 

It is essential to accuracy in balances and steelyards that 
the friction should be less than the smallest admissible 
amount of error. To diminish the friction as much as pos- 
sible, the axes of motion are all knife-edges, as they are 
termed, of steel or hardened iron, resting on hard surfaces 
of hardened iron or steel for ordinary purposes, and of some 
hard mineral, such as agate, for scientific purposes, 

The weight of a column of fluid is determined by balan- 
cing it against a column of fluid whose weight is known; as 
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in the barometer, where the weight of a column of the at- 
mosphere is balanced against that of a column of mercury. 

Weights are compared with each other indirectly, and 
other forces compared with weights, by means of their 
effects in bending a spring,—a convenient method, but not 
susceptible of minute accuracy. 

The elastic pressure exerted by a fluid may be compared 
with weight, either by balancing the pressure against the 
weight of a column of a liquid, or by maintaining a piston 
in equilibrium against that pressure, by means of a weight 
pressing it directly, or of a weight acting through a steel- 
yard, or of the elasticity of a spring which has been com- 
pared with weights. 

143. (B.) Recording Machines.—Recording machines may be 
divided into two classes :—self-registering instruments, which, 
by the aid of clockwork, record measurements either of 
space or of force, together with the instants of time at 
which these measurements were made; and dynamometers, 
already mentioned in Chap. II. of this article, which re- 
gister measurements of force, together with the space 
through which it has acted, thus recording energy or work. 

144. Working Machines Classed.—The object or purpose of 
working machines is to perform useful work; and their 
classification relatively to their objects and purposes is 
founded on the kind of useful work which they perform. 
In this point of view they may be classed as follows :— 


A. Machines for lifting or lowering solid weights. 

B. Machines for the horizontal transport of weights, 
either combined or not with lifting or lowering. 

. Machines for projecting solids. 

. Machines for lifting fluids. 

. Machines for propelling or projecting fluids. 

. Machines for dividing bodies. 

. Machines for shaping bodies by removing portions 
of them. 

. Machines for shaping bodies by pressure. 

. Machines for uniting bodies into fabrics. 

. Machines for printing. 

. Machines for producing sound. 

. Miscellaneous machines. 
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It is not pretended that the above classification (taken 
to a considerable extent from the writings of Young and 
of Babbage) exhausts all kinds of machines; it is brought 
forward merely as an attempt to introduce method toa cer- 
tain extent intoa subject which would otherwise be exceed- 
ingly confused. 

145. (A.) Machines for Lifting and Lowering Solids.—The 
most common machines of this class are capstans, cranes, and 
windlasses. They are usually worked by manual labor, but 
sometimes by hydraulic engines, or by steam-engines. The 
useful resistance, when a load is lifted, being the weight of 
that load, is in general greater than the effort exerted by 
the prime moyer, so that the mechanism has to be adapted 
to giving the working-piece a less velocity than the piece 
to which the effort is applied. In lowering solid loads the 
weight of the load acts as the effort, and the energy exerted 
by it is expended in overcoming the friction of a brake in 
order that the speed of descent may not be excessive. 

146. (B.) Transporting Machines.—The mechanism of trans- 
porting machines consists of two parts :—that by which the 
resistance is diminished, as the wheels and axles of vehi- 
cles; and that by which, the resistance is overcome and 
the load propelled, comprising all kinds of locomotive and 
propelling machinery. In the present work transporting 
machines are treated of in the articles relating specially to 
the lines of conveyance to which they are applied. 

147. (C.) Machines for Projecting Solids.—This class com- 
prehends all kinds of artillery. 

148. (D.) Machines for Lifting Fluids—See HyDRoME- 
CHANICS. 

149. (E.) Machines for Propelling or Projecting Fluids.—See 
the same article. 

150. (F.) Machines for Dividing Bodies.—This class com- 
prehends all machines for separating solid masses into 
parts, whether by digging, cutting, sawing, grinding, 
tearing, crushing, pounding, pressing out fluids, or other- 
wise; and whether applied to earth, stones, metals, timber, 
fruit, grain, fibres, or other materials. 

151. (G.) Machines for Shaping Bodies by Removing Portions of 
them.—This class of machines to a certain extent resembles 
the preceding. It includes machines for cutting, grinding, 
and polishing blocks of stone into required figures, and for 
shaping pieces of wood, metal, or other material, whether 
by turning, to produce spherical, cylindrical, and other 
curved surfaces,—by boring, punching, slotting, or gouging, 
to produce cylindrical, rectangular, or other orifices and 
grooves,—by screw-cutting, by planing, by grinding and pol- 
ishing, to produce curved or plane surfaces. The most difii- 
cult and important of all these operations is to produce a 
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surface truly plane; and the perfecting of this operation 
by Whitworth is the most important step recently made in 
Constructive Mechanics, or the art of making machines and 
instruments. Next in point of difficulty may be placed 
the art of forming the concave reflecting surfaces of great 
specula for telescopes, such as those of the Herschels, of 
Lassell, and of Lord Rosse. 

152. (H.) Machines for Shaping Bodies by Pressure compre- 
hend, amongst others, rolling-mills for iron, steam-hammers, 
wiredrawing machines, pinmaking and nailmaking machines, 
coining and other stamping machinery, brickmaking machines, 
presses for packing and compressing, ete. : 

153. (I.) Machines for Uniting Bodies into Fabrics comprise 
spinning machinery, whether applied to ropes, yarn, or 
thread, weaving machinery of all kinds, papermaking ma- 
chinery, felting machinery, and sewiny machinery. 

154. (J.) Machines for Printing are used to apply either 
coloring matters or matters for discharging color to paper, 
cloth, and other materials. 

155. (K.) Machines for producing Sound—See Acoustics 
and Music. 

156. (L.) Miscellaneous Machines.—There are numerous 
machines which perform processes, especially in the prep- 
aration of textile fabrics for the market, which it would be 
almost impossible to class. Examples of such machines will 
be found by referring to the articles relating to the various 
branches of manufacture. 


CHAPTER ITY. APPLIED ENERGETICS, OR THEORY OF 
PRIME Movers. 


157. Prime Movers in general—Their Efficiency —Prime 
movers, or receivers of power, are those pieces or combi- 
nations of pieces of mechanism which receive motion and 
force directly from some natural source of energy. The 
point where the mechanism belonging to the prime mover 
ends and that belonging to the train for modifying the 
force and motion begins is somewhat arbitrary ; in general, 
however, the mechanism belonging to the prime mover may 
be held to include all pieces which regulate or assist in reg- 
ulating the transmission of energy from the source of energy. 
Thus, in the ordinary rotative steam-engine, the crank-shaft 
belongs to the prime mover, because it carries the eccentric 
which moves the valves and the fiy-wheel which stores and 
restores the periodical excess of energy of the engine, and 
drives the governor (when there is one) which regulates 
the admission of steam, 

The useful work of the prime moyer is the energy exerted 
by it upon that piece which it directly drives; and the ratio 
which this bears to the energy exerted by the source of en- 
ergy is the efficiency of the prime mover. 

It is often convenient to divide the prime mover into 
sections, and resolve its efliciency into factors, each factor 
being the efficiency of one of those sections. Thus the 
efficiency of a steam-engine may be resolved into the fol- 
lowing factors :— ‘ 

Efficiency of the furnace and boiler,—being the proportion 
of the total heat of combustion of the fuel which takes 
effect in heating and evaporating the water. 

Efficiency of the steam in driving the piston,—being the pro- 
portion of the energy exerted by the steam on the piston 
(called the indicated energy or power, as being measured 
by an indicator) to the mechanical equivalent of the heat 
received by the water. 

Efficiency of the mechanism from the piston to the crank-shaft 
inclusive,—being the proportion of the effective energy trans- 
mitted by the crank-shaft to the indicated energy. 

The product of those three factors is the efficiency of the 
engine as a whole. ; 

In all prime moyers the loss of energy may be distin- 
guished into two parts,—one being the unavoidable effect 
of the circumstances under which the machine necessarily 
works in the case under consideration; the other the effect 
of causes which are, or may be, capable of indefinite dim- 
inution by practical improvements. Those two parts may 
be distinguished as necessary loss and waste. } 

The efliciency which a prime mover would have under 
given circumstances if the waste of energy. were altogether 
prevented, and the loss reduced to necessary loss alone, is 
called the maximum or theoretical efficiency under the given 
circumstances. 

For some prime movers there is a combination of circum- 
stances which makes the theoretical efficiency greater than 
any other combination does. The theoretical efficiency un- 
der those circumstances is the absolute maximum efficiency. 

The duty of a prime mover is its useful work in some 
given unit of time, as a second, a minute, an hour, a day. 
In some cases, such as that of the work of animals, the 
duty can be ascertained, while the efficiency can only be 
inferred indirectly or conjecturally from the want of pre- 
cise data as to the whole energy expended. 
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158. Sources of Bnergy Classed.—The sources of energy 
used in practice may be classed as follows :— 


A. Strength of men and animals. 
B. Weight of liquids. 

C. Motion of fluids. 

D. Heat. 

E. Electricity and magnetism. 


159. (A.) Strength of Men and Animals.—The mechanical 
daily duty of a man or of a beast is the product of three 
quantities—the effort, the velocity, and the number of 
‘units of time per day during which work is continued. 
It is well known that for each individual man or animal 
there is a certain set of values of those three quantities 
which make their product, the daily duty, a maximum, 
and that any departure from those values diminishes the 
daily duty. Attempts have been made to represent by a 
formula the law of this diminution; but they have met 
with imperfect success. That which agrees on the whole 
best with the facts is the formula of Maschek, which is as 
follows :—let P, be the effort, V, the velocity, and T, the 
time of working per day, which give the maximum daily 
duty, and let P, V, T, be any other set of values of those 
quantities; then 


(86). 


One consequence of this formula is, that the best time of 
working per day for men, and for all animals, is one-third 
part of a day, or eight hours,—a conclusion in accordance 
with experience. 

The best effort P,, and the best velocity V,, are much 
less certain,—the difficulty of determining their true mean 
values for particular species being rendered very great by 
the differences, not only between individuals, but between 
races or varieties of the same species. The following table 
of values is proposed by Maschek as approximately true :— 


Oe ts) mae ee 
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g | Pr | ve te PLV,. | PyViT2- 
Animals. a 

oS bb Feet per| Hours | Foot-tb Foot-Ib. 

E second. | per day.| per sec, 
INIDTASies cabeuataesy ste) LOO Th 30 2° 8 75 2,160,000 
Horse (draught).| 600 tb | 120 40 8 480 | 18,824,000 
Ox... 300 tb | 120 2°5 8 300 | 8,640,000 

an +| 360 tb 722 2°5 8 180 5,184,000? 

Mule... .| 500 fb | 100? 35 8 350 | 10,080,000? 


Of the numbers in this table those for the draught horse 
are probably the most accurate. For the thoroughbred horse 
it is certain that the value of V, is much greater, and that of 
P, much less, than for the draught horse,—the effect being 
probably that the maximum daily duty P,V,T, is nearly the 
same; but experimental data are wanting to determine these 
quantities with precision. 

The following table, chiefly extracted from the works of 
Poneelet and Morin, with the addition of some results of 
experiments by Lieutenant David Rankine and by the au- 
thor of this article, shows the daily duty of men and horses 
under certain specified circumstances :— 


x 
Pe Meats 3600 PY. By. 
Db Feet | Hours | Foot-Ib |} Foot-Ib 
$ per sec.|per day.| per sec,| per day, 
1. Raising bi igh 
. sing his own weight ‘ ‘ 
up stair or ladder...... { 148 05 8 725 2,088,000 
2. Do, do, MOssccvccop) coecses . ove 10 iatete 2,616,000 
3. (Tread-wheel—see 1). 
4, Hauling up weight withrope 40 0°75 6 30 648,000 
5. Lifting weights by hund... 44 0°55 6 24-2 622,720 
cf Sanne weights up stairs 43 0°13 6 185 399,600 
. Shoveling up earth to a i x 
height of 6 feet 3 inches } 6 18 10 78 | 280,800 
8, Wheeling earth in barrow 
up slope of 1 in 12; 6 ; 
horiz. veloc. 0°9 feet per 184 0°075 10 99 356,400 
5 ae (returning empty). 
. Pushing or pulling hori- 2? | fj 
zontally (capstanor oar) § 26° 20 8 58 1,526,400 
f 125 5:0 2 62°5 
~ | 10, Turning a crank or winch 180 2°5 8 45 1,296,000 
5 20:0 ld4 2min, | 288 
11. Working pump............ 132 26 10 33 1,188,000 
72. Bamorering......0.....006 15 ? 8? 480,000 
Horse— ‘ 
13, (Thoroughbred)cantering ¢/min. 22°5 
and trotting, drawing a? |mean 30°5 146 4 447°5 6,444,000 
§ eh Fallway carriage.. ( |max, 50 
4, rse (draught) drawing 9 
cart or boat, walking. . 120 3.6 8 432 12,441,600 


160. Horizontal Transport—When men and animals 
carry burdens, or draw or propel loads in certain vehicles, 
it is difficult, and sometimes impossible, to determine the 
duty performed in foot-pounds of work, because of the un- 
certainty of the amount in pounds of the resistance over- 
ceme. In this case, for the purpose of comparing perform- 
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ances of the same kind with each other, a unit: is employed 
called a foot-pound of horizontal transport, meaning the con- 
veying of a load of 1 pound 1 foot horizontally. The fol- 
lowing table, compiled from the sources referred to in sect. 
159, gives some examples of the daily duty of men and 
horses in units of horizontal transport, L denoting the load 
in tb, V the velocity in feet per second, and T the number 
of seconds per day of working :— 


ou 
L. ees . ° 
3600 LY, LVT 
Db. Feet | Hours ay cok Tb conveyed 
per sec.| per day. 1 fice 1 foot. 
‘ Man— 
15. Walking unloaded, transport? 5 
of peeerelanta eos vases if aa § 140 5 10 700 25,200,000 
Do. Ce ere 140 6 10 840 30,240,000 
16, Wheeling load L in two- 
wheeled barrow, returning 224 16 10 873 13,428,000 
empty ; V= \ velocity..... 
17. Do, one-wheeled barrow, do....| 135 16 10 225 8,100,000 
18. Are reuns with burden... s ae 90 25 vi 225 5,670,000" 
1. aying burdy 
18, Conveying burden, returning }/ 149} re | 6 | ass | 5,009,600 
252 
20. Carrying burden for 30 sec- P es tPA G 
ONAS ODIY... secsseesesevee } ais A i uate 2 
ORSE— i 
21, Walki th t al 
Voadeds.rseesssereseeerese-$ | 1000 | 8° | 10 | S400 | 194,400,000 
22, Trotting do. DOs ceseeee 750 72 46 5400 87,480,000 
23. Walking with cart, going 
loaded, returning empty; 1500 20 10 8000 108,000,000 
V= 4 mean velocity...... 
24, Carryivg burden, walking..... 270 36 10 972 84,992,000 
25. Do. trotting......| 180 72 7 1296 32,659,200 


161. (B.) Weight of Liquids—(C.) Motion of Fluids.— 
In water-wheels and other hydraulic engines the weight 
and motion of a liquid usually act together as sources of 
energy. 

To determine the necessary loss of energy and the theo- 
retical efficiency, we have the following formule :— 

The power or energy exerted per second is 


vy? 
a(t +23) 
the necessary loss— 
2 
SA ip 
QF 3 
the theoretical effect or useful work per second—} + + (87), 
Vi-V3). 
a(x prince ) i 
the theoretical efficiency— 
VE) « (ce | 
(x ae”) ) \E +29 


where Q denotes the weight of liquid which acts on the 
wheel or other engine per second; H the vertical fall from 
the point where the liquid first begins to act directly or 
indirectly on the wheel or other engine to the point where 
it ceases to act; V, the velocity of the liquid when it be- 
gins to act; and V, the least velocity, when it ceases to act, 
which will properly discharge the liquid, and prevent its 
accumulating so as to impede the wheel or engine. 

(For details as to the actual efficiency and duty and the 
construction of hydraulic engines, see HyDROMECHANICS. ) 

In windmills, the air, being in motion, presses against and 
moves four or five radiating vanes or sails, whose surfaces 
are approximately helical, their axis of rotation being 
parallel, or slightly inclined in a vertical plane, to the 
direction of the wind. The best form and proportions for 
windmill sails, as determined experimentally by Smeaton, 
are as follows (see fig. 36) :— 


Angle of each sail with the plane of rotation—at DE= 18°; 
Do. do. do. Bb BO 7 s 
OD=$ of whip OA; bar DE= 4 0A; barBC=40A; AC=DE. 
162. (D.) Heat.—In sect. 157 the three factors into 
which the efficiency of an engine moyed by heat can be 
‘h resolved have already been stated. 
B : ca The efficiency of the furnace and 
boiler in steam-engines varies 
from 0°4 to 0°85. It may be con- 
sidered that the loss of heat to the 
extent of 0°15 by the chimney is 
necessary in order to produce a 
sufficient draught; any loss he- 
yond this is waste. The theoreti- 
eal efficiency of the steam, or other 
elastic fluid, which serves as the 
mechanism for converting heat 
into mechanical energy, is regu- 
lated by a law which will now be 
0 explained. 
Fig. 36, Heat acts on bodies in two ways 
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—to elevate temperature and make the bodies hotter, and 
to produce mechanical changes. Heat employed in produ- 
cing mechanical changes disappears or becomes latent, as it is 
termed, and can be reproduced by reversing those mechani- 
cal changes. When a cycle of mechanical changes, ending 
by the restoration of the body to its original condition, 
produces mechanical energy, heat disappears to an amount 
equal to that which would be generated by employing the 
mechanical energy in overcoming friction,—that is to say, 
a British unit of heat (or one degree Fahr. in one tb of 
liquid water) for every 772 foot-pounds of energy (being 
the constant already mentioned in sect. 115 as Joule’s 
equivalent). This is called the conversion of heat into mechan- 
ical enerqy. 

The efficiency of the fluid in a heat-engine is the proportion 
which the heat converted into mechanical energy bears to 
the whole heat received by the water or other fluid; and 
the theoretical or maximum value of that efficiency depends 
solely upon the respective temperatures at which the fluid 
receives heat and rejects the unconverted heat, according 
to the following law :—let t, represent the temperature at 
which the fluid receives heat, and t, the temperature at 
which it rejects the unconverted heat, as measured from 
the absolute zero,—that is, from a point 493°°2 Fahr. or 274° 
C. below the temperature of melting ice (temperatures so 
measured are called absolute temperatures); then the maai- 
mum theoretical efficiency of the water or other fluid in a steam- 
engine or other heat-engine is 


ti —te 
ty : 
The necessary loss of heat by the fluid is ¢,/t, of the 


(88). 
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whole heat received by it; and any loss beyond this is 
waste. 

The theoretical efficiency of the steam in ordinary steam- 
engines seldom exceeds Ath; the greatest actual efliciency 
is about 3th; the efficiency in good ordinary engines 
is about 0°1 or 0°08, and in bad and wasteful engines 0°04, or 
even less. (lor details see SrEAM-ENGINE.) 

163. (K.) Electricity and Magnetism.—Electricity devel- 
oped by chemical action in a galvanie battery has been to 
a small extent used to produce mechanical energy by alter- 
nately magnetizing and unmagnetizing soft-iron bars. 

The data for determining the actual efficiency of such 
engines are deficient. Their theoretical efficiency depends 
on the following law, demonstrated by Joule ;— 

Let y, denote the strength of the electric current which 
would be developed in the conducting wire of the battery 
if there were no iron bar to be magnetized ; y, the strength 
to which the current is reduced by the reaction of the iron 


bar, tending to induce a contrary current. Then the theo- 
retical etliciency of the engine is 
Yr %2 

oe). 

Y1 ( ) 


The proportion of the energy expended which is necessarily 
lost is y2/y,, and is employed in producing heat in the con- 
ducting circuit. 

This law is exactly analogous to that of the theoretical 
efficiency of heat-engines given in equation 88. ; 

There is reason to believe that electro-magnetic engines 
are capable of a higher efficiency than heat-engines; but 
the greater cost of the materials consumed renders them 
much less economical commercially, (W. J. M. RB.) 


MECHITHARISTS, a congregation of Armenian 
monks, in communion with the church of Rome, which 
has enjoyed papal recognition since 1712. Its founder 
Mechithar, or Mechitar da Pietro, a native of Sebaste 
(Sivas) in Armenia, was born on February 7, 1676; his 
original name was Manuk, which he exchanged for 
that by which he was subsequently known (‘‘ Com- 
forter’’) when he entered the cloister of the Holy 
Cross in his native town. In the pursuit of know- 
ledge he visited various seats of learning in Armenia, 
and in the years 1691, 1696, and 1699 respectively he 
attained the office of deacon, priest, and vartabed or 
doctor in theology. Having removed to Constanti- 
nople, he founded there in 1701 a religious institute 
for the intellectual, moral, and spiritual elevation of 
his countrymen, and for the cultivation of their lan- 
guage and literature. In 1703 sectarian jealousy 
obliged him to retire to the Morea, where he ultimate- 
ly found a settlement at Modon, and built a cloister 
and church (1706-8). The outbreak of hostilities be- 
tween the Turks and Venetians in 1715 compelled him 
to take refuge in Venice, where in 1717 he received 
from the senate the island of San Lazzaro, which ever 
since has been the home of his order. Mechithar, who 
died on April 27, 1749, was the author of a Grammatica 
Armena, printed in 1770, of an Armenian Lexicon, 
printed in 1744, of an Armenian translation of the 

ible, printed in 1734, and of several commentaries on 
Biblical books. The order of Mechitharists, which, as 
already mentioned, received formal recognition (from 
Clement XI.) in 1712, uses the Armenian language 
and the Syrian rite; its rule resembles the Benedictine, 
prominent among the duties of its members being the 
proclamation of the gospel and the diffusion of good 
literature. They have accumulated at San Lazzaro a 
large library, specially rich in Armenian MSS. ; and 
their linguistic attainments are considerable. Among 
their services to the cause of learning may be mentioned, 
in addition to the preparation of critical texts to the Ar- 
menian classics and of the Armenian version of the Bible 
the publication in old translations of various works of 
Ephraem Syrus, Philo, and Eusebius, of which the 
originals have been lost. There are establishments 
belonging to the order elsewhere in Italy (Padua), as 
well as in Russia and Turkey, in Paris, in Austria- 
Hungary, and in Germany. Of these the most im- 
portant is that of Vienna, which has existed since 


1810, and has become a sort of learned ‘‘academy,”’ 
receiving honorary members even from beyond the pale 
of the Roman Catholic Church. 

MECHLIN, or Matinegs, a city of Belgium, in the 
province of Antwerp, on the river Dyle, about 14 
miles north of Brussels. The general aspect of the 
town, belted by a fine avenue of trees, with well-built 
houses, extensive gardens, and broad airy streets and 
squares of proverbial cleanliness, is pleasing to the eye; 
there is, however, a lack of life and motion, a repose 
bordering on stagnation; and the area occupied by the 
town is much too extensive for the population. Mech- 
lin was for many centuries, and is to this day, the 
religious metropolis of Flanders, and its monuments 
and curiosities are in general of a sacred description. 
Among the most remarkable is the cathedral church 
of St. Rombold or Rombaut, mainly built in the.latter 
half of the 14th century; the square massive tower, 
rising 300 feet high and bearing four dials, each 48 feet 
in diameter, is visible from all the country round. The 
interior proportions of the edifice are grand, and it con- 
tains some fine works of art—statues of the apostles, 
standing against the pillars of the nave, Vandyck’s 
picture of the Crucifixion, the Adoration of the Shep- 
herds, by Erasmus Quellin, and others. The church 
of St. John possesses a celebrated triptych of Rubens, 
and another by the same master is to be seen at Notre 
Dame. The ‘‘Halle’’ or market still retains some 
vestiges of the splendid palace raised on the site by 
Charles V. in 1530, and on the chief market-place is a 
monument erected to Margaret of Austria, daughter 
of the emperor Maximilian. Mechlin is an archiepis- 
copal see, occupied by a cardinal, primate of Belgium, 
deriving his spiritual power from Rome, and quite in- 
dependent of (at times even openly opposed to) the 
civil Government. His palace is the headquarters of 
the Catholic party, and the seat of considerable moral 
and political influence extending over every parish in 
the tek: the university of Louvain, the Catholic 
schools, more than four thousand in number, and the 
great seminary of Mechlin, the nursery of the Belgian 
priesthood, are entirely under the direction of the 
archbishop. The industrial activity of the town, 
formerly very great, has constantly decreased in the 
present century, and is now almost. extinct, im- 
portant corporation of weavers was scattered by the 
political troubles of the 15th and 16th centuries; and 
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the lace trade has gradually been transferred to Brus- 
sels and other towns. There still exist a few special 
manufactures, those of carved oak furniture, straw 
chairs, and wool and linen tissues being among the 
foremost; some tanyards and breweries are also to be 
found, and the means of communication furnished by 
the Dyle supply a tolerably brisk market in corn, oils, 
flax, hemp, and hops. As a railway station Mechlin 
possesses peculiar importance, being a junction of the 


chief Belgian Government lines and the great central 


workshop for constructing and repairing the rolling- 
stock. ‘The population of Mechlin in 1880 was 42,381. 

Mechlin appears to have been about the 8th century a 
mere group of cabins surrounding a noted monastery where 
St. Rombaut, now the patron saint of the town, suffered 
martyrdom on the 24th of June, 775. After having be- 
longed to the first Frankish monarchs, it was given by Pip- 
pin the Little to his relative Adon, and passed, at the com- 
mencement of the 10th century, under the dominion of the 
bishops of Liége, in whose name it was governed by the 
powerful house of Berthold until the year 1333. When 
this family became extinct, Mechlin and the surrounding 
district were divided in two portions and sold by the 
bishops to the duke of Brabant and the count of Flanders, 
the former of whom, ten years later, once more united the 
whole territory under his own sway. By the marriage of 
Margaret of Brabant with Philip the Bold, Mechlin was 
brought under the sceptre of the house of Burgundy, whose 
fate it shared from that time. Stormed by the French in 
1572, by the prince of Orange in 1578, by the English in 
1580, the town suffered much during the wars of the 17th 
and 18th centuries. Napoleon I. had its fortifications razed 
in 1804, and made it the capital of the French “ Départe- 
ment des deux Néthes” until 1814, when it was comprised 
in the kingdom of the Netherlands, and it finally became 
part of Belgium in 1830. 


MECKLENBURG, a territory in North Germany, 
on the Baltic Sea, extending from 53° 4” to 54° 24’ N, 
lat., and from 10° 35” to 13° 57’ KE. long., corresponds 
with tolerable closeness to the old lower Saxon province 
of the same name, and is now unequally divided into the 
two grand-duchies of Mecklenburg-Schwerin and Meck- 
lenburg-Strelitz. These are so closely related in history, 
political organization, natural features, and general de- 
velopment that it is convenient to treat them in a single 
article. 

MECKLENBURG-SCHWERIN, the seventh state of the 
German empire in size and the eighth in population, is 
bounded on the N. by the Baltic Sea, on the W. by the 
Cag ality of Ratzeburg and Lauenburg, on the 8. by 

randenburg and Hanover, and on the K. by Pome- 
rania and Mecklenburg-Strelitz. It embraces the 
duchies of Schwerin and Giistrow, the district of 
Rostock, the principality of Schwerin, and the barony 
of Wismar, besides several small ‘‘enclaves’’ in the 
oa territories. Its total area is about 5117 square 
miles. 

M&cKLENBURG-STRELITZ, the eleventh state of the 
German empire in area and the nineteenth in popula- 
tion, consists of two detached parts, the duchy of 
Strelitz on the east of Mecklenburg-Schwerin and the 
principality of Ratzeburg on the west. The first of 
these is bounded by Mecklenburg-Schwerin, Pomerania, 
and Brandenburg, the second by Mecklenburg-Schwerin, 
Lauenburg, and the territory of the free town of Lii- 
beck. Their joint area is 1126 square miles. 

Mecklenburg lies wholly within the great North-Ku- 
ropean plain, and its flat surface is interrupted only by 
one range of low hills, intersecting the country from 
south-east to north-west, and forming the watershed 
between the Baltic Sea and the Elbe. Its highest 

oint, the Helpter Berg, is 580 feet above the sea- 
level. The coast-line runs for 65 miles along the Baltic 
(without including indentations), for the most part in 
flat sandy stretches covered with dunes. The chief 
inlets are the bays of Wismar, Grosse Wiek, Salzhaff, 
and Kyoy, and the roads of Warnemiinde. The rivers 
are numerous though small; most of them are affluents 
of the Elbe, which itself traverses a small portion of 
Mecklenburg. Several of the streams are navigable, 
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and the facilities for inland water. traffic are increased 
by a tolerably extensive system of canals. Lakes are 
very numerous; about four hundred of fair size, cover- 
ing an area of 500 square miles, are reckoned in the 
two duchies. ‘The largest is Lake Miiritz, 52 square 
miles in extent. ‘The climate on the whole resembles 
that of Great Britain, but the winters are generally 
more severe; the mean annual temperature is 48° F., 
and the annual rainfall is about 28 inches. Although 
there are long stretches of marshy moorland along the 
coast, the soil is on the whole productive. According 
to the official returns of 1878, about 57 per cent. of the 
total area of Mecklenburg-Schwerin consisted of ecul- 
tivated land, 17 per cent. of forest, and 13 per cent. of 
heath and pasture. In Mecklenburg-Strelitz the cor- 
responding figures were 48, 20, and 9 per cent. Agri- 
culture is by far the most important industry in both 
duchies. ‘The following table shows the areas and prod- 
ucts of the chief crops in 1880:— 


Mecklenburg-Schwerin, Mecklenburg-Strelitz. 
Crops. ———- 

Tons. Acres. Tons, 

RUG ce saseivaaentesndiebeadcova 243,818 68,530 29,619 

Oats.... 188,166 49,422 26,743 

Wheat 43,420 26,240 93,378 

Barley 83,487 10,722 7,244 

Potatoes 345,285 16,440 70,537 
ERGY nsec ndu. eanadeencrpay tava __ 269,497 __833,737_ id 46,805 __ _ 98,464 _ 

: Totals.. sees eeeeeseee! 1,202,560 | 1,187,861 | 218,159 320,985 


Besides these, smaller areas are devoted to maize, 
buckwheat, pease, rape, hemp, flax, hops, and tobacco. 
The extensive pastures support large herds of sheep 
and cattle, including a noteworthy breed of merino 
sheep. ‘The horses of Mecklenburg are of a fine sturdy 
quality, and are highly esteemed in Germany. In 
1878 the two duchies contained 100,651 horses, 315.712 
eattle, and 1,321,916 sheep. Red deer, wild swine, 
and yarious other kinds of game are found in the 
forests. The manufactures of Mecklenburg are of 
little importance. Its industrial establishments include 
a few iron foundries, wool-spinning mills, carriage and 
machine factories, dye-works, tanneries, brick-fields, 
soap-works, breweries, distilleries, numerous limekilns 
and tar-boiling works, tobacco and cigar factories, and 
about eight hundred mills of various kinds. Mining 
is also insignificant, though a fair variety of minerals 
is represented in the district. Amber is found on and 
near the Baltic coast. Trade, raainly confined to the 
larger duchy, is tolerably active. Rostock, Warne- 
miinde, and Wismar are the principal commercial 
centres. The chief exports are grain and other agri- 
cultural produce, live-stock, spirits, wood, and wool; 
the chief imports are colonial produce, iron, coal, salt, 
wine, beer, and tobacco. The horse and wool markets 
of Mecklenburg are largely attended by buyers from 
various parts of Germany. Fishing is carried on ex- 
tensively in the numerous inland lakes. Within the 
last decade the mercantile fleet of Mecklenburg- 
Schwerin has doubled the number and quadrupled the 
tonnage of its ships, these consisting in 1881 of 370 
sailing vessels and 11 steamers, with an aggregate 
burden of 112,388 tons. Mecklenburg-Strelitz has no 
seaboard. 

Mecklenburg-Schwerin and Mecklenburg-Strelitz are 
both limited monarchies under grand-dukes, who are 
hereditary in the male line. The reigning families are 
closely related, and possess mutual rights of succession ; 
should both families become extinct, their possessions 
pass to Prussia. The constitution, which is common 
to both the duchies, exhibits few traces of the liberal 
tendency of modern politics. The temporary modifica- 
tions brought about by the agitation of 1848 were 
quickly rescinded, and matters returned to the old 
semi-feudal arrangements, which deprive the bulk of 
the people of all share in the government. The con- 
stitution as it now exists is based upon an agreement 
made between the duke of Mecklenburg-Schwerin and 
'h‘s estates in 1755, and adopted in the same yearby 


, 
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Mecklenburg-Strelitz. The Landes-Union, or common 
assembly of the two duchies, consists of representatives 
of the Ritterschaft, or landed proprietors, and of the 
Landschaft, which embraces forty-seven towns. The 

easantry is unrepresented, and the principality of 

atzeburg, in Mecklenburg-Strelitz, is governed di- 
rectly by the grand-duke. The Landes-Union meets 
once annually, alternating between Sternberg and Mal- 
chin. When not sitting it is represented by a com- 
mittee of nine members. Distinct from the Landes- 
Union are the convocation diet and the deputation diet, 
which are assemblies of the estates of one or other 
duchy for special business. In Mecklenburg-Schwerin 
the executive is placed in the hands of four ministers, 
holding the portfolios of foreign affairs, domestic affairs, 
finance, and justice (including education and religion). 
In Mecklenburg-Strelitz there is one minister, who is 
aided by a small council. In both duchies the military 
administration is in the hands of the crown. Meck- 
lenburg-Schwerin has two votes in the federal council 
of the German empire, and sends six members to the 
imperial diet, while the smaller duchy has one repre- 
sentative in each assembly. As no official budget is 
published in either duchy, it is impossible to give ac- 
curate details of their financial position. In Mecklen- 
burg-Schwerin it is usual to distinguish three branches 
of revenue, one under the control of the sovereign, one 
under the joint control of the sovereign and estates, 
and the third (of small amount) under the sole man- 
agement of the estates. The income under the first 
heading is derived from the royal domains, the ordinary 
taxes, and special votes for special purposes, and 
amounts to about £600,000. With this sum are de- 
frayed the ordinary expenses of government, including 
the annual contribution to the imperial treasury. The 
revenue under the second head is about £100,000. The 
public debt in 1880 amounted to £1,100,000. The 
revenues of Mecklenburg-Strelitz are unknown; its 
debt is estimated at about £300,000. The private in- 
come of the duke, derived from the oot domains, 
makes him one of the richest princes in Germany. 
The duchies of Mecklenburg contribute three regiments 
of infantry, a battalion of rifles, two regiments of dra- 
goons, and four batteries of field artillery to the im- 
perial army. 

The educational institutions partake of the high 
character common to those of the German empire. 
The two duchies contain nine gymnasia, seven ‘‘ Real- 
schulen,”’ three normal schools, and an adequate num- 
ber of schools of a lower grade. There is a university 
at Rostock, which in 1882 had a teaching staff of 36 

rofessors and an attendance of about 250 students. 

n 1880-81 only 0°56 per cent. of the recruits in Meck- 

Jenburg-Schwerin were unable to read and write their 
names, while all the recruits in Mecklenburg-Strelitz 
were able to do both. The predominant, confession in 
Mecklenburg is the Lutheran, which is professed by 
both the grand-dukes. The proportion of Roman 
Catholics, Jews, and members of the Reformed Church 
is insignificant. The ultimate spiritual authority is 
exercised by consistories at Schwerin and Strelitz. 
Mecklenburg also contains a fair share of learned 
societies and benevolent institutions. The supreme 
court of appeal for both duchies, in all criminal and 
civil cases, is at Rostock. 

The population of Mecklenburg-Schwerin in 1861 
was 548,449; in 1871, 557,707; in 1875, 553,785; and 
in 1880, 577,055. The capital is Schwerin (30,146 in- 
habitants), but the most important town is Rostock 
(36,967 inhabitants). The population of Mecklenburg- 
Sirelitz in 1861 was 99,060; in 1871, 96,982; in 1875, 
95,673; in 1880, 100,269. The chief town is Neu- 
Strelitz. About 71 per cent. of the inhabitants are 
engaged in agricultural pursuits. The proportion of 
the rural te the urban population is as 3 to 1, or ex- 
actly the reverse ratio to that in the neighboring Prus- 
sia. The peasantry of Mecklenburg still retain numerous 
traces of their Slavonic origin, especially in their speech, 
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but their peculiarities have been much modified by 
amalgamation with the German colonists who settled 
within this district at various times. The townspeople 
and nobility are almost wholly of Saxon strain. The 
slow rate of increase in the population of Mecklenburg 
is chiefly accounted for by abe constant stream of emi- 
gration. Between 1870 and 1880 the two duchies con- 
tributed in the highest proportion to the emigration 
from Germany. Out of 595,151 German emigrants who 
sailed from Bremen, Hamburg, Stettin, and Antwerp 
within that period, 24,870 came from Mecklenburg- 
Schwerin, and 2481 from Mecklenburg-Strelitz, repre- 
senting respectively 4°038 and 2°52 per 1000 inhabitants 
as the yearly average. Probably another cause of the 
slow growth of population is to be sought forin the diffi- 
culties thrown in the way of the marriage of the peasants 
by the semi-feudal character of their tenure. It isa sig- 
nificant fact that in 1880 the proportion of illegitimate 
births in the two duchies amounted to 14 per cent. as 
compared with 9 per cent. in the entire German empire. 


History.—The Vandals, who in the time of Tacitus oc- 
cupied the region now known as Mecklenburg, were suc- 
ceeded in the 6th century by a Slavonic race. Though | 
partly conquered by Charlemagne in 789, this people soon 
regained their independence, and long offered a successful 
resistance to all attempts on the part of the German em- 
perors to overcome and Christianize them. At last, in 1160, 
Duke Henry of Saxony made himself master of the country. 
The native prince was, however, permitted to retain his 
sovereignty, and has transmitted to his descendants and 
successors of the present day the distinction of being the 
only ruling princes of Slavonic origin in Germany. In 
1160 he was raised by the emperor Frederick I. to the 
dignity of a prince of the empire. From 1202 till 1227 
Mecklenburg was under Danish supremacy; and in 1229, 
two years after its restoration to Germany, there occurred 
the first of a long series of divisions of the territory, which, 
with subsequent reunions, constitute so much of its com- 
plicated history. In 1348 Charles IV. made Mecklenburg 
a duchy. In 1523 the trials and commotions springing 
from the rivalry and jealousy of two joint rulers incited 
the prelates, nobility, and burghers to form a union among 
themselves, the effects of which are visible to the present 
day,—most prominently in the existence of the common 
Landes-Union. The Reformation was welcomed by the 
inhabitants of Mecklenburg in 1524; and about 1555 nearly 
all the monasteries were suppressed. In 1621, when a new 
partition took place, the town of Rostock “with its uni- 
versity and high court” was declared to be held in com- 
mon. The diet also retained its joint character, and hence- 
forth alternated between Sternberg and Malchin. 

In the Thirty Years’ War both Mecklenburg-Schwerin 
and Mecklenburg-Gustrow—as the parts were then called 
—incurred the suspicion of the emperor, who secretly sold 
them to Wallenstein, and expelled the dukes in his behalf. 
They were reinstated, however, by Gustavus Adolphus, and 
at the peace of Prague in 1635 they both made their peace 
with the emperor. At the peace of Westphalia, Rostock 
and some other parts of Mecklenburg territory were given 
in pledge to Sweden, and they were not redeemed till 1803. 
The sufferings of the Mecklenburg peasantry during the 
Thirty Years’ War were exceeded in no other part of sorely- 
tried Germany. Most were reduced to serfdom through 
poverty; in some cases whole villages utterly vanished. 
In 1695 the Mecklenburg-Gustrow line became extinct; 
and, after some contention between the brother and the 
nephew of the last duke of Mecklenburg-Schwerin for the 
vacant succession, the “Hamburg Division” (March 8, 
1701) apportioned to each shares that are represented by 
the present duchies. The affixes Schwerin and Strelitz are 
derived from the capital towns of the two dukes. 

Mecklenburg-Schwerin began its new independent ex- 
istence by a series of constitutional struggles between its 
nobility and its rulers. The heavy debt incurred by 
Charles Leopold, who had joined Russia in a war against 
Sweden, brought matters to such a pitch that in 1728 the 
emperor Charles VI, deposed the duke in favor of his bro- 
ther Christian Louis. Under this prince, the ‘ Rostock 
Contract,” which is still the basis of the constitution, was 
framed in 1755, During the Seven Years’ War Mecklen- 
burg-Schwerin assumed a hostile attitude towards Frederick 
the Great, and was in consequence occupied by Prussian 
troops. In 1806 it was overrun by the French, and in 1808 
it joined the confederation of the Rhine. The duke, how- 
ever, though he assisted Napoleon in 1812, was the first 
member of the confederation to renounce it, and in the 
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following year his troops fought against France and Den- 
mark. On joining the Germanic confederation he assumed 
the title of grand-duke, with the style of royal highness, 
In and after 1848 the duchy witnessed a considerable agita- 
tion in favor of a new and more liberal constitution, but 
the subsequent reaction rescinded all the concessions that 
had been made, and reduced matters to their former feudal 
condition. In 1819 and 1820 serfdom and personal bondage 
were abolished, and various slight ameliorations of the state 
of the peasantry have since been introduced. 

' Mecklenburg-Strelitz adopted the constitution of the 
sister duchy by an “Agnitions-Act” in 1755. In 1806 it 
was spared the infliction of a French occupation through 
the interest of the king of Bavaria; but in 1813 it was 
mulected in the sum of two million thalers for the French 
army. In 1808 it entered the Rhenish confederation, but 
repudiated it in 1813 and joined the alliance against Na- 
poleon. In 1815 the duke assumed the title of grand-duke. 


Authorities —Boll, Geschichte Mecklenburgs, 1855; Nizze, Volks- 
wirthschaflliche Zustdnde in Mecklenburg, 1861; Boll, Abriss der 
Mecklenburger Landeskunde ; Boger, Topographisches Handbuch f. d. 
Grossherzogthiimer Mecklenburg-Schwerin und Mecklenburg-Strelitz, 
Kiel, 1881; the official Staatskalender, published annually; the 
Beitrdge zur Statistik Mecklenburgs, published by the Statistical 
Office at Schwerin; Jahrbiicher des Vereins fiir Mecklenbiirgische 
Geschichte, 1836-1882. For the recent constitutional struggles see 
the various works of M. Wiggers, the most prominent leader of 
the democratic party. (J. F. M.) 


MEDALS. See Numismatics. 

MEDEA, the daughter of Aletes, king of the Colch- 
ians, who were believed to be of Kgyptian descent 
(Herod., ii. 104), and are said to have found a settle- 
ment on the east of the Kuxine and to the south of the 
Caucasus. Medea was one of the ‘‘ wise women” 

witches or sorceresses) of antiquity, and perhaps, like 

elen, was a human embodiment of some goddess 
connected with Eastern element-worship, possibly with 
Hera. For the story of her love for Mi ason the Argo- 
naut, and of the revenge she took for his desertion of 
her for another bride, a Corinthian princess, Glauce, 
daughter of Creon, see ARGONAUTS and JASON. A 
more interesting inquiry is the origin of the tale, and 
its connection with solar myths. 

The legend of the Argonautic expedition is a very 
ancient one. It is alluded to in the Odyssey (xii. 70), 
in more than one passage of Adschylus,' and is given at 
some length in the fourth Pythian ode of Pindar, the 
close agreement of which with the Alexandrine compi- 
lation by Apollonius Rhodius, entitled Argonautica, in 
four books, shows that, according to the general law of 
mythology, the main features of the legend differed 
but little. The original story, it is probable, was con- 
tained in a still older epic poem called 7 Mivvde rolyoxc, 
the authorship of which was ascribed to Prodicus of 
Phoceea.? 

The ‘‘ Golden Fleece,’’ in quest of which the adyen- 
turers made a voyage from the home of Jason, Iolchus 
in the Thessalian Magnesia, is virtually identical with 
the fiery robe which Medea prepared for her rival 
Glauce, the new bride, with the Homeric ‘‘egis,” 
and with the garment smeared with phosphorus which 
was sent by Deianira to Hercules, and burst into a 
flame when brought near to a sacrificial fire.’ Jason, 

‘as the story went, was not allowed by the guardian of 
the fleece, King Atetes, to approach it till he had per- 
formed a certain task in putting to the yoke fire-breath- 
ing bulls, which he effected by the aid of Medea. 'The 
bull is a well-known symbol of the sun, and it occurs in 
the bull-slaying group representing the Persian sun-god 
Mithras. Again, the slaying of a father by a son (the 
old sun killed by the new one) is seen alike in Cidipus 
having caused the death of his father Laius, in ison, 
the father of Jason, having been restored to life by the 
magic arts of Medea, and in Pelias having been killed 
and boiled in a caldron by his own daughters at the 
instigation of the sorceress. Lastly, the legend that 
Medea was herself the granddaughter of the sun, and 
that she escaped in a car drawn by flying dragons, given 


1 He alludes to Phineus and the Lemnia facinora (Hum. 50; Cho. 
620), and there were plays composed by him on both these sub- 
jects. : 
, 2 Pausan., iy. 33,7. He quotes from it two hexameter verses in 


Kii28, 2: 
8 Soph., Trach., 765. 
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to her for safety by her grandsire,* equally tends to prove 
that the whole story is of solar origin, and can be ex- 
plained on that theory alone. 

This, indeed, has been well stated by Sir G. W. Cox.® 
The ‘‘dragon chariot is simply the chariot of Indra, 
Helios, and Achilles; and it is drawn by dragons be- 
cause the word denoted simply beings of keen sight, 
and was naturally applied to the creatures which may 
be A ei to bear the sun across the heaven.”’ 

In all these legends about the sun the performance 
of certain imposed “‘toils”’ or labors is included, the 
idea expressed being the hard necessity of the sun 
going his daily course in the appointed time in spite 
of thickening storm-clouds, and opposing powers of 
darkness, through which he has to fight his way, both 
visibly above and invisibly underneath the earth. Thus 
Hercules has his twelve labors (the number correspond- 
ing to the lunar months), while Jason is not only re- 
quired by his uncle King Pelias to bring the golden 

eece, but is commanded by Aetes to tame the bulls 
as a condition of obtaing it. The name Mfdeca may 
possibly be referred to n#decAar, ‘‘to care for,’’ as Jason 
may contain the root iao0a, ‘‘to heal,’’ which is the 
meaning that Pindar attaches to it,® or to iov, the vio- 
let-colored dawn, as in Iocaste, Iamos, and Iolaus.? In 
his relation to the snake, which guarded the fleece, and 
to the dragons’ teeth which he sowed on the ground 
ploughed by the fiery bulls, compared with the serpent 
entwining the staff of the healing god Asclepius, we see 
that almost invariable connection that subsists between 
solar and phallic worship.* ‘This view is confirmed by 
the ‘ship Argo,’’ one of the many sexual symbols of 
cup-shaped and boat-like form.’ It is the ‘‘ship”’ 
which was the Teutonic symbol of the goddess Isis.!° 


The existing literature on the love of Medea for Jason 
shows how popular was the story in antiquity for its pathos 
and its sentimentality. Thus the Medea of Euripides was 
rendered by Ennius; Neophron of Sicyon and Melanthius™ 
wrote plays of the same name; we have the long and fine 
Pythian ode of Pindar, already referred to, the touching 
epistle “Medea Jasoni” in the Heroides of Ovid, and the 
interesting, beautiful, and too little read Argonautica of 
Apollonius. 

Of course, the similarity of the names Mfjdo and Mysea 
led to etymological speculations on the identity of the 
nomenclature, and one Medus, a son of Medea, was believed 
to have been an eponym hero.!? The author of the compi- 
lation known as Hesiod’s 7'heogony says that Medeus was a 
son of Medea by Jason,!° and was brought up, as Jason him- 
self had been, by Chiron in the mountains. Euripides assigns 
but two children to Medea and Jason,!* and Apollodorus!5 
gives their names as Mermerus and Pheres. 


MEDELLIN, a town of Colombia, South America, 
capital of the state of Antioquia, is situated at a height 
of 4845 feet above the sea, in the valley of the Rio 
Porce, a right-hand tributary of the Rio Cauca, and, 
though 100 miles from the confluence, not more than 
16 miles east from the valley of the larger stream. It 
is a clean and well-built place, but has no public’ build- 
ings of note. Though the population is estimated at 
14,000, there is no great activity except on the market 
days, twice a week, when the buyers and sellers flock 
in from the country. See Fr. Von Schenk in Peter- 
mann’s Mittheil., 1880. ; 

MEDFORD, a town of the United States, in Mid- 
dlesex county, Massachusetts, at the head of navigation 
on Mystic river, and 5 miles north-west of Boston by a 
branch of the Boston and Maine Railroad. It is a busy 
place, with a considerable variety of manufactures— 
woollens, carpets, buttons, bricks, leather, etc. Tufts 
College, situated near the town on Walnut Hill, was 

4Eur., Med., 1321; Hesiod, Theog., 958. 

5 Mythology and Folklore, p. 264; see also Mythology of the Aryan 
Nations, pp. 240, 384, 388, 

6 Pyth., iv. 119, 

7 Cox, Aryan Mythology, pp. 244,.385. 

8 Cox, ibid., p. 363. 

9 Aryan Mythology, p. 104 and 354. 

10 Tac., Germ., 9. 1 Ar., Pac., 1012, 

12 Pausan., ii., 3, 8. 13 Theog., 1001. 


M Airtvxos yory, Y. 1136, Hence in 969 the dual is used, cicehe 
Oovre, 15 Bibl., i. 9, 28, 
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founded by the Universalists in 1853, and named in 
honor of Charles Tufts, the donor of the 70 acres oc- 
cupied by the building and its grounds. The endow- 
ment amounts to more than $1,000,000. The popula- 
tion of Medford was 5717 in 1870, and 7537 in 1880. 

MEDHURST, Waurer Henry (1796-1857), one of 
the most distinguished Protestant missionaries to the 
Chinese, was born in London in 1796. His edueation 
began at St. Paul’s Cathedral school. As he grew up, 
he learned the business of a printer; and, having be- 
come interested in missions to the heathen, he sailed 
in 1816 for the London Missionary Society’s station at 
Malacca, which was likely to be a great printing-centre. 
His linguistic powers soon showed themselves. He 
became proficient in Malay, in a knowledge of the 
written characters of Chinese, and in the colloquial use 
of more than one of its dialects. He was ordained at 
Malacca in 1819, and was in all missionary labors ‘‘ more 
abundant,’’—first at Penang, then at Batavia, and finally 
at Shanghai. To give only the names of his various 
works, some in English, some in Chinese, would take a 
considerable space. A dictionary of one of the Fuh- 
Kien dialects is still valuable; and his Chinese-English 
and English-Chinese dictionaries (Batavia, 1842) are 
more complete and reliable than any earlier or later 
works of the same kind. After the conclusion of the 
first English war with China he removed to Shanghai 
in 1843, and there he continued till 1856, laying the 
foundations, broad and deep, of a successful mission. 
His principal labor for several years, as one of a com- 
mittee of delegates of whom he was facile princeps, was 
in the revision of existing Chinese versions of the Sacred 
Scriptures. The result was what should be called a new 
version of the Bible, marvellously correct in idiom, and 
faithful to the meaning of the original. The university 
of New York conferred upon him in 1843 the degree 
of D. D. Medhurst left Shanghai in 1856, with several 
members of his family, to try the effect of a visit to 
England for his failing health. He died, however, 
two days after reaching London, on the 24th January 
next year. Strong, sprightly, versatile, and genial, he 
was a man of extraordinary gifts and generous soul. 
No efforts (and many were made) could draw him from 
his devotion to the work of missions. 

MEDIA. See Prrstas. 

MEDICAL JURISPRUDENCE, or, as it is now 
more usually termed, Formnsic Mepicrne, is that 
branch of state medicine which treats of the appli- 
cation of medical knowledge to the purposes of the 
law. The term medical jurisprudence, though sanc- 
tioned by long usage, is not an appropriate one; since 
the subject is, strictly speaking, a branch of medicine 
rather than of jurisprudence; it does not properly in- 
clude sanitation or Hyarenn (gq. v.), both this and 
medical jurisprudence proper being distinct branches 
of state medicine. The connection between medicine 
and the law was perceived long before medical juris- 
prudence was recognized, or had obtained a distinct 
appellation. It first took its rise in Germany, and sub- 
sequently, but more tardily, received recognition in 
Great Britain. 

Forensic medicine, or medical jurisprudence proper 
as distinguished from hygiene, embraces all those ques- 
tions which bring the medical man into contact with the 
law, and embraces (1) questions affecting the civil rights 
of individuals, and (2) injuries to the person. 


I. Questions AFFECTING THE CrviL oR SocraL 
Rieurs or INpIVvIDUALs. 


1. Development of the Human Frame.—The devel- 
opment of the physical and mental powers of the 
human being is a matter of the highest importance, 
and is a factor of great consequence in determining 
criminal responsibility, civil responsibility, or the power 
of giving validity to civil contracts, and in determining 
the personal identity of a living person or of a corpse. 


Human life is usually divided into the five periods | 


of infancy, childhood, youth, manhood, and old age. 
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Some writers increase the number of these, wnneces- 
sarily, to seven periods, without any practical advantage. 

Infancy is the period from birth till the first or milk 
set of teeth begin to be shed—usually about the seventh 
year. During this period the body increases in size 
and stature more, relatively, than at any other period 
of existence; and the mental faculties undergo great 
development. The milk teeth, twenty in number, are 
Kes) in a definite order, beginning with the central 
incisors at about six months, and ending with the 
second molars about the termination of the second 
year. From the size and stature of the body, the 
development -of the teeth, and the more or less ad- 
vained state of ossification or solidification of the bony 
skeleton, conclusions may be drawn as to the probable 
age of the infant. 

Childhood extends from the. commencement of the 
shedding of the milk teeth to the age of puberty— 
usually from the seventh to the fourteenth or fifteenth 
year. During this period the body expands, as well as 
the bony structures, without any clearly marked differ- 
ence in structure being observable between the sexes 
except as regards the genitals, so that it is impossible 
to distinguish absolutely between the male and the 
female skeleton during this period. The milk-teeth 
are shed, and are replaced by the second or permanent 
set, thirty-two in number, though these do not usually 
all make their appearance during childhood. Marked 
differences between the proclivities of the sexes are 
noticeable even at an early period of childhood, and 
long before the characteristic functions begin to be 
developed. 

Youth is marked at its commencement by the changes 
which occur at puberty—the development of the gen- 
itals in both sexes, the appearance of hair on the gen- 
itals, the appearance of a beard in the male, the devel- 
opment of the breasts in the female, the appearance 
of the monthly flow in the female, and the ability to 
secrete semen in the male. Marked mental changes 
now oecur, and the generative functions are perfected. 
Youth terminates at the age of legal majority, twenty- 
one years; or perhaps the period ought to be extended 
to twenty-five years of age, as it is with some nations. 

Manhood (or Womanhood) is the period of perfec- 
tion of all the bodily and mental powers. It ceases in 
woman with the cessation of the monthly flow at about 
forty-five years of age; but in man it often extends to 
a much later period of life. 

Old Age begins with the decay of the bodily and 
mental faculties, and is characterized by wrinkling of 
the skin, loss of the teeth, whitening of the hair, and 
feebleness of the limbs. In its later stages decay of 
the mental faculties, deafness, obscurity or loss of 
vision, and bowing of the spine are added. 

2. Duration of Human Life.—The chances of human 
life form an important subject of inquiry, which has 
been elucidated by the labors of Price, Milne, Farr, 
and others; and on deductions from comparisons of 
birth and death rates is founded the system of annu- 
ities, insurance against loss in sickness, and the insur- 
ance of lives. Since the establishment of compulsory 
registration of deaths, our knowledge of the ordinary 
and extraordinary chances of human life has been 
much extended, and surer data are now available for 
calculations of probabilities of life, of survivorships, and 
of the payments which ought to be made in benefit 
clubs. See INSURANCE and LONGEVErTY. 

3. Personal Identity.—It might be imagined that 
there is little danger, with the exercise of ordinary 
care, of mistaking one person for another; but the 
remarkable case of the Tichborne claimant, and some 
other less-known but perhaps equally singular mstances, 
have demonstrated that mistakes as to the identity of 
individuals are easily made, and are more frequent 
than is commonly supposed. Where the identity has 
to be established or disproved after long absence, ex- 
posure to foreign climates and great hardships, wounds, 


‘ete., the problem is often one of extreme difficulty. 
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The data for identifying a person are individual and | 
family likeness, stature, the color of the eyes, peculi- 
arities of garb and manner, recollection of antecedent 
events, but more especially marks on the person either 
congenital or acquired. Such are ncevi or mother’s 
marks, scars, and disunited or badly united fractures, 
known to have existed upon the missing person. An 
accurate solution of the question is, puveviheless often 
a matter of the greatest difficulty. 

4. Marriage.—Under this head the medical jurist 
has to deal principally with the nubile age, viewed in 
the light of nature and according to legislative enact- 
ments, and with such physical circumstances as affect 
the legality of marriage or justify divorce. 

In Great Britain the age at which the sexes are first 
capable of propagating the species is later than in more 
southern climes. Ordinarily it does not occur before 
fifteen years of age for the male and fourteen for the 
female ; exceptionally, however, it occurs at the ages 
of thirteen and of twelve (or even less) respectively in 
the male and female. By legislative enactment, never- 
theless, parents and guardians may, in England, at all 
events, forbid the marriage of young people till the age 
of legal majority. The only physical circumstances 
which in Great Britain form a bar to marriage are 
physical inability to consummate, and the insanity of 
‘one of the parties at the time of marriage. Both 
those circumstances have been pleaded and sustained 
in the law courts. In other countries minor physical 
circumstances, as disease, are held to invalidate mar- 
riage. 

5. Impotence and Sterility.—These may arise from 
organic or from functional causes, the former being 
alone irremediable, and as such taken cognizance of by 
the law courts. On this subject it is unnecessary to 
enlarge here. 

6. Pregnancy.—This subject presents one of the 
widest fields for medico-legal eek ay The limits of 
age between which it is possible, the limits of utero- 
Sprit and the signs of pregnancy may all in turn 

e the subjects of investigation, 

The limits of age between which pregnancy is possi- 
ble are usually fixed by the appearance and cessation 
of the monthly flow; and these ordinarily begin about 
fourteen and cease at forty-five years of age. Hxcep- 
tionally they appear as early as the tenth year, and may 
not cease till the end of the fifth decade of life. Cases 
however, have occurred where a woman has conceived 
before menstruating ; and a few doubtful cases of con- 
ception are recorded in women upwards of fifty, or 
even sixty, years of age. The general fact of preg- 
nancy being limited by the age of puberty on the one 
hand and the cessation of the monthly flow—or fifty 
years as the extreme limit of age—must be accepted 
as the safest guide in practice. 

The limits of utero-gestation are not in England 
fixed by legislation. The French code fixes the extreme 
limit of three hundred days. The ordinary period is 
forty weeks and a half, or two hundred and eighty- 
three days from the cessation of the last monthly flux. 
The limit of three hundred days, as fixed by the Krench 
code, is perhaps never exceeded, if ever reached. The 
uncertainty of females in fixing the exact date of con- 
ception has given rise to the discrepant opinions of 
physiologists on the subject. It is well known, how- 
eyer, that among the higher animals the period is not 
a precise one; and impregnation and conception are 
doubtless not necessarily coincident. 

The signs of pregnancy are of the utmost import- 
ance to the medical jurist. He may be called upon to 
pronounce upon the virtue of a female, to sustain or 
rebut a plea for divorce, to determine whether a capital 
sentence shall be carried out, or to determine whether 
it is probable that an heir will be born to an estate. 
Should he err in his judgment—and mistakes are very 
possible in the earlier months of utero-cestation—he 
may commit a grievous wrong. Medical jurists are in 
the habit of classifying the signs of pregnancy as un- 
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certain or certain; it is the former which are most 
regarded by the public, but the latter are alone of pro- 
bative value to the jurist. The usual and uncertain 
signs are the cessation of the monthly flow, nausea, 
sickness, a darkening of the areola and the formation 
of a secondary areola around the nipple, enlargement 
of the breasts, increased size of the abdomen, the 
formation of a tumor in the womb, quickening, and 
the motions of the foetus. There are also other minor 
signs of less importance. The certain signs are the 
uterine soufle, which is a peculiar soft sound heard 
over the abdomen, and synchronous with the maternal 
pulse; ballottement, or the examination for a floating 
tumor in the abdomen between the fifth and eighth 
months of pregnancy; and the pulsations of the foetal 
heart, heard by means of the stethoscope. These pul- 
sations are much quicker than, and not synchronous 
with, the maternal pulse. This is the only indubitable 
sign of pregnancy. It is inapplicable before the fourth 
month of gestation. 

7. Purturition.—The imminence of the process of 
parturition is of comparatively little interest to the 
medical jurist; but the signs of recent delivery are all- 
important. These signs are the bruised, swollen, and 
lacerated state of the external genitals, relaxation and 
dilatation of the vagina and womb, the existence of a 
yeculiar vaginal discharge known as the lochia, a re- 
axed and fissured condition of the abdominal walls, a 
peculiar aspect of the countenance, and the distended 


state of the breasts due to the secretion of milk. The 
lochial discharge is the most characteristic sign. All 


the signs may disappear within ten days of delivery, 
though this is not usual. 

Connected with parturition, the question of viability 
of the child is not unimportant. After the intra-uterine 
age of seven months is reached a child is certainly via- 
ble. The period at which the foetus becomes viable 
cannot be stated with certainty; but five calendar 
months, or one hundred and fifty days, is perhaps the 
nearest approximation which can be made. The via- 
bility of a child is judged by its size and weight, its 
general state of development, the state of the skin, 
hair, and nails, its strength or feebleness, the ability to 
ery, and its power of taking maternal nourishment. 
The question of viability has important bearings upon 
the crime of infanticide, and the succession to property. 

The subject of swperfectation, or the possibility of 
two conceptions having occurred resulting in the birth 
of twins with a considerable intervening interval, is a 
very obscure one, and has given rise to much contro- 
versy,—its existence being afirmed by some medical 
jurists, and denied by others. There is much, how- 
ever (e. g., the existence of a double or bifid womb), to 
countenance the view that a double conception is pos- 
sible. 

In the curious case of a man marrying a woman 
having possession of an estate of inheritance, and by 
her having issue born alive and capable of inheriting 
her estate, the man on the death of his wife holds her - 
lands for life as a tenant by the ‘‘curtesy’’ of England. 
Here the meaning of ‘born alive’’ is different from 
the meaning of the same expression as used respecting 
infanticide. In questions of tenancy by the curtesy it 
has been decided that any kind of motion of the child, 
as a twitching and tremulous motion of the lips, is 
sufficient evidence of live-birth. As regards infanticide, 
proof of a conclusive separate existence of the child is 
demanded before live-birth is admitted. 

8. Monsters and Hermaphrodites.—To destroy any 
living human birth, however unlike a human creature 
it may be, is to commit a crime. Blackstone states 
that a monster which hath not the shape of mankind 
hath no inheritable blood; but the law has not defined 
a monster, nor what constitutes a human form. The 
same author states that if, in spite of deformity, the 

roduct of birth has human shape, it may be an heir. 
ermaphrodites are beings with malformations of the 
sexual organs, simulating a double sex. Physiologists 
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do not admit, however, the existence of true hermaph- 
rodites with double perfect organs, capable of perform- 
ing the functions of both sexes. 

9. Paternity and Affiliation.—These are often mat- 
ters of great doubt. A considerable time may elapse 
between the absence or death of a father and the birth 
of his reputed child. As has already been said, three 
hundred days is the utmost limit to which physiologists 
would extend the period of utero-gestation. This sub- 
ject involves questions respecting children born during 
a second marriage of the mother, posthumous chil- 
dren, bastardy, and alleged cases of posthumous chil- 
dren. 

10. Presumption of Survivorship.—W hen two or more 
persons perish by a common accident, when a mother 
and her new-born child are found dead, and in a few 
analogous cases, important civil rights may depend 
upon the question a lived the longest; and great 
ingenuity has been displayed in elucidating the dis- 
putes which have arisen in the law courts in such cases. 

ll. Maladies Exempting from Discharge of Public 
Duties frequently demand the attention of the medical 
man. He may be called upon to decide whether a 
man is able to undertake military or naval service, to 
act as a juryman without serious risk to life or health, 
or to attend as a witness at a trial. An endeavor to 
give a fearless and honest certificate should animate 
the medical man in the discharge of this delicate duty. 

12. Feigned and Simulated Diseases often require 
much skill and acuteness in order to detect the impos- 
ture. Where there is reason to suppose that a disease 
is simulated, much caution as to procedure is also re- 
quired. 

13. Insanity or Mental Alienation.—This subject pre- 
sents an enormous field to the medical jurist. A med- 
ical man may be required to give evidence in any of 
the law courts, civil, criminal, or ecclesiastical, before 
commissions de lunatico inqwirendo, or before a mag- 
istrate, as to the sanity or insanity of an individual; 
and he may have to sign certificates of unsoundness of 
mind with the view of providing for the safe eustody 
and proper treatment of a lunatic. Hence he must be 
familiar with the chief forms of insanity (see INSAN- 
rry), and be able to distinguish and treat each of these. 
He will also be required to detect feigned insanity, and 
to examine persons charged with crime with the view 
of preventing real lunatics from being treated as crim- 
inals. 

The terms ‘‘unsoundness of mind,”’ applied to the 
condition of the mind itself, and ‘‘non compos mentis’’ to 
the person whose mind is affected, are legal terms ap- 
plied to insanity. Lawyers have disputed as to whether 
unbecility should or should not be included under the 
head of insanity; but medical men include under this 
category all disorders or defects of the mind which 
disqualify a person for managing his affairs, and enter- 
ing into a binding contract, or which render the, indi- 
vidual morally irresponsible for his or her otherwise 
. criminal actions. There is good legal authority for 
recognizing four forms of unsoundness of mind—rdiocy, 
dementia, mania, and monomania. 

The chief questions respecting unsoundness of mind 
which present themselves to the medical jurist are—is 
the person of sound or unsound mind; if unsound, are 
there real lucid intervals; is he fit to manage his affairs, 
to contract a marriage, or to execute a will; is he dan- 
gerous to others? 

As grounds for restraint, the law recognizes only these 
conditions—danger to himself, inability to manage his 
own affairs and property, and danger to the person of 
others. Before an individual can be placed under re- 
straint in an asylum the certificates of two medical men 
must be obtained, and the formal order of a relation or 
friend. The certificates to be valid must be signed by 
legally qualified medical practitioners having no interest, 
direct or indirect, in the patient, or in the asylum to 
which he is to be sent. The medical examiners must 
pay separate visits, each medical man examining the 
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patient separately. The certificates, which remain valid 
for seven days only, must bear the exact address of the 
lunatic, his occupation, and the date of the examina- 
tion; they must also set forth distinctly the grounds of 
the opinion they express, under the separate heads of 
facts observed by the examiner, and facts (to be speci- 
fied) communicated by others. In the case of pauper 
lunatics one medical certificate only is required, which 
is supplemented by an order from a justice of the 
peace. In urgent cases also one medical certificate 
suffices for incarceration in an asylum, provided that 
within three days of the patient’s reception two other 
such certificates are signed by two other medical prac- 
titioners, not being connected with the asylum, upon a 
like examination. The superintendent or proprietor of 
the asylum must in all cases forward to the commis- 
sioners of lunacy a notice of admission within one clear 
day from the patient’s admission. Any infringement 
of the statutory regulations subjects the person who 
commits it to a heavy penalty. 


II, INJURIES TO THE PERSON. 


1. Defloration —The signs of defloration are obscure and 
uncertain; and it is rather by the coexistence of several 
of the usual marks than the existence of any one sign, that 
any just conclusion ean be arrived at. 

2. Rape.—This crime consists in the carnal knowledge 
of a woman forcibly and against her will. The resistance 
must be to the utmost, else the crime of rape has not been 
committed in the legal sense of the word. The proofs of 
rape, accordingly, apart from the consistency of the 
woman’s story, mainly depend on the presence of the signs 
of defloration, and on marks of injury on the man. 

3. Mutilation —This may consist in the cutting or maim- 
ing of any member; castration is the most important, and 
perhaps but rarely effected as a crime. Self-mutilation, 
giving rise to false accusations, is occasionally resorted to. 

4. Criminal Abortion—The crime of abortion consists in 
unlawfully administering to a woman, or causing to be 
taken by her (whether she be with child or not), with in- 
tent to procure her miscarriage, any poison or noxious 
thing, or using for the same purpose any instrument or 
other means whatsoever; also in the use of the same means, 
with the same intent, by any woman being with child. 

5. Homicide.—The legal sense of the term homicide ex- 
cludes such injuries as are the result of either accident or 
of suicide. It embraces murder or wilful homicide, man- 
slaughter or culpable homicide, casual homicide, and justi- 
fiable homicide. 

As a preliminary in all cases of homicide, it is the duty 
of the medical jurist in the first place to ascertain the fact 
of death, and to distinguish between real and apparent 
death; and then to determine, if possible, the period at 
which death took place. 

Infanticide or child murder is by the British law treated 
with the same severity as the murder of an adult. Indeed 
infanticide as a crime distinct from murder has no legal 
recognition. Practically this severity defeats itself, and 
offences which are really cases of child murder are often 
treated simply as cases of concealment of birth. The in- 
iquity of the old law which threw the onus of proof of 
still-birth on the mother now no longer exists, and the law 
demands strict proof of live-birth at the hands of the pros- 
ecution. Hence the subject involves very nice points of 
forensic medicine. The child must be proved to have 
arrived at the period when there was a probability of its 
living (proof of viability); and as the establishment of 
respiration is necessary to prove live-birth the evidences 
of this act must be carefully investigated. The size and 
position of the lungs, and the state of the vessels concerned 
in foetal circulation, must be carefully noted. The fetal 
lungs are dark, dense, and liver-like in appearance and 
consistence, and sink when immersed in water; whilst the 
fully respired lungs are rosy, marbled, and soft and crepit- 
ant when handled. Minor degrees of respiration are recog- 
nized by the appearance of little groups of dilated air- 
vesicles, and by the fact that, although the lungs as a whole 
may sink in water, certain portions of them, into which 
respired air has penetrated, float in water even after sub- 
jection to firm pressure in the hand. Care must be taken, 
nevertheless, to exclude buoyancy of the lung due to putre- 
faction; in this case the air may be expelled by gentle 
pressure, and the previously buoyant portion of lung now 
sinks in water. It is impossible, however, to distinguish 
certainly between a lung naturally inflated and one artifi- 
cially insufflated. 

It must be borne in mind that, although live-birth cannot 
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be affirmed in the absence of signs of respiration, the pres- 
ence of these signs is not proof of live-birth in the legal 
sense of the term. The law demands for live-birth a sepa- 
rate existence of the child after delivery; and breathing 
may take place whilst the child is still either wholly or 
partially within the maternal passages, and in some special 
eases whilst still within the womb itself. 

When proofs of respiration—it may be to such an extent 
as to leave no doubt as to live-birth—have been found, the 
cause of death is then to be investigated. Wounds, and 

‘other forms of injury, must be sought for. There may be 
signs of strangulation, suffocation, puncture of the fonta- 
nelles, and consequent injury to the brain, the administra- 
tion of a poison, or other means of procuring death. It 
must be borne in mind that some of these causes may be 
brought about by omission, or even by accident. Thus 
strangulation may arise from natural and-unrelieved press- 
ure of the navel string on the neck of the child; suffoca- 
tion from immersion of the face of the child in the mater- 
nal discharges, or by pressure of clothes on the mouth. 
Death may result from hemorrhage through neglect to tie 
the navel string, or the infant may perish from exposure 
to cold. 

In the case of exposed infants it is very important to 
ascertain the real mother. As such exposure usually takes 
place soon after birth, comparison of the age of the infant 
with the signs of recent delivery in the suspected mother 
is the best method of proving the relation. 

Ordinary homicide may be accomplished by several modes 
that may sometimes be ascertained by examination of the 
body. Of one of the most important of these consideration 
is deferred to the article PoIsoNns. 

Death by asphyxia is a common mode of accomplishing 
homicide, as by suffocation, drowning, hanging, strangula- 
tion, or by exposure to mephitic air. Suicide and accidental 
death from these causes are still more common, (1) Drown- 
ing is thought to produce death occasionally by the sudden- 
ness of the shock causing suspension of the functions of 
circulation and respiration—by shock without a struggle. 


The usual mode of death appears, however, to be by the | 


circulation of unoxygenated blood through the brain acting 
as a poison upon that organ ; and this is attended with all the 
phenomena of asphyxia, as in suffocation. The phenomena 
attending asphyxia are as follows :—As soon as the oxygen 
in the arterial blood, through exclusion of air, sinks below 
the normal, the respiratory movements grow deeper and at 
the same time more frequent; both the inspiratory and ex- 
piratory phases are exaggerated, the supplementary respir- 
atory muscles are brought into play, and the breathing be- 
comes hurried. As the blood becomes more and more ven- 


ous, the respiratory movements continue to increase both | 


in force and frequency. Very soon the expiratory move- 
ments become more marked than the inspiratory, and every 
muscle which can in any way assist in expiration is brought 
into play. The orderly expiratory movements culminate 
in expiratory convulsions; these violent efforts speedily 
exhaust the nervous system, and the convulsions suddenly 
cease and are followed by a period of calm. The calm is 
one of exhaustion ; all expiratory active movements have 
ceased, and all the muscles of the body are flaccid and 
quiet. But at long intervals lengthened deep inspiratory 
movements take place; then these movements become less 
frequent; the rhythm becomes irregular, so that each 
breath becomes a more and more prolonged gasp, which 
becomes at last a convulsive stretching of the whole body ; 
‘and with extended limbs and a straightened trunk, with 
the head thrown back, the mouth widely open, the face 
drawn, and the nostrils dilated, the last breath is taken. 
The above phenomena are not all observed except in cases 
of sudden and entire exclusion of airfrom the lungs. In 
slow asphyxia, where the supply of air is gradually dimin- 
ished (e. g., in drowning), the phenomena are fundament- 
ally the same, but with minor differences. The appear- 
ances of the body after death from drowning are various. 
There may be pallor of the countenance, or this may be livid 
and swollen. The air passages are filled with frothy 
mucus, and there may be water in the stomach. The ends 
of the fingers are often excoriated from grasping at objects ; 
and weeds, ete., are sometimes found grasped in the hands. 
The distinction between murder and suicide by drowning 
‘ean rarely be made out by examination of the body alone, 
and is usually decided from collateral circumstances or 
warks of astruggle. Attention must also be paid to the 
existence of wounds on the body, marks of strangulation 
on tl*e neck, and the like. (2) Hanging may result in death 
from asphyxia, or, as is more particularly the case in judi- 
cial hanging, some injury is inflicted on the upper portion 
of the spinal cord, resulting in instant death. The ordi- 
nary appearances of death from asphyxia may be found: 
dark fluid blood, congestion of the brain, intensely con- 
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gested lungs, the right cavities of the heart full, and the 
left comparatively empty of blood, and general engorge- 
ment of the viscera. Ecchymosis may be found beneath the 
site of the cord, or a mere parchmenty appearance. There 
may even be no mark of the cord visible. The mark, 
when present, usually follows an oblique course, and is 
high up the neck. The fact that a body may be suspended 
after death, and that if this be done speedily whilst the 
body is still warm there may be a post-mortem mark undis- 
tinguishable from the mark observed in death from hang- 
ing, must not be forgotten. (3) Suffocation may occur from 
the impaction of any substance in the glottis, or by cover- 
ing up the mouth and nose, It is frequently of accidental 
origin, as when substances become accidentally impacted 
in the throat, and when infants are overlaid. The phenom- 
ena are those of pure asphyxia, which have already been 
detailed. On post-mortem examination the surface of the 
lungs is found covered with minute extravasations of 
blood, known as punctated ecchymosis. (4) Strangulation 
may be accomplished by drawing a cord tightly round the 
neck or by forcibly compressing the windpipe (throttling). 
Hence there may be either a circular mark round the 
neck, not so oblique as after hanging, or the marks of the 
fingers may be found about the region of the larynx. The 
cartilaginous structures of the larynx and windpipe may 
be broken. The mark of the ligature is often low down in 
the neck. The signs of asphyxia are present in a marked 
degree. (5) Mephitism.—Death from the inhalation of ir- 
respirable gases is a mode of assassination seldom employed, 
but is frequently resorted to on the Continent by suicides, 
charcoal fumes being commonly used for the purpose (see 
POISONS). 

6. Death from Starvation.—Cases occur in which it is im- 
portant to distinguish this from other modes of death. In 
such cases the skin becomes harsh and dry, and may ac- 
quire a peculiar odor; the subcutaneous fat disappears ; 
the gums shrink away from the teeth; the tongue and 
mouth become dark-colored and dry; the eyes are blood- 
shot; the intestines become thin and their coats translu- 
cent; the gall-bladder is distended. The period of total 
abstinence from food required to kill an adult is unknown, 
and greatly depends upon whether there be access to 
liquid. In some cases persons have been able to subsist on 
little or no nourishment for long periods, the body being in 
a state of quasi-hibernation. 

7. Death from Extremes of Temperature-—(1) Death from 
cold is not often observed in the British Isles. A portion 
only of the body, as the extremity of a limb, may perish 
from extreme cold. After the first sensation of tingling 
experienced on exposure to severe cold, loss of sensation 
supervenes, with languor and an irresistible propensity to 
sleep. The tendency to this forms an extreme danger in 
such cases. (2) Death from extreme heat usually occurs 
in the form of burning and scalding, attended with destruc- 
tion of a large portion of the cutaneous structures. Here 
the cause of death is obvious. The human body is capable 
of exposure to very hot air—as is seen in Turkish baths— 
for a considerable period with impunity. Sunstroke is a 
cerebral affection brought on by too great exposure to a 
hot atmosphere, especially whilst undergoing fatigue. 

8. Death by Lightning.—Lightning or an artificial clectric 
current may cause instant death. No visible marks of the 
effects of the electric current may be left, or the body 
may be singed or discolored, or the skin may be perforated 
at one or two spots. 

9. Wounds.—The examination of wounds, whether fatal 
or not, often becomes an important branch of forensic 
medicine, Wounds are usually divided into contused, 
lacerated, incised, punctured, and gunshot wounds. For pois- 
oned wounds see Porsons. Each kind of wound requires 
to be minutely examined and described, as they are in ap- 
proved works onsurgery. The degree of danger from each 
should be familiar to the medical jurist; and he should rec- 
ollect that there is no wound which may not become inci- 
dentally fatal from improper treatment, peculiarities of con- 
stitution, or accidental inoculation with septic material. 
Punectured wounds or stabs require minuteattention ; for 
there have been instances in which death has been produced 
by an instrument so small as a pin thrust into a vital part, 
Wounds of the head are always dangerous, especially if the 
blow has been severe. The person so wounded may die 
without division of the skin, or fracture of the bones, as 
happens in what is known as concussion of the brain, Con- 
tusions which do not divide the skin may fracture the 
skull; or the inner table of the skull may be fractured 
without the outer being broken ordepressed. Hyen wounds 
of the scalp may prove fatal, from inflammation extending 
towards the brain. Punctured wounds of the head are 
more dangerous than cuts, as more likely to excite fatal 
inflammation. When the brain and its membranes are in- 


792 


jured, all such wounds are generally fatal. Woundsof the 
face or organs of sense are often dangerous, always disfigur- 
ing, and productive of serious inconvenience. Wounds of 
the neck are always very serious wherever more than the 
skin is divided. The danger of opening large blood-ves- 
sels, or wounding important nerves, is imminent; even 
the division of a large vein in the neck has proved imme- 
diately fatal, from the entrance of air into the vessel, and 
its speedy conveyance to the heart, A blow on the neck 
has instantly proved fatal, from injury to an important 
nerve, generally the pneumogastric or the sympathetic. 
Dislocations and fractures of the bones of the neck prove 
instantly fatal. Wounds of the chest are always serious 
when the cavity is penetrated, though persons may recover 
from wounds of the lungs, and have even survived forsome 
time considerable wounds of the heart. This last is an im- 
portant fact; because we are not always to consider the spot 
where the body of a person killed by a wound of the heart, 
and apparently remaining where he fell, is found as that in 
which the fatal wound was inflicted. Instances have oc- 
curred of persons surviving severe wounds of the heart for 
several days. Broken ribs are never without danger; and 
the same may be said of severe contusions of the chest, 
from the chance of inflammation extending inwards. 
Wounds penetrating both sides of the chest are generally 
considered as fatal; but possibly there may be recovery 
from such. Wounds of the abdomen, when they do not com- 
pletely penetrate, may be considered as simple wounds, un- 
fess when inflicted with great force, so as to bruise the con- 
tents of the abdominal cavity ; in that case they may pro- 
duce death without breach of surface, from rupture of some 
viscus, as sometimes happens from blows or kicks upon the 
belly. Wounds injuring the peritoneum are highly peril- 
ous, from the risk of severe inflammation. Wounds of the 
stomach or intestines, or of the gall-bladder, generally 
prove mortal, from the effusion of their contents into the 
peritoneal cavity producing fatal inflammation. Wounds 
of the liver, spleen, or kidneys are generally soon mortal, 
from the great vascularity of those organs. Wounds of 
the extremities, when fatal, may generally be considered 
so from excessive haemorrhage, from the consequences of 
inflammation and gangrene, or from the shock to the sys- 
tem when large portions of the limb are forcibly removed, as 
in accidents from machinery, and in wounds from firearms, 

10. Poisonous Food.—Under certain conditions, various 
articles of diet, especially butcher meat, eggs, milk, butter, 
cheese, and honey, may become possessed of poisonous prop- 
erties, and this may arise from a variety of causes besides 
the introduction of known and_ specific poisons. More- 
over, certain kinds of animal food—fish chiefly—may have 
definite toxic properties. Iood may be more or less poison- 
ous— 1) from unsoundness, either from putridity or decom- 
position or disease ; (2) from the presence of parasites ; (3) 
from mouldiness, or presence of deleterious microscopic 
fungi; and (4) where the flesh is that of animals which 
have fed on noxious plants,—and under this head may also 
be classed poisonous honey, which bees have gathered from 
poisonous plants. (5) It may be of the nature of poison- 
ous fish, using the term fish inthe popularsense. (6) Cer- 
tain fungi or mushrooms are poisonous. Parasitic diseases 
would, strictly speaking, come under the first head; but the 
preventive measures to be adopted in the use of food infested 
with parasites will alone be treated of in this place. 

(1) Poisonous Vegetables—Unsound or even rotten vege- 
tables and fruits may be consumed, and become fertile 
sources of varied forms of poisoning, especially in hot sum- 
mers. The symptoms produced by the ingestion of large 
quantities of unsound fruit or vegetables are of a diarrheal 
character, not often of an alarming severity, except in the 
cases of the young and feeble. They may, however, some- 
times attain a fatal severity. The cause is usually obvious, 
and the treatment is simple: mild purgatives, as rhubarb 
wor castor oil, with or followed by opiates, to remove peccant 
matters from the intestines; and stimulants, as ammonia 
or alcohol, if there be much collapse. Certain fungi or 
mushrooms are known to be specifically poisonous, such as 
the Amanita muscaria, or fly-fungus, and others. Certain 
kinds of mushrooms, usually innocuous, are occasionally 
poisonous or deleterious; and the cause of this is not al- 
ways clear. Poisonous fungi produce narcotic and irritant 
symptoms. 

(2) Poisonous, Tainted, or Putrid Meat.—The obvious cha- 
racteristics of good sound flesh meat are that its color is red 
—neither pale pink nor deep purple; that it is marbled in 
‘appearance ; firm and elastic to the touch, scarcely moisten- 
ing the fingers; having a slight and not unpleasant odor ; 
‘and that when exposed to the air for a day or two it should 
neither become dry on the surface nor wet and sodden, 
‘Sound meat is acid to litmus paper ; unsound meat may be 
meutral or alkaline. Meat may be tainted with physic ad- 
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ministered to the animal. It is a common practice, when 
a fat and valuable animal is unwell, to physic it, and if its 
recovery be not speedy to slaughter it. The meat of such 
animals may often be met with in our markets, and may in- 
duce illness from the physie with which it is contaminated. 
The effects of simple putridity are most varied. It is well 
known that some nations habitually eat putrid meat, and 
even prefer it to fresh; and the development of rottenness 
in eggs for the epicure is an art in China. There is no 
doubt that habit has much to do with the tolerance by the 
stomach of putrid meat, whether cooked or uncooked. But: 
tainted game, and indeed all kinds of meat in which putre- 
faction has commenced, may indubitably produce disease. 
This is chiefly of a diarrhceal character, preceded by rigors, 
and attended with collapse and, it may be, convulsions and 
other signs of a profound affection of the nervous system. 
The effects of such tainted meat are slight as compared 
with those which are produced by the sausage-poison, de- 
veloped by a sort of modified putrefaction in certain Ger- 
man sausages. These sausages, when they become musty 
and soft in their interior, nauseous in odor and flavor, and 
strongly acid to test paper, acquire a highly poisonous 
character, and are frequently fatal in their effects. The 
symptoms produced by the use of poisonous flesh are gastric 
pain, vomiting, diarrhcea, depression, coldness of the limbs, 
and weak irregular action of the heart. Fatal cases end in 
convulsions and oppressed respiration, death ensuing from 
the third to the eighth day. The nature of the sausage- 
poison, which is probably akin to that of putrid and indeed 
all non-specifically tainted meats, has been a matter of con- 
siderable controversy. Some have held that the poisonous 
action is due to the development of rancid fatty acids; 
others believe that a so-called catalytic body is produced, 
capable of setting up by contact a similar catalytie action. 
Others have regarded the sausage-poison as due to the 
formation of pyrogeneous acids during the drying or smok- 
ing of the sausages. ‘The recent discovery by Selmi of a 
class of poisonous alkaloids or amides, termed ptomaines, 
developed during putrefaction of animal matters, on the 
one hand, and the discovery by Ballard and Klein, still 
more recently, that the fatally poisonous properties of hams 
prepared according to the American method may be due to 
the presence of a parasitic bacillus, point to one or other 
of these two latter causes as that of the effects of sausage- 
poison. Others again have referred the effects to the pres- 
ence of a microscopic fungus—Sarcina botulina. 

The poisonous nature of the flesh of animals which have 
fed on certain plants—for example, hares which have fed 
on certain species of rhododendron, pheasants on the kalmia 
shrub, ete.—has been abundantly demonstrated, and need 
only be referred to here. The honey from bees which have 
garnered on poisonous plants, as the azalea, may likewise be 
deleterious; and the fact is of classic interest. The milk 
even of goats which have browsed on poisonous herbs has 
also proved poisonous. « 

(3) Diseased Meat.—The poisonous effects of meat affected 
with certain parasites —trichine, cysticerci, trematodes, 
etc.—is an undoubted fact. Great quantities of meat pass 
through our markets which is undoubtedly the flesh of an-. 
imals affected with disease, such as foot-and-mouth disease, 
pleuro-pneumonia, pig typhoid, the so-called scarlatina of 
swine, sheep-pox, etc.; and the question is quite undecided 
as to whether such flesh produces any injurious effects. To 
stop the sale of such meat would be to cut off large sources 
of our meat supplies. The evils attending the use of such 
diseased meat, when well cooked, have undoubtedly been 
exaggerated ;. but, on the other hand, there is enough eyi- 
dence to show that the use of certain kinds of diseased meat 
may be followed by serious results. Thus it is generally 
admitted that the flesh of animals which have suffered from 
pleuro-pneumonia and murrain will give rise to boils and 


carbuncles. Braxy mutton may also produce disease when 
eaten. ‘Trichinee will produce trichinosis, flukes, the tape- 
worm, etc. Hams are occasionally fatally poisonous; and 


this has been traced to the presence of certain low organisms 
known as bacilli. 

(4) Poisonous Fish.—Fish is sometimes a poisonous article 
of food. Cases of poisoning by the so-called shell-fish of 
the British islands are not unfrequently met with. Gen- 
erally it is the eating of crabs, lobsters, and mussels which 
produces such results. These are usually of a distressing 
rather than of a serious character, nettle-rash being a com- 
mon symptom, Occasionally, however, fatal results have en- 
sued from the use of mussels. In tropical seas poisonous fish 
are more plentiful—the golden sardine, the bladder-fish, the 
gray snapper, etc. ; aud, these being eaten by larger fish, as 
the barracuda, perch, globe-fish, conger eel, ete., the latter 
may in turn become poisonous. 

Good cookery, that is, exposure to a sufficiently high 
temperature for a sufliciently lengthened time, is undoubt- 
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edly the best measure to adopt short of absolute destruction 
of unsound and diseased meat. So long as meat is high- 
priced, and the effects of diseased meat so little understood 
and so undefined, it will be impossible to induce medical 
officers of health and sanitary inspectors to seize all the 
diseased and unsound meat which is daily offered for sale. 
Notwithstanding all that has been said to the contrary, ex- 
perienced observers are pretty well agreed that thorough ex- 
posure of the meat throughout to the temperature at which 
albumen is coagulated is destructive to the parasites of flesh, 
Smoking is less effective. Salting is more effective than 
smoking; but there is some evidence to show that salting 
may merely hold the life of organisms in suspense without 
entirely destroying their vitality; and thus in the conver- 
sion of salted pork into hams—a process of re-salting and a 
subsequent drying—the specific germ (a bacillus) has been 
known to be again rendered harmful. it is not known 
whether eflicient cooking entirely removes the deleterious 
effects of flesh affected with other than parasitic disease, as 
for example pleuro-pneumonia, 

The curative measures for the results of eating poisonous 
food cannot be specifically described. They are those which 
must be arrived at on general principles. Symptoms are 
to be treated, and the powers of the patient sustained until 
the deleterious matter is removed by the ordinary channels, 
or the trichine have become encysted. 


History oF ForENSIC MEDICINE. 


The true origin of medical jurisprudence is of compara- 
tively recent date, although traces of its principles may be 
perceived in remote times. Among the ancient Greeks the 
principles of medical science appear only to have been ap- 
plied to legislation in certain questions relating to legit- 
imacy. In the writings of Galen we find, however, remarks 
on the differences between the fetal and the adult lungs; 
he also treats of the legitimacy of seven months’ children, 
and discusses feigned diseases. Turning to Rome, we find 
that the laws of the Twelve Tables fix three hundred days 
as the extreme duration of utero-gestation. It is doubtful 
whether the Roman law authorized medical inspections of 
dead bodies. In the code of Justinian we find De Statu 
Hominum ; De Penis et Manumissis ; De Sicariis ; De Inspi- 
ciendo Ventre Custodiendoque Partu ; De Muliere que peperit 
undecimo mense ; De Impotentia ; De Hermaphroditis,—titles 
which show obvious traces of a recognized connection be- 
tween medicine and law. It was not, however, by the tes- 
timony of living medical witnesses that such questions were 
to be settled, but on the authority of Hippocrates. 

Medical jurisprudence, as a science, dates only from the 
16th century. In 1507 the bishop of Bamberg introduced a 
penal code in which the necessity of medical evidence in 
certain cases was recognized; and in 1532 the emperor 
Charles V. persuaded the diet of Ratisbon to adopt an uni- 
form code of German penal jurisprudence, in which the 
civil magistrate was enjoined in all cases of doubt or difli- 
culty to obtain the evidence of medical witnesses,—as in 
cases of personal injuries, infanticide, pretended pregnancy, 
simulated diseases, and poisoning. The true dawn of for- 
ensic medicine dates, however, from the publication in 1553 
of the Constitutio Criminalis Carolina in Germany. A few 
years later Weiher, a physician, having undertaken to prove 
that witches and demoniacs are, in fact, persons subject to 
hypochondriasis and hysteria, and should not be punished, 
aroused popular indignation, and was with difficulty res- 
cued from the flames by his patron, William duke of Cleves. 
‘ At the close of the 16th century Ambroise Paré wrote on 
‘monsters, on simulated ‘diseases, and on the art of drawing 
up medico-legal reports; Pineau also published his treatise on 
virginity and defloration, About thesame time as these stim- 
uli to the study of forensic medicine were being made known 
in Paris, the first systematic treatise on the science appeared 
in Sicily in the form of a treatise De Relationibus Medicorum 
by Fidele. Paulo Zacchia, the illustrious Roman medical 
jurist, moreover, published from 1621 to 1635 a work enti- 
tled Questiones Medico-Legales, which marks a new era in 
the history of the science,—a work which displays an im- 
mense amount of learning and sagacity in an age when 
chemistry was in its infancy, and physiology very imper- 
fectly understood. The discovery of the circulation of the 
blood by Harvey soon followed, and gave a new impetus to 
the study of those branches of forensic medicine having 
direct relations to physiology; and to Harvey we owe the 
idea how to apply Galen’s observations on the differences 
between the foetal and the adult lungs to the elucidation 
of cases of supposed infanticide. About this time, too, 
Sebiz published two treatises, on the signs of virginity and 
on the examination of wounds respectively. In the former 
he contended that the hymen was the real mark of virgin- 
ity; but this was denied by Augenio and Gassendi. In 
1663 Bartholin, a Danish physician, investigated the period 
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of human uterine gestation, a subject which had engaged 
the attention of Aristotle. He also proposed the “ hydro- 
static test” for the determination of live-birth—a test 
still in use, and applied by observing whether the lungs of 
an infant float or sink in water. Swammerdam explained 
the rationale of the process in 1677; but it was not till 1682 
that it was first practically applied by Jan Schreyer. 

Germany, ever the leader in questions of forensic medi- 
cine, introduced the first public lectures on medical juris- 
prudence. Michaelis gave the first course about the middle 
of the 17th century in the university of Leipsic; and these 
were followed by the lectures of Bohn, who also published De 
Renunciatione Vulnerum ; cui accesserunt Dissertationes bine 
de partu enecato, et an quis vivus mortuusve aquis submersus, 
strangulatus, aut vulneratus fuerit, and De Officiis Medici Du- 
plicis, Clinici et Forensis. Welsch and Amman wrote on the 
fatality of wounds, and Licetus on monsters, 

From the time of Ambroise Paré the mode of conducting 
investigations in forensic medicine had attracted attention 
in France; and in 1603 Henry LV. authorized his physi- 
cian to appoint persons skilled in medicine and surgery to 
make medico-legal inspections and reports in all cities and 
royal jurisdictions; in 1692, difficulties having arisen, 
Louis XIV. created hereditary royal physicians and sur- 
geons for the performance of like duties. These, having 
become a corrupt and venal body, were suppressed in 1790. 
The only works on forensic medicine which appeared in 
France during the 17th century, however, were Gendry’s 
Sur les Moyens de bien rapporter a Justice, and Blégny’s Doe- 
trine des rapports en Chirurgie. At the beginning of the 18th 
century the latter was superseded asa text-book by Devaux’s 
L/art de faire des rapports en Chirurgie. Valentini followed 
with two works which were finally incorporated in his 
Corpus Juris Medico-Legale, which appeared in 1722. This 
work is a vast storehouse of medico-legal information, and 
a summary of the knowledge of the time. 

Professorships for teaching the subject were founded in 
the German universities early in the 18th century, and 
numerous treatises on forensic medicine were published, 
Teichmeyer’s Institutiones Medicine Legalis long formed the 
text-book of the subject; and Alberti, professor of legal 
medicine at Halle, in his Systema gave to the world a most 
complete and laborious treatise on the science. His indus- 
trious collection of facts renders his works a precious mine 
of information. Indeed towards the close of last cen- 
tury the Germans were almost the only cultivators of legal 
medicine. But in France the celebrated case of Ville- 
blanche attracted attention to the subject, and called forth 
Louis, who in a memoir on utero-gestation attacked with 
powerful arguments the pretended instances of protracted 
pregnancy, and paved the way for the adoption in the 
Code Napoléon of three hundred days as the limit of utero- 
gestation, a period in precise accordance with the ancient 
Roman law of the Twelve Tables. Louis also wrote on 
death from hanging, and pointed out the mode by which 
we may distinguish murder from suicide under such cir- 
cumstances. It is he who is credited with having been the 
first in Franee to publicly teach the just application of 
medical knowledge to jurisprudence. Foderé’s celebrated 
Traité de Médecme Légale appeared in 1798, and marks a 
new era in the annals of legal medicine. 

No British author wrote systematically on forensic med- 
icine till 1788, when Dr. Samuel Farr published a short 
treatise on the Elements of Medical Jurisprudence; but this 
was merely an abridgment of an earlier work of Fazelius. 
Previous writers, as Mead, Munro, Denman, Percival, and 
the two Hunters, had, however, dealt with fragments of 
the subject; nevertheless the science as a whole was little 
appreciated or recognized in this country during the last 
century. 

In the present century France took the lead; and the 
institution of three professorships of forensic medicine at 
the end of the 18th century produced excellent fruits. In 
1814 Orfila, a Spaniard by birth, but naturalized in France, 
published his Toxicologie, a work which revolutionized this 
branch of medical jurisprudence, and first placed the 
knowledge of poisons upon a scientific basis. Since the 
time of Orfila, France has never ceased to have one or more 
living medical jurists, among the most recent of whom we 
must enumerate Tardieu, whose treatises on abortion, on 
poisons, on wounds, etc., are justly celebrated. Germany 
too has industriously pursued the subject, and Casper’s 
great work on forensic medicine will ever remain a classic 
in the science. In Russia Dragendorff has greatly contrib- 
uted to our knowledge of poisons. 

Though forensic medicine may be said to have been 
entirely neglected in England till the beginning of the 
present century, its progress has since been by no means 
slow or unimportant; and the subject now forms a recog- 
nized and obligatory portion of medical study. The first 
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lectures delivered in Great Britain were given in the uni- 
versity of Edinburgh in 1801 by the elder Dr. Duncan ; and 
the first professorship was held by his son in 1803, Dr. 
Alfred Swaine Taylor gave the first course of lectures 
delivered in England, at Guy’s Hospital in 1831; and in 
1863 the university of London made forensic medicine a 
separate subject for examination and honors for medical 
graduates. In 1822 there was not in the English language 
any treatise of authority either on medical jurisprudence 
or on any important division of the subject; for it was not till 
the following year that the useful compendium of Paris 
and Fonblauque was published; and eyen half a century 
ago medical jurisprudence may be said to have been almost 
in its infancy as compared with what it ismow. Since 1829 
Great Britain has produced an abundant erop of literature 
on forensic medicine. Sir Robert Christison’s admirable 
treatise on Toxicology, Dr. A. S. Taylor’s Principles and 
Practice of Medical Jurisprudence, the same author’s Ele- 
ments of Medical Jurisprudence, Dr, Guy’s Forensic Medicine, 
and Ogston’s Lectures on Medical Jurisprudence are well- 
known and widely circulated works. The separate 
memoirs of Taylor, Christison, Guy, and others are also 
storehouses of facts and deductions in the science. 
America, too, has not been behindhand in the race. 
Wharton and Stillé’s Manual and Wormley’s Toxicology are 
the best-known works of American authors. (T.8.*) 


MEDICI. This family is renowned in Italian his- 
tory for the extraordinary number of statesmen to 
whom it gave birth, and for its magnificent patronage 
of letters and art. It emerged from private life and 
rose to power by means of a very subtle policy that 
was persistently pursued from generation to generation. 
The origin of the family is buried in obscurity. Some 
court historians indeed declare it to have been founded 
by Perseus, and assert that Benvenuto Cellini’s bronze 
Perseus holding on high the head of Medusa was exe- 
cuted and placed in the Loggia dei Lanzi to symbolize 
the victory of the Medici over the republic. But this 
only proves that the real origin of the family is un- 
known, and equally unknown is the precise signification 
a He Medicean arms—six red balls on a field of 
gold. 


Early 
bearers of 
the name. 


The name appears in Florentine chron- 
icles as early as the close of the 12th cen- 
tury, although only casually mentioned in 
connection with various offices of the republic. The 
first of the family to be a distinct figure in 
history was Salvestro dei Medici, who, in 
the year 1378, took an active part in the revolt of the 
Ciompi—so-called because it was led by a wool-carder 


Salvestro. 


(ciompo), one Michele di Lando, and because the chief 


share in it was taken by the populace, who held the 
reins of government for some time, and sought to 
obtain extended political rights. But although Michele 
di Lando was the nominal chief of the revolt, Salvestro 
dei Medici was its real leader. ‘The latter, although a 
member of the greater guilds, had joined the lesser 
and sought to be at their head, in order to lay the 
foundation of his own power and that of his kindred 
by attacking the Albizzi, who were the leading men of 
the greater guilds. The victory of the Ciompi, how- 
ever, was brief, for the excesses of the lower classes 
brought about a reaction, in which they were crushed, 
and Michele di Lando sent into banishment. Never- 
theless the lesser guilds had gained some ground by 
this riot, and Salvestro dei Medici the great popularity 
at which he had aimed. His policy during that period 
had traced the sole possible road to power in liberty- 
loving Florence. And this was the road henceforth 
pursued by the Medici. 

On Salvestro’s death in 1388 the Albizzi repossessed 
themselves of the government, and conducted the wars 
of the republic. Vieri dei Medici, who seems to have 
been the next head of the family, understanding the 
temper of the times, abstained from becoming a popu- 
lar leader, and left it to his successors to prosecute the 
task under easier conditions. Then, in the 
person of Giovanni, son of Bicei dei Medici 
(1360-1429), another branch of the family arose, and 
became from that time forward its representative 
branch. Indeed this Giovanni may be considered the 
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MEDICT. 


actual founder of Medicean greatness. He took little 
art in political affairs, but realized an immense fortune 
y trade, establishing banks in Italy and abroad, which 
in his successors’ hands became the most efficient en- 
gines of political power. The council of Constance 
(1414-1418) enabled Giovanni dei Medici to realize 
enormous profits. Besides, like his ancestor Salvestro, 
he was a constant supporter of the lesser guilds in 
Florence. Historians record his frequent resistance to 
the Albizzi when they sought to oppress the people 
with heavier taxation, and his endeavors to cause the 
chief weight to fall upon the richer classes. For this 
reason he was in favor of the so-called law of catasto, 
which, by assessing the property of every citizen, pre- 
vented those in power from arbitrarily imposing taxes 
that unjustly burdened the people. In this way, and 
by liberal loans of money to all who were in need of it, 
he gained a reputation that was practically the founda- 
tion-stone of ha grand family edifice. Giovanni dei 
Medici died in 1429, leaving two sons, Cosimo (1389- 
1464) and Lorenzo (1395-1440). From the former pro- 
ceeded the branch that held absolute sway for many 
generations over the nominal republic of Florence, and 
gave to Italy popes like Leo X. and Clement VII. On. 
the extinction of this elder line in the 16th century, the 
younger branch, derived from Lorenzo, Cosimo’s brother, 
seemed to acquire new life, and for two centuries sup- 
plied grand-dukes to Tuscany. Cosimo, ‘ 
surnamed Cosimo the Elder, to distinguish {°° 1Sen 
him from the many others bearing the same 
name, and honored after his death by the title of 
Pater patrice, first succeeded in solving the strange 
problem of becoming absolute ruler of a republic that 
was keenly jealous of its liberty, without holding any 
fixed office, without suppressing any previous form of 
government, and always preserving the appearance and 
demeanor of a private citizen. Born in 1389, he had 
already reached the age of forty at the time of his 
father’s death. He had a certain amount of literary 
culture, and throughout his life showed much taste and 
an earnest love both for letters and art. But his father 
had mainly trained him to commerce, for which he had 
a y ecey liking and aptitude. In fact he was devoted 
to business to the day of his death, and like his fore- 
fathers derived pecuniary advantage from his friendly 
relations with the papal court. He accompanied Pope 
John XXIII. to the council of Constance, transacted 
a vast amount of business in that city, and made very 
large gains. He then travelled in Germany, and after 
his return to Florence discharged seyeral ambassadorial 
missions. Atthe death of his father he was possessed 
of a vast fortune and an extended experience, and in- 
herited the leadership of the opposition to the then 
dominant party of the greater guilds headed by Rinaldo 
degli Albizzi, Palla Strozzi, and Niecold da Uzzano. 
Of gentle and kindly manners, generous in lending and 
even in giving money whenever he could gain popularity 
by that means, at critical moments he frequently came 
to the succor of the Government itself. e was very 
dexterous in turning his private liberalities to account 
for the increase of his political prestige, and showed no 
less acumen and still fewer scruples in making use of 
his political prestige for purposes of pecuniary profit. 
Indeed, whenever his own interests were at stake, he 
showed himself capable of positive villainy, although . 
this was always tempered by calculation. Cosimo 
roved his skill in these knavish arts-during the war 
etween FJorence and Lucca. He had joined the 
Albizzi in urging on this war, and many writers assert 
that he turned it to much pecuniary advantage by 
means of loans to the Government and other banking 
operations. When, however, military affairs went 
badly, Cosimo jomed the discontented populace in 
invectives against the war and those who had con- 
ducted it. This won him an enormous increase of 
popularity, but the hatred of the Albizzi and their 
friends augmented in equal degree, and a_ conflict 
became ineyitable. The Albizzi, who were far more 
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impetuous and impatient than Cosimo, were now bent 
upon revenge. In 1433 one of their own friends, Ber- 
nardo Guadagni, was elected gonfalonier, and there- 
upon Cosimo dei Medici was called to the palace and 
summarily imprisoned in the tower. A general assem- 
bly of the people was convoked and a “‘ balia’’ chosen, 
wits changed the Goyernment and sent Cosimo into 
exile. Undoubtedly the Albizzi party would have pre- 
ferred a heavier sentence, but they did not dare to 
“attempt their enemy’s life, being well aware of the 
great number of his adherents. Cosimo had some 
apprehension that he might be poisoned in prison, but 

ederigo dei Malavolti, captain of the palace guard, 
showed him the utmost kindness, and, in order to soothe 
his fears, voluntarily shared his meals. On the 8d 
October the prisoner was sent to Padua, his allotted 
place of exile. 

The Albizzi speedily saw that they had done either 
too much or too little. While seeking to keep the 
government entirely in their own hands, they beheld 
the continual growth of the Medici mae When it 
was necessary to make a campaign in Romagna against 
the mercenary captains commanding the forces of the 
duke of Milan, it was plainly seen that in banishing 
Cosimo the republic had lost the only citizen banker in 
a position to assist it with considerable loans. ‘The 
Florentines were defeated by Piccinino in 1434, and 
this event greatly increased the public pin iearie a 
against the Albizzi. Meanwhile Cosimo, who had 
gone to Padua as a private individual, was entertained 
there like a prince. ‘Then, being permitted to transfer 
his residence to Venice, he entered on a course of lavish 
expenditure. He was overwhelmed with letters and 
appeals from Florence. Finally, on the Ist of Septem- 
ber, 1434, a signory was elected composed of his 
friends, and his recall was decreed. inaldo degli 
Albizzi determined to oppose it by force, and rushed 
to the Piazza with a band of armed men; but his 
attempt failed, and he left the country to return no 
more. The Medici were now reinstated in all their 
former dignities and honors, and Cosimo, on the even- 
ing of September 6th, rode past the deserted mansions 
of the Albizzi and re-entered his own dwelling after an 
exile of a year. Tor three centuries, dating from that 
moment, the whole history of Florence was connected 
with that of the house of Medici. 

Cosimo’s first thought was to secure himself against 
all future risk of removal from Florence, and accord- 
ingly he drove the most powerful citizens into exile to 
all parts of Italy. Nor did he spare even his former 

litical adversary, Palla Strozzi, although the latter 
had been favorable to him during the recent changes. 
His rigor in this particular case was universally cen- 
sured, ‘but Cosimo would tolerate no rivals in the city, 
and was resolved to abase the great families and estab- 
lish his power by the support of the lower classes. He 
‘was accustomed to say that states could not be ruled by 
paternosters. Still, when cruelty seemed requisite, he 
always contrived that the chief odium of it should fall 
upon others. When Neri Capponi, the valiant soldier 
and able diplomatist, gained great public favor by his 
military prowess, and his influence was further increased 
by the friendship of Baldaccio d’ Anghiari, captain of 
the infantry, Cosimo resolved to weaken his position by 
indirect means. Accordingly, when in 1441 a partisan 
‘of the Medici was elected gonfalonier, Baldaccio was 
instantly summoned to the palace, imprisoned, mur- 
dered, and his body hurled from the window. No one 
could actually fix this crime upon Cosimo, but the 
majority believed that he had thus contrived to rid 
hinneslt of one enemy and cripple another without 
showing his hand. It was impossible for Cosimo 
openly to assume the position of tyrant of Florence, 
nor was it worth his while to become gonfalonier, since 
the term of office only lasted two months. It was 
necessary to discover some other way without resorting 
to violence; he accordingly aa what were then 
designated ‘‘civil methods.’”” He managed to attain 
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his object. by means of the ‘‘balfe.’”” These magis- 
tracies, which were generally renewed every five years, 
placed in the ballot-bags the names of the candidates 
from whom the signory and other chief magistrates 
were to be chosen. As soon as a “‘ balfa’’ favorable to 
Cosimo was formed, he was assured for five years of 
having the government in the hands of men devoted to 
his interests. He had comprehended that the art of 
politics depended rather upon individuals than insti- 
tutions, and that he who ruled men could also dictate 
laws. His foreign policy was no less astute. His great 
wealth enabled him to supply money not only to private 
individuals, but even to foreign potentates. Philippe 
de Comines tells us that Cosimo frequently furnished 
Edward LY. of England with sums amounting to many 
hundred thousand florins. When Tommaso Parentu- 
celli was still a cardinal, and in needy circumstances, 
Cosimo made him considerable loans without demand- 
ing guarantees of payment. On the cardinal’s acces- 
sion to the tiara as Nicholas V. he was naturally very 
well disposed towards Cosimo, and employed the Medici 
bank in Rome in all the affairs of the curia, which 
brought immense profits to the house. At the time 
when Francesco Sforza was striving for the lordship 
of Milan, Cosimo foresaw his approaching triumph, 
showed him great friendship, and aided him with large 
sums of money. Accordingly, when Sforza became 
lord of Milan, Cosimo’s power was doubied. Without 
the title of prince, this merchant showed royal gener- 
osity in his expenditure for the promotion of letters 
and the fine arts. Numerous edifices were raised and 
public works accomplished with his purse. Besides his 
palace in the city, he constructed “ioble villas at Careggi, 
Fiesole, and other places. He built the basilica of 
Fiesole, and that of St. Lorenzo in Florence, and en- 
larged the church and monastery of St. Mark. Even 
in distant Jerusalem he endowed a hospice for the use 
of pilgrims. The artists of the day comprised men 
like Donatello, Brunelleschi, Ghiberti, Luca della Rob- 
bia, and many others, and Cosimo’s magnificent com- 
missions not only developed their powers but stimulated 
other men of wealth to the patronage of art. Without 
being a scholar, Cosimo had a genuine taste for letters, 
and gave them much and efficient patronage. He 
purchased many Greek and Latin manuscripts; he 
opened the first public library at St. Mark’s at his own 
expense, and founded another in the abbey of Fiesole. 
The Greek refugees from Constantinople found a con- 
stant welcome in his palace. During the council of 
Florence (1439-1442), Gemisthus Pletho spoke to him 
with enthusiasm of the Platonic philosophy. Cosimo 
was so deeply attracted by the theme that he decided 
to have the young Marsilio Ficino trained in philosophy 
and Greek learning in order to make a Latin transla- 
tion of the complete works of Plato. And thus a 
version was produced that is still considered one of the 
best extant, and that Platonic academy was founded 
which led to such important results in the history of 
Italian philosophy and letters. On the Ist of August, 
1464, Cosimo breathed his last, at the age of seventy- 
five, while engaged in listening to one of Plato’s dia- 
logues. 

The concluding years of his life had been years of 
little happiness for Florence. Being old and infirm, he 
had left the government to the management of his 
friends, among whom Luca Pitti was one of the more 
powerful, and they had ruled with disorder, corruption, 
and cruelty. The lordship of Florence accordingly 
did not pass'without some difficulty and danger into 
the hands of Piero, surnamed the Gouty, Piero the 
Cosimo’s only surviving legitimate son, Gouty. 
Afflicted by gout, and so terribly crippled that he was 
often only able to use his tongue, the new ruler soon 
discovered that a plot was on foot to overthrow his 
power. However, showing far more courage than he 
was supposed to possess, he had himself borne on a 
litter from his villa to Florence, defeated his enemies’ 
designs, and firmly re-established his authority. But 
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his suecess may be mainly attributed to the enormous 
prestige bequeathed by Cosimo to his posterity. Piero 
died at the end of five years’ reign, on the 38d Decem- 
ber, 1469, leaving two sons, Lorenzo (1449-92) and 
Giuliano (1453-78). The younger, the gentler and 
less ambitious of the pair, was, as we shall presently 
Lorenzo See, quickly removed from the world. — Lor- 
the Magnif- enzo, on the contrary, at once seized the 
aeent. reins of state with a firm grasp, and was, 
chronologically, the second of the great men bestowed 
upon Italy by the house of Medici. In literary talent 
he was immensely superior to Cosimo, but greatly his 
inferior in the conduct of the commercial affairs of the 
house, for which he had neither aptitude nor inclina- 
tion. In polities he had nobler conceptions and higher 
ambitions, but he was more easily carried away by his 
passions, less prudent in his revenge, and more disposed 
to tyranny. He had studied letters from his earliest 
years under the guidance of Ficino and other leading 
. literati of the day, who were constant habitués of the 
Medici palace. At the age of eighteen he visited the 
different courts of Italy in order to gain experience of 
the world and mankind. At his father’s death he was 
only twenty-one years old, but instantly showed his de- 
termination to govern Florence with greater despotism 
than his father or grandfather. He speedily resorted 
to the system of the ‘‘balfe,’’ and was very dexterous 
in causing the first to be chosen to suit his purpose. 
He then proceeded to humiliate the great families and 
exalt those of little account, and this was the policy he 
constantly pursued. His younger brother, Giuliano, 
being of a mild and yielding disposition, had only a 
nominal share in the government. 

Lorenzo’s policy was not exempt from danger, but, 
although prosecuted with Jess caution, it was still the 
old astute and fortunate policy initiated by Cosimo. 
But the grandson bestowed no care upon his commercial 
interests, although squandering his fortune with far 
greater lavishness. Accordingly he was sometimes 
driven to help himself from the public purse without 
ever being able to assist it as Cosimo had done. <All 
this excited blame and enmity against him, while his 
greed in the matter of the alum mines of Volterra, and 
the subsequent sack of that unhappy city, were crimes 
for which there was no excuse. Among his worst ene- 
mies were the Pazzi, and, as they formed a very power- 
ful clan, he sought their ruin by competing with them 
even in business transactions. ‘They were just on the 
point of inheriting the large property of Giovanni 
Bortoied when, in order to prevent this, Lorenzo hur- 
riedly caused a law to be passed that altered the right 
of succession. he hatred of the Pazzi was thereby 
exasperated to fury. And in addition to these things 
there ensued a desperate quarrel with Pope Sixtus LV., 
aman of very impetuous temper, who, on endeavoring 
to erect a state on the frontiers of the Florentine re- 
public for the benefit of his nephews, found a deter- 
mined and successful opponent in Lorenzo. Conse- 
quently the Pazzi and Archbishop Salviati, another 
enemy of Lorenzo, aided by the Laphewe of the pontiff, 
who was himself acquainted with the whole matter, 
determined to put an end to the family. On the 26th 
April, 1478, while Giuliano and Lorenzo were attending 
high mass in the cathedral of Florence, the former was 
mortally stabbed by conspirators, but the latter was able 
to beat back his assailants and escape into the sacristy, 
His life saved, and no longer having to share the goy- 
ernment with a brother, Lorenzo profited by the oppor- 
tunity to wreak cruel vengeance upon his foes. Sev- 
eral of the Pazzi and their followers were hanged from 
the palace windows; others were hacked to pieces, 
dragged through the streets, and east into the Arno, 
while a great many more were condemned to death or 
sent into exile. Lorenzo seemed willing and able to 
become a tyrant. But he stopped short of this point. 
He knew the temper of the city, and had also to look 
to fresh dangers threatening him from without. The 
pope had excommunicated him, put Florence under an 
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interdict, and, being seconded by the Neapolitan king, 
made furious war against the republic. These hostil- 
ities speedily assumed alarming proportions, and the 
Klorentines began to tire of submitting to so many 
hardships in order to support the yoke of a fellow- 


citizen, Lorenzo's hold over Florence seemed endan- 
gered, But he did not lose heart, and, on the con- 


trary, rose superior to the difficulties by which he was 
encompassed, He boldly journeyed to Naples, to the 
court of King Ferdinand of Aragon, who was reputed 
to be as treacherous as he was cruel, and succeeded in 
obtaining from him an honorable peace, that soon led 
to a reconciliation with Sixtus. Thus at last Lorenzo 
found himself complete master of Florence, and was in 
a position to turn his power to account, But,’ as the 
‘“balfe’’ changed every five years, it was always requi- 
site, in order to retain his supremacy, that he should 
be prepared to renew the usual manosuvre at the close 
of that term and have another elected equally fayor- 
able to his aims. ‘This was often a diffieult achieve- 
ment, and Lorenzo showed much dexterity in over- 
coming all obstacles. In 1480 he compassed the institu. 
tion of a new council of seventy, which was practical 
a permanent “ balfa’’ with extended powers, inasmuch 
as it not only elected the chief magistrates, but had 
also the administration of numerous state affairs. But, 
this permanent council of his own devoted adherents 
once formed, his security was firmly established. B 
this means, the chroniclers tell us, ‘liberty was buried,’ 
but the chief affairs of the state were always conducted 
by intelligent and experienced men, who promoted the 
public prosperity. Florence was still ealled a republic ; 
the old institutions were still preserved, if only in name. 
Lorenzo was absolute lord of all, and virtually a tyrant. 
His immorality was scandalous; he kept an army of 
spies, and frequently meddled in the citizens’ most 
private affairs, and exalted men of the lowest condition 
to important offices of the state. Yet, as Quieciardini 
remarks, ‘‘if Ilorence was to have a tyrant, she could 
never have found a better or more pleasant one.”? In 
fact all industry, commerce, and public works made 
enormous progress. The civil equality of modern 
states, which was quite unknown to the Middle Ages, 
was more develo a in Florence than in any other city 
of the world, ven the condition of the peasantry 
was far more prosperous than elsewhere. And Lo- 
renzo's authority was not confined to Tuscany, but was 
also very great throughout the whole of Italy. He 
was on the friendliest terms with Pope Innocent VITT., 
from whom he obtained the exaltation of his son Gio- 
vanni to the cardinalate at the age of fourteen, This 
boy cardinal was afterwards Pope Leo X. From the 
moment of the decease of Sixtus 1V., the union of 
Florence and Rome became the basis of Lorenzo's 
foreign policy. By its means he was able to prevent 
the hatreds and jealousies of the Sforzas of Milan and 
the Aragonese of Naples from bursting into the open 
conflict that long threatened, and after his death act- 
ually caused, the beginning of new and irreparable 
valamities. Hence Lorenzo was styled the needle of 
the Italian compass. 

But the events we have narrated cannot suffice for 
the full comprehension of this complex character, 
unless we add the record of his deeds as a patron of 
letters and his achievements as a writer. His palace 
was the school and resort of illustrious men, ithin 
its walls were trained the two young Medici afterwards 
known tothe world as Lea X, and Clement VIL. Ficino, 
Poliziano, Pico della Mirandola, and all members of the 
Platonic academy were its constant habitués, It was 
here that Pulci gave readings of his AMorgante, and 
Michelangelo essayed the first strokes of his hed Lo- 
renzo’s intellectual powers were of exceptional strength 
and versatility. He could speak with equal fluency on 
painting, sculpture, music, philosophy, and poetry, 

ut his crowning superiority over every other Meecenas 
known to history lay in his active participation in the 
intellectual labors that he promoted. Indeed at certain 
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moments he was positively the leading spirit among 
the literati of his time. He was an elegant prose 
writer, and was likewise a poet of real originality. 
At that period Italians were forsaking erudition in 
order to forward the revival of the national literature 
by recurring to the primitive sources of the spoken 
tongue and popular verse. It is Lorenzo’s lasting 
rlory to have been the initiator of this movement. 

Vithout being, as some have maintained, a poet of 

_ genius, he was certainly a writer of much finish and 
cloquence, and one of ‘Ke first to raise popular poetry 
to the dignity of art. In his Ambra, his Caccia del 
Falcone, and. his Nencia da Barberino, he gives de- 
scriptions of nature and of the rural life that he loved, 
with the graphie power of an acute-and tasteful ob- 
server, joined to an ease of style that occasionally sins 
by excess of homeliness. Both in his art and in his 
politics he leant upon the people. The more oppress- 
ive his government, the more did he seek in his verses 
to incite the public to festivities and lull it to slumber 
by sensual enjoyments. In his Ballate, or songs for 
dancing, and more especially in his carnival songs, a 
kind of verse easton by himself, Lorenzo displayed 
all the best qualities and worst defects of his muse. 
Marvellously and spontaneously elegant, very truthful 
and fresh in style, fertile in fancy and rich in color, 
they are often of a most revolting indecency. And 
these compositions of one filling a princely station in 
the city were often sung by their author in the public 
strects, in the midst of the populace. 
aithas Lorenzo left three sons—Pietro_(1471- 
: 1503), Giovanni (1475-1521), and Giuliano 
(1479-1516). He was succeeded by Pietro, whose rule 
lasted but for two years. During this brief term he 
performed no good deeds, and only displayed inordinate 
vanity and frivolity. His conduct greatly helped to 
foment the hatred between Lodovico Sforza and Ter- 
dinand of Naples, which hastened the coming of the 
French under Charles VIIL., and the renewal of for- 
eign inyasions. No sooner did the French approach 
the frontiers of Tuscany than Pietro, crazed with fear, 
hastened to meet them, and, basely yielding to every 
demand, accepted terms equally humiliating to himself 
and the state. But, returning to Florence, he found 
that the enraged citizens had already decreed his depo- 
sition, in order to reconstitute the republic, and was 
therefore compelled to escape to Venice. His various 
plots to reinstate himself in Florence were all unsuc- 
cessful. At last he went to the south of Italy with 
the French, was drowned at the passage of the Gari- 
liano in 1503, and was buried in the cloister of Monte 
assino. 

The ensuing period was adverse to the Medici, for a 
republican government was maintained in Florence from 
1494 to 1512, and the city remained faithful to its alli- 
ance with the French, who were all-powerful in Italy. 
Cardinal Giovanni, the head of the family, resided in 


Rome, laying the patron to a circle of literati, art- 
ists, and friends, seeking to increase his popularity, and 
calmly waiting for better days. The battle of Ravenna 


wrought the downfall of the fortunes of France in Italy, 
and led to the rise of those of Spain, whose troops en- 
tered Florence to destroy the republic and reinstate the 
Medici. Pietro had now been dead for some time, leay- 
ing a young son, Lorenzo (1492-1519), who was after- 
wards duke of Urbino. The following year (1513) 
Cardinal Giovanni was elected pope, and 


ya eee assumed the name of Leo X. He accord- 
theo 4) ingly moved to Rome, leaving his brother 
yiuliano. Giuliano with his nephew Lorenzo in Flor- 


ence, and accompanied by his cousin Giulio, 
who was a natural son of the Giuliano murdered in the 
conspiracy of the Pazzi, and was soon destined to be a 
cardinal and ultimately a pope. Meanwhile his kins- 
men in Florence continued to govern that city by 
means of a “‘hbalfa,’’ although preserving an empty 
show of republican institutions, And thus, being 
masters of the whole of central Italy, the Medici 
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enjoyed great authority throughout the country, and 
their ambition a el | itself for still higher flights. 
This was the moment when Niccol® Machiavelli, in his 
treatise U’he Prince, counselled them to accomplish the 
unity of Italy by arming the whole country, and expel- 
ling its foreign invaders. 

aa X., who is only indirectly connected with the 
history of Florence, gave his name to the age in which 
he lived in consequence of his magnificent patronage of 
art and letters in Rome. But he was merely a clever 
amateur, and had not the literary gifts of his father 
Lorenzo. He surrounded himself with versifiers and 
inferior writers, who enlivened his board and accom- 
panied him wherever he went. He liked to lead a 
ray and untroubled life, was fond of theatrical per- 
formances, satires, and other intellectual diversions. 
His patronage of the fine arts, his genuine affection 
for Raphael, and the numerous works he caused to be 
executed by him and other artists, have served to confer 
an exaggerated glory on his name. He failed to com- , 
prehend the significance of the great religious move- 
ment, already stirring in Germany, and had not. the 
remotest idea of the grave importance of the Refor- 
mation, which indeed he unconsciously promoted by 
his reckless and shameless sale of indulgences. The 
whole policy of Pope Leo X. consisted in oscillatin 
between France and Spain, in always playing fast anc 
loose, and deceiving both powers in turn. Yet the evil 
results of this contents policy never seemed to dis- 
turb his mind. He finally joined the side of the emperor 
Charles V., and in 1521, at the time of the defeat of the 
French by the Spanish troops on the river Adda, he 
ceased to breathe at his favorite villa of Magliana. 
Giuliano dei Medici had died during Leo’s reign, in 
1516, without having ever done anything worthy of 
record. He was the husband of Philiberta of Savoy, 
was duke of Nemours, and left a natural son, Ippolito 
dei Medici (1511-1535), who afterwards became a car- 
dinal. Lorenzo, being of more ambitious temper, was 
by no means content to remain at the Fad of the 
Florence Goyernment hampered by many restrictions 
imposed by republican institutions, and subject to the 
incessant control of the pope. In his eagerness to 
aggrandize his kinsmen, the latter had further decided 
to give Lorenzo the duchy of Urbino, and formally in- 
vested him in its rights, after expelling on false pre- 
tences its legitimate lord, Francesco Maria della Rovere. 
This prince, however, soon returned to Urbino, where he 
was joyously welcomed by his subjects, and Lorenzo re- 
gained possession only by a war of several months, in 
which he was wounded. In 1519 he also died, worn 
out by disease and excess. By his marriage with Mad- 
eline de la Tour d’ Auvergne, he had one daughter, Cat- 
erina dei Medici (1519-89), married in 1533 to Henry, 
duke of Orleans, afterwards king of France. She 
played a long and sinister part in the history of that 
country. Lorenzo also left a natural son named Aless- 
andro, inheriting the frizzled hair and projecting lips 
of the negro or mulatto slave who had given him tel 
His miserable death will be presently related. Thus the 
only three surviving representatives of the chief branch 
of the Medici, baxdine Giulio, Ippolito, and Alessandro 
were all of illegitimate birth, and left no legitimate 
heirs. 

Cardinal Giulio, who had labored success- 
fully for the reinstatement of his family in 
Florence in 1512, had been long attached to 
the person of Leo X. as his trusted factotum 
and companion. Ile had been generally regarded as © 
the mentor of the pope, who had no liking for hard 
work. But in fact, his frivolity notwithstanding, 
Leo X. always followed his own inclinations. He 
had much aptitude for command, and pursued his 
shuffling policy without any mental anxiety. Giulio, 
on the contrary, shrank from all responsibility, mud- 
dled his brains in weighing the reasons for and against 
every possible decision, and was therefore a better tool 
of government in others’ hands than he was fit to gov- 
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em on his own account, Wher Giiiano and Lorenzo 
died, the pope appointed the cardinal to the government 
of Mlorenee, Ta that pout, reatrieted within the Tinita 
imposed by republican tnatitutions, and aeting under the 
continual direction of Rome, he performed his duties 
filely woll, Te caronwed the citizens with hopes of 
extended Hbertlos, which, aldhough never destined to 
bo fulfilled, long werved to keep men'a nminda ina 
loamait flatter of expectations and when the more 
Hipationt epivith attompled (o yalke a vebellion he 
apeodily quenched thin blood, When, after the death 
of Loo X, and the very brief pontificate of Adrian VE,, 
he wae cloeted pope (1628) under the name of Clement 
VIL, he entrusted the government of Morence to Oar 
(inal Silvio Passwerint conjointly with Alessandro and 
Ippolito, who were still too young to do much on 
thoi own aceount, 

ho pontifieate of Leo X, had been atime of felicity 
bo Himeell Hf of dinaster to Tlaly and the ehiaeh, The 
S rel of Cloment, on the contrary, wae fital to hinigsell 
ad woll, avosult chiefly die to bin hesitating tempor and 
continual uncertainty of mind, Ele poliay, like that of 
Loo X,, conmlated in perpetual opgillation between Mvance 
and Spain, By hia endeavors to trick all the world, he 
froquontly ondod in boing tieked Himself) tn 1625 he 
wan tho ally of the Mrench, who thon muffored a terrible 
defeat ab Pavin, where thete king Mrancia twas taken 

; . yt " ‘ { ‘ "1 ) 
pridoner, ‘The armion of Charles V. tritmphantly 
wdvanced, without Cloment being able to oppose any 
offootial rogiatande, Both Rome and Hlorence were 
threatened with w fearful catwitrophe, 

how far wo have had no occasion to 
apouk of the younger branch of the Medial, 
descended fvom Lorengo, brother to Goalie 
the Wider, Alwaya in obscurity, and alway 
hold in cheek by the elder tine, it now seemed to acquire 
now lilo, and fiat entered Che arena of hintory when the 
other wae on the point of extinction, Tn fiet the mont 
valiant Gapbain ot the papal forced wae GQhovannt dei 
Maodiel, allorwarda known by the name of Giovanni 
dalla Bande Neve, Tia father waa Giovanni, son of 
Pier Irancesco, who was the won of Lorenzo, the 
brother of Cosimo det Medici  Uiatory laa little to 
toll of the elder Giovanni; but tiie wife Caterina 
Store, of whom he was the Ghivd hieband, waa a 
wou of more than masculine vigor CGlovannt dei 
Maciel marvied her in M407, bat died in 1408, leaving 
hor with one son who waa chiriatened Lodoyieo, but 
aflorwarda took Hin fathers name of GQiovannt (1408 
1526), 'ratned (o arma {von tia oarliest yours, this 
youth inherited all the enerey of his mother, whose 
Nioraa blood seamed to infiwe new life into the younger 
branch of the Media, Notwithstanding hin extreme 
youth, he had already aehleved the title of the bet 
ouplain in Taily, tle alwaya fought with immense 
diwh and daring, and wan devotedly loved md obeyed 
by hia soldiery, Elo waa the only loader who opposed 
w determined voaiatanee to the imperial forces, THe 
war worioumly wounded at Pavia when flehting on the 
Monch aide, On hin recovery he ‘oinad the army of 
the Loawne, and was much enraved by finding that the 
dike of Urbino, commander of the Venetian and papal 
forwow, would never decide on attacking, When the 
Imperial (roopa wore sirugeling throweh the mavahes 
ol) Mantua, surrounded on every sida! and without 
afored or ammtinition, Giovanni could not veal hin 
wolf to inactivity like hla colleagues in command, He 
wav ignorant that the imperiatina had jit recelved 
vuppliod and artillory from the duke of TMorrara, and 
therefore daringly attackod them with a small body of 
mon without dalne any precaut ons for defence, One 
of the firt ahote fired by the enemy injured hin ao 
fitally that he died a fow day after, Te was married 
to Marla Salviati, by whom he had one son, Cosimo 
(1h1-1674), born, ad we shall see, to lofty fortunes 
for he became the frat grandedulke of Miweany, ane 
indood the founder of the gvandeduchy and the new 
clynianity’, 
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Meanwhile the imperial army pursued ita march 
tipon Rome, captured the Mtermnal City after a few hours’ 
combat, and cruelly sacked it during many days (1527), 
Thanks to his perpetual shuffling and excessive avarice, 
the pope found himself utterly forsaken, and, being 
unable to defend the city, was ob od toseck refuge in 
the castle of St, Angelo, whence he only effected his 
oxcape after some months, THe then signed a treaty 
of alliance with the emperor (1529), who sent an army 
(0 bealege Mlovence and restore the Medici, whom the 
people had expelled in 1527 on the re-establishment of 
the republic, After an heroic defence, the city was 
forced to surrender (1650); and, although it was ex. 
prodsly stipulated that the ancient liberties of Mlorence 
should be respected, every one foresaw that the condi- 
tions would be violated. In fact, pope and emperor 
immediately began to dispute as to which bent he 
the new lord of the city, Clement VIL, had inherited 
the traditional family dislike for the younger branch of 
Hs i or ‘ the bola Thy pete ae the two bastards 

ppolitoand Alessandro, he former being a 

cardinal, (he latter was chosen, lennandro, prpeikion 
who already bore the tithe of duke of Gitta di 

Ponna, came to Mlorence in 1681, and by imperial patent 
wis nominated head of the republie, According to the 
torme of Chin patent, the former liberty enloved under 
the Medicean rule waa to remain intact, But no pre- 
vious ruler of the city had enjoyed hereditary power 
confirmed by imperial patent, and such power was in- 
compatible with the existence of a republic, Moreover, 
Clement VIL, showed diswatinfietion with the uncer 
tainty of the power conferred upon his kinsman, and 
finally succeeded in obtaining additional privileges, On 
the dth of April, 1682, a parliament was convoked for 
(he last time in Mlorence, and, as usual, approved every 
measure proponed for ora he epi i new 
council was formed of two hundred citizens elected for 
life, forty-eight of which number were to constitute a 
sennlo,  Aledtandro, as-duke of the republic, filled the 
pout of gonfalonier, and carried on the government with 
the assistance of three senators, changed every three 
months, who took the place of the suppressed signory, 

Tho duke's chief advisers, and the contrivers of all 
those arrangements, were Baccio Valori, Francesco 
Vettori, and above all Mvanceseo Cuiceiardini,—men, 
especially the two latter, of lofty political gifts and ex- 
tonsive influence, ‘Nhe mind ait character of Duke 
Alowsandro were ad yeb comparatively unknown, At 
firnt he seemed very anxious to win the fayor of the 
jwoplo, and disposed to rule with justice and prudence. 

sué soon encountering difficulties that he was unable: 
lo overcome, he began to neglect the business of the 
tata, treated bis new office as affording the means for 
increased indulgence in pleasure and vies, and acted ag 
if the sole finetion of government consisted in lalling 
the people by festivities and corrupting it by the disso- 
lilo life of which he wet the example, The question 
of the moment was the transformation of the old re- 
publican régime info a princedom ; as an unavoidable 
reault of thin change it followed that Florence was no 
longer to be the ruling city to whose inhabitants alone 
helonged (he monopoly of political office, When the 
loading Mloventine timilion realized, not only that the 
repub io was dont royed, but that they wore reduced to 
equality with those whom (hey had hitherto regarded 
ad then inferior and subjects, thelr rage was inde- 
wortbable, and lardly a day passed without the de- 
pariure of influential citizens who were resolved to 
achieve the overthrow of thelr new ruler, hey found 
a loader in Cardinal Tppolite dei Medial, 
who was then in Home, embittered by the  pardinal 

é : ppolito, 
preference given to Alewsandro, and anxious 
to become his successor with the least possible delay, 
Uniler the pressure of terror the duke at once beeame 
a tyrant, He garrisoned the different citles, and began 
the erection in Mlorence of the Kortexaa da Basso, built 
chiefly at the expense of Vilippo Strogzi, who a 
wards met his death within ite walls, } 
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Tn 1534 Clement VII. died, and the election fell on 
Paul ILL, from whom Cardinal Ippolito hoped to ob- 
tain assistance for his designs. Accordingly the prin- 
cipal Florentine exiles were despatched on a mission to 
the emperor Charles V. with complaints of Alessandro’s 
tyranny and his shameless violation of the terms upon 
which the city had surrendered. Cardinal Ippolito also 
represented his own willingness to carry on the govern- 
ment of Florence in a more equitable manner, and 
promised the emperor a large sum of money. Reply 
aid delayed by the emperor’s absence, he te “ame sO 
impatient that he set out, accompanied by several ex- 
iles, to meet Charles in Tunis, but on the 10th of 
August, 1535, died suddenly by the way, at Itri, pois- 
oned by order of Alessandro. Such at least was the 
reneral belief, and it was confirmed by the same fate 

efalling other enemies of the duke about the same 
time. On the emperor’s return from Africa, the exiles 
presented themselves to him in Naples, and the vener- 
able patriot Jacopo Nardi pleaded their cause. Duke 
Alessandro, being cited to appear, came to Naples ac- 
companied by Francesco Guicciardini, who by speaking 
in his defence rendered himself odious to all friends of 
liberty, and irretrievably tarnished his illustrious name. 
The cardinal being dead, it was hard to find a successor 
to Alessandro. On this account, and perhaps to some 
extent through the emperor’s personal liking for the 
duke, the latter rose higher than before in the impe- 
rial favor, married Margaret of Austria, the natural 
daughter of Charles, and returned to Florence with 
inereased power. And now Alessandro indulged un- 
checked in the lowest excesses of tyranny, and although 
so recently a bridegroom gave way to increased libertin- 
ism. His whole time was passed in vicious haunts and 
in scandalous adventures. In order to conceal the ob- 
security of his birth, he left his mother to starve, and 
it was even asserted that he finally got rid of her by 
poison. 

His constant associate in this disgraceful 
routine was his distant kinsman Lorenzo, 
generally known as Lorenzino dei Medici. 
Of the younger branch of the Medici, the latter was 
second cousin of the Cosimo already mentioned as the 
son of Giovanni delle Bande Nere. He had much 
culture and literary talent, but led an irregular life, 
sometimes acting like a madman and sometimes like a 
villain. He was a writer of considerable elegance, the 
author of several plays, one of which, the Avidosio, 
was held to be among the best of the age, and he was 
a worshipper of antiquity. Notwithstanding these 
tastes, when in Rome he knocked off the heads of 
some of the finest statues of the age of Adrian, an act 
by which Clement VII. was so incensed that he threat- 
ened to have him hanged. ‘Thereupon Lorenzino fled 
to Ilorence, where he became the friend of Duke Aless- 
andro and his partner in the most licentious excesses. 
They went together to houses of ill-fame, and violated 
private dwellings and convents. ‘They often showed 
themselves in public rhounted on the same horse. All 
Florence eyed them with disgust, but no one foresaw 
the tragedy that was soon to take place. 

On the evening of January 5th, 1537, 


Lorenzino 
dei Medici. 


Assagsi- . 
nationof after a day lige in the usual excesses, 
Pee Lorenzino led the duke to his own lodging, 


and left him there, promising shortly to re- 
turn with the wife of Leonardo Ginori. Alessandro, 
worn-out by the exertions of the day, fell asleep on the 
couch while awaiting Lorenzino’s return. Before long 
the latter came accompanied by a desperado known as 
the Scoronconcolo, who aided him in falling on the 
sleeper. Roused by their first thrusts, the duke fought 
for his life, and was only despatched after a violent 
struggle. The murderers then lifted the body into hed, 
hid it beneath the clothes, and, Lorenzino having at- 
tached a paper to it bearing the words, vincit amor 

atvice, laudumque immensa cupido, they both fled to 

fenice, In that city Lorenzino was assassinated some 
ten years later, in 1548, at the age of thirty-two, by 


799 


order of Alessandro’s successor. Thus he was only 
about twenty-two at the time he committed the murder, 
He wrote an Apologia, in which he defended himself 
with great, skill and eloquence, saying that he had been 
urged to the deed solely by love of liberty. Vor this 
reason alone he had followed the example of Brutus 
and played the part of friend and courtier, The tone 
of this Apologia is so straightforward, sometimes eyen 
so eloquent and lofty, that we should be tempted to 
give it credence were it possible to believe the asser- 
tions of one who not only by his erime but by the in- 
famy of his previous and subsequent career completely 
gave the lie to his vaunted nobility of purpose. By 
Alessandro’s death the elder branch of the Mredict be- 
came extinct, and thus the appearance of the younger 
line was heralded by a bloody crime. 

When the duke’s absence from his own palace was 
discovered on the morning of January 6th, he was at 
first supposed to have spent the night with one of’ his 
mistresses; but soon, some alarm being felt, search was 
made, and Cardinal Cybo was the first to discover the 
murder. HKnjoining the strictest secrecy, he kept the 
corpse concealed for three days, and then had it in- 
terred in the sacristy of San Lorenzo, Meanwhile he 
had hastily summoned Alessandro Vitelli and the other 
captains, so that, by the time Alessandro’s death was 
made public, the city was already filled with troops. 
The cardinal then conyoked the council of forty-eight 
to decide upon a successor. Alessandro’s only issue 
was a natural son named Giulio, aged five. he car- 
dinal favored his election, in the hope of keeping the 
real sovereignty in his own hands. But he speedily 
saw the impossibility of carrying out a design that was 
ridiculed by all. On the other hand, Guicciardini, 
Vettori, and others of the leading citizens favored the 
choice of Cosimo, the son of Giovanni delle Bande 
Nere. He was already in Mlorence, was aged seventeen, 
was keen-witted and aspiring, strong and handsome in 
yerson, heir to the enormous wealth of the Medici, and, 
be the terms of the imperial patent, was Alessandro’s 
lawful successor. Charles V. approved the 
nomination of Cosimo, who without delay 
seized the reins of government with a firm grasp. Like 
Alessandro, he was named head of the republic; and 
Guicciardini and others who had worked hardest in his 
cause hoped to direct him and keep him under their 
control. But Cosimo soon undeceived them by proving 
that, his youth notwithstanding, he had a will of his 
own, and was resolved to rule unshackled by republican 
forms and unhampered by advisers disposed to act as 
mentors. The Ilorentines had now an absolute prince 
who was likewise a statesman of eminent ability. 

On learning the death of Alessandro and the election 
of Cosimo, the exiles appreciated the necessity for 
prompt action, as all delay would be fatal to the over- 
throw of the Medicean rule. They had received money 
and promises from France; they were strengthened by 
the adhesion of Filippo Strozzi and Baccio Valori, who 
had both become hostile to the Medici through the in- 
famous conduct and mad tyranny of Alessandro; and 
Strozzi brought them the help of his enormous fortune 
and the prowess of that very distinguished captain, his 
son Piero, ‘The exiles accordingly met, and assembled 
their forces at Mirandola. They had about four thou- 
sand infantry and three hundred horse; among them 
were members of all the principal Mlorentine families ; 
and their leaders were Bernards Salviati and Piero 
Strozzi. They marched rapidly, and entered Tuscany 
towards the end of July, 1537. Cosimo on this ocea- 
sion displayed signal capacity and presence of mind. 
Fully informed of the exiles’ movements by means of 
his spies, he no sooner Jearned their approach than he 
ordered Alessandro Vitelli to collect the best German, 
Spanish, and Italian infantry at his disposal, and ad- 
vance against the enemy without delay. On the even- 
ing of July 31, Vitelli marched towards Prato with 
seven hundred picked infantry and a band of one bun- 
dred horse, and on the way fell in with other Spanish 
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foot-soldiers who joined the expedition. At early dawn 
the following morning he made a sudden attack on the 
exiles’ advanced guard close to Montemurlo, an old 
fortress converted into a villa belonging to the Nerli. 
Having utterly routed them, he proceeded to storm 
Montemurlo, where Filippo Strozzi and a few of his 
young comrades had taken refuge and barricaded the 
gates. Knowing that they must either conquer or die, 
they made a desperate resistance for some hours, and 
then, overwhelmed by superior numbers, were obliged 
to yield themselves prisoners. The main body of the 
army was still at some distance, having heen detained 
in the mountains by heavy rains and difficult passes, 
and, on learning the defeat at Montemurlo, its leader 
refused to advance, and turned back by the way he 
had come. Alessandro Vitelli then re-entered Florence 
with his victorious army and his fettered captives. 
Cosimo had achieved his first triumph. 

All the prisoners, who were members of great families, 
were brought before Cosimo, and were received by him 
with courteous coldness. Soon, however, a scaffold was 
erected in the Piazza, and on four mornings in succes- 
sion four of the prisoners were beheaded. Then the 
duke saw fit to stay the executions. Baccio Valori, 
however, and his son and nephew were beheaded on 
the 20th of August in the courtyard of the Bargello. 
Filippo Strozzi still survived, confined in the Fortezza 
da Basso, that had been built at his expense. His 
family was illustrious, he had numerous adherents, and 
he enjoyed the protection of the French king. Never- 
theless Cosimo only awaited some plausible pretext to 
rid himself of this dreaded enemy. He brought him 
to trial and had him put to the question. But this 
cruelty led to nothing, for Strozzi denied every accusa- 
tion and bore the torture with much fortitude. On 
December i8th he was found dead in his prison, with 
a blood-stained sword by his side, and a slip of paper 
bearing these words: exoriare aliquis nostris ex ossibus 
ultor. It was believed that, having renounced all hope 
of his life being spared, Strozzi had preferred suicide 
to death at the hands of the executioner. Some, how- 
ever, thought that Cosimo had caused him to be mur- 
dered, and adopted this mode of concealing the crime. 
The young prince’s cold-blooded massacre of his cap- 
tives cast an enduring shadow upon his reign and 
dynasty. But it was henceforward plain to all that he 
was a man of stern resolve, who went straight to his 
end without scruples or half measures. Before long 
he was regarded by many as the incarnation of Machia- 
velli’s Prince, ‘‘inasmuch as he joined daring to talent 
and prudence, was capable of great cruelty, and yet 
could practise mercy in due season.’’ Guicciardini, 
who still pretended to act as mentor, and who on ac- 
count of his many services had a certain influence over 
him, was obliged to withdraw from public life and busy 
himself with writing his //’story at his villa of Arcetri. 
He died in this retreat in 1540, and it was immediately 
rumored that the duke had caused him to be poisoned. 
This shows the estimation in which Cosimo was now 
held. It was true that he punished with death all who 
dared to resist his will. By 1540 sentence of death 
had been pronounced against four hundred and thirty 
contumacious fugitives, and during his reign one hun- 
dred and forty men and six women actually ascended 
the scaffold, without counting those who perished in 
foreign lands by the daggers of his assassins. He re- 
duced the old republican institutions to empty forms, 
by making the magistrates mere creatures of his will. 
He issued the sternest edicts against the rebels, par- 
ticularly by the law known as the ‘‘ Polverina,’’ from 
the name of its proposer Jacopo Polverini. This law 
decreed not only the confiscation of the property of 
exiles, but likewise that of their heirs, even if person- 
ally acquired by the latter. Cosimo ruled like the in- 
dependent sovereign of a great state, and always showed 
the capacity, firmness, and courage demanded by that 
station. Only, his state being small and weak, he was 
forced to rely chiefly upon his personal talent and 
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wealth. It was necessary for him to make heayy loans 
to the different Huropean sovereigns, especially to 
Charles V., the most rapacious of them all, and to 
give enormous bribes to their ambassadors. ‘Besides, 
he had to carry on wars for the extension of his do- 
minions, and neither his inherited wealth nor the large 
sums gained by confiscating the estates of rebellious 
subjects sufficed for all this outlay. He was accord- 
ingly compelled to burden the people with taxes, and 
thus begin at once to diminish its strength. 

Cosimo bore a special grudge against the neighboring 
republics of Siena and Lucca. Although the latter was 
small and weak, and the former garrisoned by Span- 
iards, yet the spectacle of free institutions at the fron- 
tiers of his own state served as a continual incitement 
to subjects disaffected to the new régime, Im fact Hran- 
cesco Burlamacchi, a zealous Lucchese patriot, had con- 
ceived the design of’ re-establishing republican govern- 
ment in all the cities of Tuscany. Cosimo, with the 
emperor’s help, succeeded in having him put to death, 
Lucca, however, was an insignificant state making no 
pretence of rivalry, whereas Siena was an old and for- 
midable foe to Florence, and had always given protec- 
tion to the Florentine exiles. It was now very relue- 
tantly submitting to the presence of a Spanish garrison, 
and, being stimulated by promises of prompt and effica- 
cious assistance from France, rose in rebellion and ex- 
pelled the Spaniards in 1552. Cosimo instantly seized 
the opportunity, wrote to the emperor in terms that 
appealed to his pride, asked leave to attack Siena, and 
begged for troops to ensure the success of his enterprise. 
As no immediate answer arrived, he feigned to begin 
negotiations with Henry II. of France, and, by thus 
arousing the imperial jealousy, obtained a contingent of 
German and Spanish infantry. Then came along and 
bloody war. Siena was besieged for fifteen months, and 
its inhabitants, aided by the valor of Piero Strozzi, who 
fought under the French flag, made a most heroie re- 
sistance, even women and children helping on the walls. 
But fortune was against them. Piero Strozzi sustained 
several defeats, and finally the Sienese, having exhaust- 
ed their ammunition and being decimated by famine 
and the sword, were obliged to capitulate on honorable 
terms that were shamelessly violated. By the varied 
disasters of the siege and the number of fugitives the 
population was reduced from forty to eight thousand 
inhabitants. The republicans, still eager to resist, with- 
drew to Montalcino. Cosimo now ruled the city and 
territory of Siena in the name of Charles V., who al- 
ways refused him its absolute possession. After the 
emperor’s abdication, and the succession of Philip II. 
to the Spanish throne, Cosimo at last obtained Siena 
and Pontoferra by giving up his claim to a sum of 
200,000 ducats that he was to have received from 
Charles V. In 1559 he also captured Montaleino, and 
thus formed the grand-duchy of Tuscany, but he con- 
tinued to govern the new state—v. e., Siena and its ter- 
ritories—separately from the old. His rule was intelli- 
gent, skilful, and despotic; but his enormous expenses 
drove him to raise large sums of money by special con- 
trivances unsuited to the country and the people. 
Hence, notwithstanding the genius of its founder, the 
erand-duchy held from the first the elements of its 
future decay. Cosimo preferred to confer office upon 
men of humble origin in order to have pliable tools, but 
he also liked to be surrounded by a courtier aristocracy 
on the Spanish and French pattern. As no ‘Tuscan 
aristocracy any longer existed, he created new nobles, 
and tempted foreign ones to come by the concession of 
various feudal privileges; and, in order to turn this 
artificial aristocracy to*some account, he founded the 
knightly order of St. Stephen, charged with the de- 
fence of the coast against pirates, which in course of 
time woh much honor by its prowess. He also estab- 
lished a small standing army for the protection of his 
frontiers; but, as we have seen, he generally employed 
German and Spanish troops for his wars, and always 
had a foreign bodyguard. At the commencement of 


> 


MEDICI. 


his reign he opposed the popes in order to maintain the 
independence of his own state ; but later, to obtain help, 
he truckled to them in many ways, even to the extent 
of giving up to the Inquisition his own confidant, Piero 
Carnesecchi, who, being accused of heresy, was be- 
headed and burned in 1567. In reward for these acts 
of submission, the popes showed him friendship, and 


Title of Pius V. granted him the title of grand-duke, 
ti conferring the patent and crown upon him 


in Rome, although the emperor had always 
withheld his consent. Finally, however, the latter con- 
firmed the title to Cosimo’s successor. The measure 
most injurious to Tuscany was the fiscal system of taxes, 
of which the sole aim was to extort the greatest possi- 
ble amount of money. The consequent damage to in- 
dustry, commerce, and agriculture was immense, and, 
added to the devastations caused by the Sienese war, 
led ‘to their utter ruin. Otherwise Cosimo did not neg- 
lect useful measures for the interior prosperity of his 
state. He was no Mecenas, but nevertheless restored 
the Pisan university, enlarged that of Siena, had the 

ublic records classified, and also executed public works 
ike the Santa Trinit& bridge. During the great inun- 
dations of 1557 he turned his whole energy to the relief 
of the sufferers. 

In 1539 he had espoused Hleonora of Toledo, daugh- 
ter of the viceroy of Naples, by whom he had several 
children. Two died in 1562, and their mother soon 
followed them to the grave. It was said that one of 
these boys, Don Garcia, had murdered the other, and 
then been killed by the enraged father. Indeed Cosi- 
mo was further accused of having put his own wife to 
death ; but neither rumor had any foundation. He 
now showed signs of illness and failure of strength. He 
was not old, but worn by the cares of state and self- 
indulgence. Accordingly in 1564 he resigned the goy- 
ernment to his eldest son, who was to act as his lieu- 
tenant, since he wished to remain the virtual head of 
the state and have power to resume the sceptre on any 
emergency. In 1570, by the advice of Pius V., he 
married Camilla Martelli, a young lady of whom he 
had been long enamored. In 1574 he died, at the age 
of fifty-four years and ten months, after a reign of 
thirty-seven years, leaving three sons and one daughter 
besides natural children. ‘These sons were Francesco, 
his successor, who was already at the head of the gov- 
ernment, Cardinal Ferdinand, and Piero. 

Francesco I., born in 1541, began to govern 


PIE sis his father’s lieutenant in 1564, and was 
married in 1565 to the arch-duchess Giovanna 
of Austria. On beginning to reign on his own account 


in 1574, he speedily manifested his real character. His 
training in the hands of a Spanish mother had made 
him suspicious, false and despotic. Holding every one 
aloof, he carried on the government with the assistance 
of a few devoted ministers. He compelled his step- 
mother to retire to a convent, and kept his brothers at 
a distance from Florence. He loved the privileges of 
power without its burdens, Cosimo had known how 
to maintain his independence, but Francesco cast 
himself like a vassal at Austria’s feet. He reaped his 
reward by obtaining from Maximilian II. the title of 
grand-duke, for which Cosimo had never been able to 
win the imperial sanction, but he forfeited all independ- 
ence. Towards Philip IT. he, showed even greater 
submissiveness, supplying him with large sums of money 
wrung from his over-taxed people. He held entirely 
aloof from France, in order not to awake the ong ae a 
of his protectors. In short, under his rule the history 
of Tuscany was reduced to a mere record of local and 
municipal events. To increase his funds, he traded on 
his own account, thus creating a monopoly that was 
ruinous to the country at large, and led to an enormous 
number of failures. He raised the tax upon corn to 
so high a rate that few continued to find any profit in 


owing it, and thus the Maremme, already partly. 


evastated during the war with Siena, were converted 
into a desert. Even industry declined under this sys- 
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tem of government; and, although Francesco founded 
porcelain manufactories and pietra-dura works, they 
did not rise to any prosperity until after his death. 
His love of science and letters was the only Medicean 
virtue that he possessed. He had an absolute passion 
for chemistry, and passed much of his time in his lab- 
oratory. Sometimes indeed he gave audience to his 
secretaries of state standing before a furnace, bellows 
in hand. He took some useful measures to promote 
the rise of a new city at Leghorn, which at that time 
had only a natural and ill-sheltered harbor. The im- 
SN of Leghorn had been first projected by 
Josimo I., and was carried on by all the succeedin 
Medici. Francesco was a slave to his passions, an 
was led by them to scandalous excesses and deeds of 
bloodshed. His example and neglect of the affairs of 
the state soon caused a vast increase of crime even 
among the people, and, during the first eighteen months 
of his reign, there occurred no less than one hundred 
and sixty-eight murders. 

In default of public events, the historians of this 
period enlarge upon private incidents, generally of a 
scandalous or sanguinary kind. In 1575 Orazio Pucci, 
wishing to avenge his father, whom Cosimo had hanged, 
determined to get up a conspiracy, but, soon recog- 
nizing how firmly the Medicean rule had taken root in 
the country, desisted from the attempt. But the grand- 
duke, on hearing of the already abandoned plot, im- 
mediately caused Pucci to be hanged from the same 
window of the Palazzo Vecchio, and even from the 
same iron stanchion, from which his father before 
him had hung. His companions, who had fled to 
France and England, were pursued and murdered by 
the ducal emissaries. Their possessions were con- 
fiscated, and the “‘ Polverina’”’ law applied so that the 
conspirators’ heirs were reduced to penury, and the 
grand-duke gained more than 300,000 ducats. 

Next year Isabella dei Medici, Francesco’s sister, was 
strangled in her nuptial bed by her husband, Paolo 
Giordano Orsini, whom she had betrayed. Piero dei 
Medici, Francesco’s brother, murdered his wife Eleo- 
nora of Toledo from the same motive. Still louder 
scandal was caused by the duke’s own conduct. He 
was already a married man, when, passing one day 
through the Piazza of St. Mark in Pcie: he saw 
an exceedingly beautiful woman at the window of a 
mean dwelling, and at once conceived a passion for 
her. She was the famous Bianca Cappello, a Venetian 
of noble birth, who had eloped with a young Floren- 
tine named Pietro Buonaventuri, to whom she was 
married at the time that she attracted the duke’s gaze. 
He made her acquaintance, and, in order to see her 
frequently, nominated her husband to a post at court. 
Upon this Buonaventuri behaved with so much inso- 
lence, even to the nobility, that ome evening he was 
found murdered in the street. Thus the grand-duke, 
who was thought to have sanctioned the crime, was 
able to indulge his passion unchecked. On the death 
of the grand-duchess in 1578 he was privately united 
to Bianca, and afterwards married her publicly. But 
she had no children, and this served to poison her hap- 
piness, since the next in succession was her bitter 
enemy, the cardinal Ferdinand. The latter came to 
Florence in 1587, and was ostentatiously weleomed by 
Bianca, who was most anxious to conciliate him. On 
October 18th of the same year, the grand-duke died at 
his villa of Poggio a Caiano, of a fever caught on a 
shoofing excursion in the Maremme, and the next day 
Bianca also expired, having ruined her health by drugs 
taken to cure her sterility. But rumor asserted that 
she had prepared a poisoned tart for the cardinal, and 
that, wher he suspiciously insisted on the grand-duke 
tasting it first, Bianca desperately swallowed a slice and 
followed her husband to the tomb. 

Such was the life of Francesco dei Medici, and all 
that can be said in his praise is that he gave liberal 
encouragement to a few artists, including Giovanni 
Bologna, who executed for him the group of the Rape 
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of the Sabines. THe was the.founder of the Uffizi 
gallery, of the Medici theatre, and the villa of Prato- 
lino; and during his reign the Della Cruscan academy 
was instituted. 

ferdinand I. was thirty-eight years of age 
when, in 1587, he succeeded his brother on 
the throne. A. cardinal from the age of 
fourteen, he had never taken holy orders. He showed 
much tact and experience in the management of eccle- 
siastical affairs, Fle was the founder of the Villa Med- 
ici at Rome, and the purchaser of many priceless 
works of art, such as the Niobe group and many other 
statues afterwards transported by him to Vlorence. 
After his accession he retained the cardinal’s purple 
until the time of his marriage. He was in all respects 
his brother's opposite. Affable in his manners and 
generous with his purse, he chose a crest typical of the 
proposed mildness of his rule,—a swarm of bees with 
the motto Majestate tantum. He instantly pardoned 
all who had opposed him, and left his kinsmen at lib- 
erty to choose their own place of residence. Occa- 
sionally, for political reasons, he committed acts un- 
worthy of his character; but he re-established the 
administration of justice, and sedulously attended to 
the business of the state and the welfare of his sub- 
jects. Accordingly Tuscany revived under his rule and 
regained the independence and political dignity that 
his brother had sacrificed to love of ease and personal 
indulgence. He favored commerce, and effectually en- 
sured the prosperity of Leghorn, by an edict. enjoming 
toleration towards Jews and heretics, which led to the 
settlement of many foreigners in that city. He also 
improved the harbor and facilitated communication 
with Pisa by means of the Naviglio, a canal into which 
a portion of the water of the Arno was turned. He 
nevertheless retained the reprehensible custom of’ trad- 
ing on his own account, keeping banks in many cities 
of Kurope. He successfully accomplished the draining 
of the Val di Chiana, cultivated the plains of Pisa, 
Fucecchio, and Val di Nievole, and -exeeuted other 
works of public utility at Siena and Pisa. But his best 
energies were devoted to the foreign poliey by which he 
sought to emancipate himself from subjection to Spain. 
On the assassination (1589) of Henry IIT. of France, 
Ferdinand supported the claims of the king of Navarre, 
undeterred by the opposition of Spain and the Catholic 
League, who were dismayed by the prospect of a 
Huguenot succeeding to the throne of France. He lent 
money to Henry IV., and strongly urged his conyer- 
sion to Catholicism; he helped to persuade the pope 
to accept Henry’s abjuration, and pursued this policy 
with marvellous persistence until his efforts were 
crowned with success. Subsequently, however, Henry 
LV. showed faint gratitude for the benefits conferred 
upon him, and paid no attention to the expostulations 
ot the grand-duke, who then began to slacken his 
relations with France, and showed that he could guard 
his independence by other alliances. He gave liberal 
assistance to Philip TIT. for the campaign of the latter 
in Algiers, and to the emperor for the war with the 
Turks. Hence he was compelled to burden his subjects 
with enormous taxes, forgetting that while guaranteeing 
the independence of Tuscany by his loans to foreign 
powers he was increasingly sapping the strength of 
future generations. He at last succeeded in obtaining 
the formal investiture of Siena, which Spain had 
always considered a fief of her own. 

During this grand-duke’s reign the Tuscan navy was 
notably inereased, and did itself much honor on the 
Mediterranean. The war-galleys of the knights of St. 
Stephen were despatched to the coast of Barbary to at- 
tack Bona, the headquarters of the corgairs, and they 
captured the town with much dash and bravery. And 
in the following year (1608) the same galleys achieved 
their most brilliant victory in the archipelago over the 
stronger fleet of the Turks, by taking nine of their ves- 
sels, seven hundred prisoners, and a store of jewels of 
the value of 2,000,000 ducats, 
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knees for having done their duty. 
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Ferdinand I. died in 1609, leaving four 
sons, of whom the eldest, Cosimo II., suc- 
ceeded to the throne at the age of nineteen. He was 
at first assisted in the government by his mother and a 
council of regency. He had a good disposition, and the 
fortune to reign during a period when Kurope was at 
peace and ‘Tuscany blessed with abundant harvests. 
Of his rule there is little to relate. His chief care 
was given to the galleys of St. Stephen, and he sent 
them to assist the Druses against the Porte. On one: 
occasion he was involved in a quarrel with France. 
Concino Concini, the Marshal d’ Anere, being assassi- 
nated in 1617, Louis XIII. claimed the right of trans- 
ferring the property of the murdered man to De Luynes. 
Cosimo opposed the decision, and, refusing to recognize 
the confiscation decreed by the French tribunals, de- 
manded that Concini’s son should be allowed to inherit. 
Hence followed much ill-feeling and mutual reprisals 
between the two countries, finally brought to an end by 
the intervention of the duke of Lorraine. 

Like his predecessors, Cosimo IT. studied to promote 
the prosperity of Leghorn, and he deserves honor for 
abandoning all commerce on his own account. But it 
was no praiseworthy act to pass a law depriving women 
of almost all rights of inheritance. y this means 
many daughters of the nobility were driven into con- 
vents against their will. He gave scanty attention 
to the general affairs of the state. He was fond of 
luxury, spent freely on publie festivities, and detested 
trouble. ‘Tuscany was apparently tranquil and pros- 
perous; but the decay of which the seeds were sown 
under Cosimo I. and Ferdinand I. was rapidly spread- 
ing, and became before long patent to all and beyond 
all hope of remedy. The best deed done by Cosimo 
Il. was the protection accorded by him to Galileo Ga- 
lilei, who had removed to Padua, and there made some 
of his grandest discoveries. The grand-duke recalled 
him to Florence in 1610, and nominated him court 
mathematician and philosopher. Cosimo died in Feb- 
ruary, 1621, after twelve years of a quiet reign marked 
by no great event. Feeling his end draw near, when he 
was only aged thirty and all his sons were still in their 
childhood, he hastened to arrange his family affairs. 
His mother, Cristina of Lorraine, and his wife, Mad- 
dalena of Austria, were nominated regents and guar- 
dians to his eldest son Ferdinand IL., a boy of ten, 
and a council of four appointed, whose functions were 
regulated by law. Accordingly, after Cosimo’s death, 
the young lerdinand was sent to Rome and Vienna to 
complete his education, and the government of Tuscany 
remained in the hands of two jealous and quarrelsome 
women. Thus the administration of justice and finance 
speedily went to ruin. Out of submissiveness to the 
pope, the regents did not dare to maintain their legit- 
imate right to inherit the duchy of Urbino, and in 1623 
sanctioned the transfer of that right to the holy see. 
They conferred exaggerated privileges on the new Tus- 
can nobility, which became increasingly insolent and 
worthless. ‘They resumed the practice of trading on 
their own account, and, without reaping much benefit 
thereby, did the utmost damage to private enterprise. 

In 1627 Ferdinand IL., then aged seven- 
teen, returned to Italy and assumed the 7¢7@™end 
reins of government; but, being of a very 
gentle disposition, he decided on sharing his power 
with the regents and his brothers, and arranged mat- 
ters in such wise that each was almost independent of 
the other. He gained the love of his subjects by his 
great goodness; and, when Florence and Tuscany were 
cruelly ravaged by the plague in 1630, he showed admi- 
rable courage, and carried out many useful measures. 
But he was totally incapable of energy as a statesman. 
When the pope made bitter complaints because the 
board of health had dared to subject certain monks 
and priests to the necessaty quarantine, the grand- 
duke insisted on his officers asking pardon on their 
n the death in 
1631 of the last duke of Urbino, the pope was allowed 
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to seize the duchy without the slightest opposition on 
the part of Tuscany. As a natural consequence the 
pretensions of the Roman curia became increasingly 
exorbitant; ecclesiastics usurped the functions of the 
state; and the ancient laws of the republic, together 
with the regulations decreed by Cosimo I. as a check 
upon similar abuses, were allowed to become obsolete. 
On the extinction of the line of the Gonzagas at 
Mantua in 1627, war broke out between France on 
the one side and Spain, Germany, and Savoy on the 
other. The grand-duke, uncertain of his policy, 
trimmed his sails according to events. Fortunately 
peace was re-established in 1631. Mantua and Mon- 
ferrata fell to the duke of Nevers, as France had 
always desired. But Europe was again in arms for 
the Thirty Years’ War, and Italy was not at peace. 
Urban VIII. wished to aggrandize his nephews, the 
Barberini, by wresting Castro and Rondsione from 
Odoardo Farnese, duke of Parma and brother-in-law 
to Ferdinand. Farnese determined to maintain his 
rights, and marched his army through Tuscany into 
the territories of the pope, who was greatly alarmed by 
the attack. Naturally the grand-duke was drawn into 
the war to defend his own state and his kinsman. His 
military operations, however, were of the feeblest and 
often the most laughable character. At last, by means 
of the French intervention, peace was made in 1644. 
But, although the pope was forced to yield, he resigned 
none of his ecclesiastical pretensions in Tuscany. It 
was during Ferdinand’s reign that the septuagenarian 
Galileo was obliged to appear before the Inquisition in 
Rome, which treated him with infamous cruelty. On, 
the death of this great and unfortunate man, the 
grand-duke wished to erect a monument to him, but 
was withheld by fear of the opposition of the clergy. 
The dynasty as well as the country now seemed on the 
brink of decay. Two of the grand-duke’s brothers had 
already died childless, and Ippolito, the sole survivor, 
was a cardinal. Accordingly the only remaining heir 
was Cosimo III., married to a wife who held him in 
detestation, and did her best to have her marriage 
annulled or at least obtain a separation. 

Like nearly all his predecessors, Ferdinand II. gave 
liberal patronage to science and letters, greatly aided 
therein by his brother Leopold, who had been trained 
by Galileo Galilei, and who joined with men of learn- 
ing in founding the celebrated academy Del Cimento, 
of which he was named president. This academy 
took for its motto the words Provando e riprovando, 
and followed the experimental method of Galileo. 
Formed in 1657, it was dissolved in 1667 in consequence 
of the jealousies and dissensions of its members, but 
during its brief existence won renown by the number 
and importance of its works. 

6 Cosimo IIT. succeeded his father in 1670. 
osimo ITT. ‘ See AN 
He was weak, vain, bigoted, and hypocritical. 
Tn 1641 he had espoused Louise d’ Orléans, niece of 
Louis XIV., who, being enamored of Duke Charles of 
Lorraine, was very reluctant to come to Italy, and speed- 
ily detested both her husband and his country, of which 
ihe refused to learn the language. She had two sons 
and one daughter, but after the birth of her third child, 
Giovan Gastone, her hatred for her husband increased 
almost to madness. She first withdrew to Poggio a 
Caiano, and then, being unable to get her marriage 
annulled, returned to France, where, although supposed 
to live in conventual seclusion, she passed the greater 
art of her time as a welcome visitor at court. Hven 
eo testamentary dispositions attested the violence of 
her dislike to her husband. ; 

Cosimo’s hypocritical zeal for religion compelled his 
subjects to multiply services and processions, that 
greatly infringed upon their working hours. He wasted 
enormous swims in pensioning converts—eyen those 
from other countries—and in giving rich endowments 
to sanctuaries: Meanwhile funds often failed for the 
payment of Government clerks and soldiers. His court 
was composed of bigots and parasites; he ransacked 
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the world for dainties for his table, adorned his palace 
with costly foreign hangings, had foreign servants, and 
filled his gardens with exotie plants. He purchased 
from the emperor the title of ‘‘ Highness’ in order to 
be the equal of the duke of Savoy. He remained neu- 
tral during the Franco-Spanish war, and submitted to 
every humiliation and requisition exacted by the em- 

eror. He had vague notions of promoting agriculture, 

ut accomplished no results. At one time he caused 
eight hundred families to be brought over from the 
Morea for the cultivation of the Maremme, where all 
of them died of fever. But when, after the revocation of 
the edict of Nantes, French Huguenots offered to apply 
their labor and capital to the same purpose, the grand- 
duke’s religious scruples refused them refuge. So ruin 
fell upon Tuscany. Crime and misery increased, and 
the poor, who only asked for work, were given alms 
and sent oftener to church. This period witnessed the 
rise of many charitable institutions of a religious cha- 
racter under the patronage of the grand-duke, as for in- 
stance the congregation of San Giovanni Battista. But 
these could not remedy the general decay. 

Cosimo’s dominant anxiety regarded the succession 

to the throne. His eldest son Ferdinand died childless 
n 1713. ‘The pleasure-loving Giovan Gastone was 
married to Anna Maria of Saxe-Lauenburg, widow of a 
German prince, a wealthy coarse woman wholly im- 
mersed in domestic occupations, and who seemed little 
likely to give birth to any children. After living with 
her for some time in a Bohemian village, Giovan Gas- 
tone yielded to his dislike to his wife and her country, 
withdrew to France, and ruined his health by his ex- 
cesses. After a brief return to Bohemia he finally sep- 
arated from his wife, by whom he had no family. Thus 
the dynasty was doomed to extinction. Cosimo had a 
yassing idea of reconstituting the Florentine republic, 
brut, this design being discountenanced by the European 
powers, he determined to transfer the succession, after 
the death of Giovan Gastone, to his sister Anna Maria 
Louisa, who in fact survived him. For this purpose he 
proposed to annul the patent of Charles v., but the 
powers objected to this arrangement also, and by the 
treaty of 1718 the quadruple alliance of Germany, 
France, England, and Holland decided that Parma and 
Tuscany should descend to the Spanish Infante Don 
Carlos. ‘The grand-duke made energetic but fruitless 
protests, 

Cosimo IIT. had passed his eightieth year 
at the time of his decease in October, 1723, Gi2vo",, 
and was succeeded by his son Giovan Gas- 
tone, then aged fifty-three. The new sovereign was in 
bad health, worn out by dissipation, and had neither 
ambition nor aptitude for rule. His throne was already 
at the disposal of foreign powers, and his only thought 
on ascending it was to regain strength enough to pass 
the remainder of his days in enjoyment. He dismissed 
the spies, parasites, and bigots that had formed his 
father’s court, abolished the pensions given to converts, 
suppressed several taxes, and prohibited the organized 
espionage established in the family circle. He wished 
to live and let live, and liked the people to be amused. 
Kverything ‘in fact bore a freer and gayer aspect under 
his reign, and the Tuscans seemed to feel renewed at- 
tachment for the dynasty as the moment of its extinc- 
tion drew near. But the grand-duke was too feeble 
and incapable to accomplish any real improvement. 
Surrounded by gay and dissipated young men. he en- 
trusted all the cares of government to a certain Giuliano 
Dami, who drove a profitable trade by the sale of offices 
and privileges. In this way all things were in the hands 
of corrupt individuals; while the grand-duke, compelled 
to pass the greater part of his time in bed, vainly sought 
diversion in the company of buffoons, and was only tor- 
mented by perceiving that all the world disposed of his 
throne without even asking his advice. And when, 
after prolonged opposition, he had resigned himself’ to 
accept Don Carlos as his successor, the latter led a 
Spanish army to the conquest of Naples, an event 
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afterwards leading to the peace. of 1735, by which the 
Tuscan succession was transferred to Francesco IL, 
duke of Lorraine, and husband of Maria Theresa. 
Giovan Gastone was finally obliged to submit even to 
this. Spain withdrew her garrisons from Tuscany, and 
Austrian soldiers took their place and swore fealty to 
the grand-duke on the 5th of February, 1737. He ex- 
pired on the 9th of July of the same year. Such was 
the end of the younger branch of the Medici, which 
had found Tuscany a prosperous country, where art, 
letters, commerce, industry, and agriculture flourished, 
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and left her poor and decayed in all ways, drained by 
taxation, and oppressed by laws contrary to every prin- 
ciple of sound economy, downtrodden by the clergy, 
and burdened by a cue and vicious aristocracy. 
Capponi, Storia della Repubblica di Firenze, Florence, 1875 ; 
Roscoe, Life of Lorenzo dei Medici, and Life of Leo X.; Alfred 
von Reaumont, Lorenzo dei Medici, il Magnifico, Leipsie, 1874 ; 
Galluzzi, Storia del Granducato di Toscana sotto il governo di 
Casa Medici, 5 vols., Florence, 1787; A. von Reaumont, Ge- 


schichte Toscanas seit d. Ende d. florent. Freistaates, 2 vols., 
Gotha, 1876. (P. V.) 
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PART I.—SYNOPTICAL 


Ip the subject-matter of one of the learned 

professions, includes, as it now stands, a wide range 
of scientific knowledge and practical skill. The history 
of its growth from small beginnings in Greece is traced 
in the second section of the present article; it remains 
here to give a synoptical view of medicine, including 
its scientific or philosophical position, its subdivisions 
or ramifications as an art ant discipline, and its rela- 
tions to the body politic. 

Scientific Position of Medicine.—The science of med- 
icine is the theory of disease and of remedies. While 
the notion of disease is necessarily or inevitably corre- 
lated with the notion of health, there is no necessary 
and invariable relation, but, on the other hand, a merely 
conventional association, between a disease and a rem- 
edy. That part of the science of medicine which ecor- 
responds to the theory of remedies is not therefore in a 

osition scientifically inferior to the theory of diseases ; 
or each article of the materia medica—apart from a 
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few inert substances—has a certain effect on the organ- 
ism in health and in disease, which is ascertainable with 
scientific precision. Those properties and actions of 
drugs are the subject of pharmacology and toxicology ; 
the circumstances under which the several articles o 
the materia medica become remedial are the subject 
of therapeutics, and therapeutics is dependent for its 
scientific position upon the completeness of the theory 
of diseases, or pathology. 

Disease is the correlative of health, and the word is 
not capable of a more penetrating definition. From 
the time of Galen, however, it has been usual to speak 
of the life of the body either as proceeding in accordance 
with nature (xara gov, secundum naturam) or as over- 
stepping the bounds of nature (apa ¢boww, preeter nat- 
uram). ‘Taking disease to be a deflexion from the line 
of health, the first requisite of medicine is an extensive 
and intimate acquaintance with the norm of the body. 
The normal condition of the body is capable of being 
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determined without ambiguity; it is the absence from 
its structures and functions of every disease hitherto 
known. The structure and functions of the body form 
the subject of anatomy and physiology. 

Physiology is, strictly speaking, the science of that 


which is cara dbo, or secundum naturam, and it is | 


usual to say that the theory of diseases is based upon 
hysiology. But, although all that was implied in the 

ippoeratie term ¢borc (natura) may be claimed as the 
subject-matter of physiology, yet, in the ordinary con- 
notation of the term, physiology divides the empire 
with anatomy. ‘To physiology the functions of the 
body are usually assigned, and to anatomy its form 
and structure. But, as a matter of fact, the structures 
and functions of the organism are not separable; struc- 
ture is correlated to function, whether active, dormant, 
or extinguished, and in like manner function is the twin 
notion of structure. In the ultimate analysis neither 
term means anything without the other, and both to- 
gether mean life. It is owing mostly to its name that 
ae, is supposed to have a preponderant interest 
or the theory of disease; the word anatomy is not well 
adapted to carry its own half of the structure-and- 
function dualism. Both in the historical develop- 
ment and in the logical connotation, anatomy is as 
much associated with the living and moving body as 
physiology itself; but its etymology has always been 
against it, and it has become more and more difficult 
to retain for anatomy anything beyond the technical- 
ities of the dissecting-room. The subject of general 
anatomy has for the most part disappeared from mod- 
ern text-books, its place being taken by histology, which 
deals with the minute structures of the simple tissues, 
and, in a wider acceptation, with the finer anatomy of 
all the organs and parts of the ‘body. Histology, like 
anatomy, as had a somewhat technical or descriptive 
réle assigned to it; and it is now mainly under phys- 
iology that the processes, activities, or living mechan- 
isms of the body fall to be considered. The develop- 
ment of the body as a whole, and of its several tissues 
and organs, forms the subject of embryology; many of 
the physiological types of diseased processes, especially 
the cellular, are discoverable in the embryological period. 
For the period of development, no arbitrary separation 
has been attempted hitherto between structure and 


function, and embryology is, in theory at least, as 
much physiological as anatomical. The development 


of function is a legitimate and even desirable subject 
of scientific study, and a more distinctive place is prob- 
ably awaiting it in the future; but so indissoluble does 
the union of structure and function present itself in 
the period of genesis and growth that the function 
has fhardly as yet come to be abstracted from the 
structure, or the structure from the function. 

The theory of disease rests, therefore, upon physiol- 
ogy, with its more or less technical adjuncts. Pathology 
is all that physiology is, with the engrossing and difficult 
element of perturbation, deflexion, or shortcoming add- 
ed. By virtue of this element of deviation from the line 
of health, pathology is a discipline apart, with an abun- 
dant literature of its own, and with separate academical 
institutes and chairs. But pathology is also a discipline 
apart by virtue of concepts proper to itself. A great 

art of the theory of disease deals with changes or 
lefects of structure and perturbations or failings of 
function, which may be intricate or difficult to analyze, 
but are still well within sight of the line of health. Such 
are the common diseases of the organs and systems— 
the inflammations, catarrhs, degenerations, hypertro- 
phies, and functional derangements without lesion of 
the respiratory, circulatory, nervous, genito-urinary, 
locomotor, and cutaneous systems. Constitutional or 
general diseases belong also to the province of pertur- 

ations from the physiological course,—such diseases as 
chlorosis, luksemia, diabetes, gout, rheumatism, scurvy, 
rickets, Addison’s disease, exophthalmic goitre, and the 
febrile state. Again, congenital deficiencies or malform- 
ations, non-cancerous tumors, and the repairing of inju- 
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ries exemplify no other laws than those of development 
and growth. 

But with those examples the catalogue of physiological 
diseases is exhausted. We are left with a vast residue 
of diseases, which have always bulked largely in the 
popular mind, and have carried the most terrible asso- 
ciations with them. Such are the pestilences or dis- 
eases of peoples :—the plague, sweating sickness, chol- 
era, yellow fever, typhus fever, relapsing fever, typhoid 
fever, diphtheria, small-pox, measles, scarlet fever, in- 
fluenza, dengue. Such also are the cancers, consump- 
tions, leprosies, and other loathsome infections. his 
enormous residue is more than the half of’ disease, and 
the definition of disease or the scheme of pathology is 
brought to a test in finding room within its scientific 
categories for such maladies as those. The popular 
imagination in all countries has personified them; med- 
icine in its metaphysical period has regarded them as 
entities or things in themselves; and it remains to 
be seen in what way or to what extent medicine in 
its scientific period will bring them within the category 
of perturbations of the physiological life, 

In considering, for a moment, where to place cancer 
in the pathological scheme, we shall arrive at a point of 
view from which the relation of the acute and chronie 
infections (or contagions) to diseases of the physio- 
logical order may be contemplated at least provision- 
ally. Taking cancers, in a generic sense, to mean tumors 
that have acquired or are possessed of malignancy, we 
find that mak tumors have many points in common 
with simple tumors,—that they have grown out of the 
tissues of particular organs or parts under particular 
(functional) circumstances, and that they may, in gen- 
eral terms, be traced back to that point at which they 
left the line of health (see Parnonoay), The tracing 
back of tumors along the physiological track is often 
difficult and laborious; but there is no tumor of the 
body whose origins are not at length discoverable 
within the limits of physiological action. That which 
makes any tumor a cancer is something over and be- 
yond; it is a remarkable acquired property of repro- 
ducing its structure in manifold copies, or of infecting 
the organism of which it is itself a part. he tumor 
thus becomes a semi-independent power within the 
body; it may be said, in a political figure, to have 
acquired autonomy, or to have become dnuperium tin 
imperio. A due consideration of such a phenomenon 
as the infectiveness or cancerousness of some tumors 
will satisfy one that there are concepts in pathology 
which carry the investigator entirely beyond physiolog- 
ical bounds or out of sight of the line of health, which 
bring him face to face with the notion of a disease as 
a thing in itself, and which thus constitute a peculiar 
subject-matter, There is nothing that we know among 
biological phenomena altogether analogous to the semi- 
independence which an integral part of the body, or 
sxondition of the body, manifests towards the organ- 
ism as a whole, and that, too, strictly in respect of its 
acquired devious or rebellious habit. The familiar 
definition of disease, morbus est vita preter naturam, 
which embodies the notion of divergence from the line 
of health, makes no provision for an acquired auton- 
omy of a morbid state; and that definition has to be 
supplemented by another, which will recognize the 

ossibility of a disease becoming a thing in. itself, 
Whe old definition of Van Helmont, morbus est ens 
reale subsistens in corpore, appears to satisfy the re- 
quirement; but that definition, although it grew out 
of the phenomena of disease as observed in fevers, was 
made too general, and has now associations that are too 
exclusively ontological and metaphysical. The supple- 
mentary definition should be as far as possible in the 
terms of the principal definition; and we shall pro- 
vide best in the pathological scheme for such a disease 
as cancer if, in addition to the formula morbus est vita 
preter naturam, we construct a secondary formula, 
morbus est vivum in vivo, . 

The notion of autonomy acquired by a morbid state 
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implies, naturally, a pre-autonomous stage of the dis- 
ease, which had been a mere perturbation of the norm 
of the body, capable of being measured by the physi- 
ological standard. The autonomous stage and the pre- 
autonomous stage, which may be demonstrated, in indi- 
vidual cases, for cancers, are a philosophical necessity 
for all other infective diseases that are marked by mor- 
phological features, or by structural characters rooted 
in and growing out of the proper textures of the body. 
Thus the peculiar skin eruption of small-pox, which is 
communicable from person to person, along with a dis- 
tinctive course of feyer, must have had pre-autonomous 
antecedents (not altogether historically vague) im certain 
casual conditions of the skin and associated constitu- 
tional disturbance, which had recurred and become in- 
veterate, and had so attained to a degree of individuality 
or a point of autonomy at which they began to be propa- 
gated as an organic unit. Again, a second group of 
infections, exemplified by glanders, bovine tubercle, 
and syphilis, are rooted im deeper textural processes, 
which must have been at one time (and may still be) 
set up by the casual operation of ordinary causes, and 
at length became the occasion of infective mimicry. It 
is not so easy to picture (and it is not difficult, with a 
modern dominant school, to ignore) the casual morbid 
conditions or ordinary physiological perturbations out 
of which powerful infections like cholera, typhoid fever, 
or yellow fever may have arisen; but if the rise and 
consolidation of their autonomy be a subtile or even un- 
traceable history, yet there are diseases, such as dysen- 
tery and erysipelas, which are apt to occur both as cas- 
ual or spontaneous conditions and as specific infections 
side by side. Ophthalmia is an example of a purulent 
catarrh which is constantly arising de novo in Egypt 
from local causes in a non-infective manner, and yet 
has become, on at least one memorable occasion, a pow- 
erful and widespread infection for British troops re- 
turning from that country and for the home garrisons 
for many years subsequently. Infective pneumonia in 
cattle, and more rarely in man, is an analogous case. 
In such an episode we observe the actual rise of the 
disease-autonomy. Again, all the infective diseases 
have degrees of intensity, at one extreme of which 
there must occur the vanishing point of their infective 
property ; and those gradations of infectiveness are no- 
where more noticeable than in the relation of cholera 
to choleraic diarrhoea. Further, the remarkable group 
of climatic fevers are not communicable from person to 
person (see MALARIA); in that respect, ha for the 
reason that the liability of the patient is anything but 
exhausted by one attack, they are examples of fevers 


without autonomy. There is not one of the infections | 


that may not be profitably studied from the point of 
view of its autonomy, and of its more or less obscure 
pre-autonomous stage. That is a point of view from 
which even the pestilences and other specific diseases 
may be regarded as coming within the physiological 
categories. The large residue of diseases, which are 
more than perturbations of the physiological life, may 
still be jomed by natural descent to the class of simple 
perturbations, if we can show for them how their auton- 
omy was acquired, or what was their origin as disease- 
species. 

There is an established place in the history of medi- 
cine, and there ought therefore to be room in the def- 
inition of disease, for epidemic outbreaks of purely psy- 
chical diseased states, such as the dancing madness 
(Tanzwuth), and the boys’ crusades; the epidemic dif- 
fusion of such morbid states is best approached from 
the point of view of an acquired autonomy (fixed idea) 
and an infective mimicry. 

The physiological definition of disease, morbus est vita 

reter naturam, affords no place for parasitic diseases. 
owever. the supplementary formula that has been pro- 
posed to meet the case of diseases existing autonomously 
in the body, morbus est vivum in vivo, will meet the case 
of parasitic diseases also. According to many patholo- 
gists of the present generation, the whole class of pesti- 
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lences, fevers, and specific infections generally are caused 
by certain species of minute parasites invading the 
body; according to one form of that hypothesis the 
distinctive characters or specific marks (morphological 
and other) of those diseases are neither more nor less 
than the appropriate effects wrought upon the textures 
and fluids of the body by the respective species of para- 
sites. In this way the great group of infective diseases, 
which are apt to be the stumbling-block of a scientific 
definition and logical scheme of disease, are easily dis- 
posed of by placing them beside the otherwise insig- 
nificant group of parasitic diseases. Whether all or 
any of those diseases are due in a sense to the invasion 
of parasites, or wholly caused by parasites, are questions 
that naturally fall to be settled by a careful sifting of 
a mass of evidence which has already proved to be pe- 
culiarly rich in opportunities for mistake. It may be 
expected that the facts of infective parasitism and the 
facts of acquired disease-autonomy will in the end find 
their place in a common theory of specific diseases, which 
might be expressed in terms of the physiological for- 
mula morbus est vita preter naturam with the rider 
morbus est vivum in vivo. 

The theory of remedies, which forms the second di-- 
vision of the science of medicine, is chiefly based upon 
pharmacology or toxicology. If pharmacology be con- 
sidered as not coextensive with toxicology, it will be 
taken to be in great part pharmacographia, or the sys- 
tematic description of articles of the materia medica— 
their source, preparation, physical properties, and the 
like. ‘Toxicology is in its general sense the inyestiga- 
tion of the physiological action of drugs, a science which 
is largely dependent upon experiments on the lower 
animals; in a more technical sense toxicology relates to 
the effects of poisons and the art of detecting them (see 
Potsons). The physiological action of drugs is the 
key to their therapeutical action. Therapeutics has 
been defined as ‘‘the discovery of the means by which 
a system of forces competent to eliminate any given per- 
turbation may be introduced into the economy.’’ The 
adaptation of remedies to diseases is, however, greatly 
wanting in precision, and continues to be in large part 
empirical and traditional. It may be objected to the 
above definition that all diseases are not reducible to 
the category of “‘ perturbations,’’ and that there is a 
certain scientific justification for the doctrine of spe- 
cifics. Besides the articles of the materia medica proper, 
agencies such as eléctricity, baths, sea-voyages, and 
changes of climate generally, enter into the considera- 
tion of therapeutics, and two of those form the subject 
of special departments, viz., electro-therapeutics and 
hydropathy. Regimen and diet are also important fac- 
tors in the treatment of disease ; according to a conten- 
tion of Hippocrates, it was in the dietetic needs of man- 
kind that the medical art had its origin. 

Subdivisions of Medicine as an Art and Discipline. — 
The medical art (as medendi) breaks away at once from 
the unity of the theory of disease. While there is but one 
body of pathological doctrine for either sex, for every pe- 
riod of life, and for every region and part of the organ- 
ism, the practical art divides itself into departments and 
sub-departments. The most fundamental division is 
into internal and external medicine, or into medicine 
proper and surgery. The treatment of wounds, injuries, 
and deformities, with operative interference in general, 
is the special department of surgical practice (the corre- 
sponding pk of pathology, inelaat ad inflammation, 
repair, and removing tumors, are sometimes grouped 
together as surgical pathology); and where the work 
of the profession is highly subdivided, surgery becomes 
the exclusive province of the surgeon, while internal 
medicine remains to the physician. A third great de- 
partment of practice is formed by obstetric medicine or 
midwifery, and with obstetrics there is usually associated 
gynzecology, or the diseases peculiar to women. Dis- 
eases of children are the subject of a voluminous sep- 
arate literature. Dermatology (diseases of the skin) is 
an important province of practice which, like the 
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diseases of women and children, pertains as much to 
medicine as to surgery. The greatest of the so-called 
special departments of practice is ophthalmology (dis- 
eases and injuries of the eye). Laryngology is a de- 
partment that owes its existence mainly to the inven- 
tion of the laryngoscope, its special province being the 
treatment of the inflammations (ordinary and specific), 
tumors, and the like, to which the larynx is lable in 
common with other parts. Diseases of the ear (otology) 
form even a more restricted department of practice, 
owing to the comparative inaccessibility of the chief 
part of the organ of hearing. The congenital condition 
of deaf-mutism may or may not be taken as falling 
within the province of the last-mentioned subdivision. 
Dentistry or odontology is extremely limited in the 
range of its subject-matter; but it affords great oppor- 
tunities for refinements of technical skill, and it is 
given up to a distinct branch of the profession. 

The care of the weak-minded and the insane (psycho- 
logical medicine) is an integral part of medical prac- 
tice, inasmuch as it is concerned with diseases of the 
nervous system and with numerous correlated states of 
other organs; but it occupies a unique place by reason 
of the engrossing interest of the subjective phenomena, 
Habitual drunkenness is also a subject of special treat- 
ment. 

A state of war, actual or contingent, gives occasion 
to special developments of medical and surgical prac- 
tice (military hygiene and military surgery). Wounds 
caused by projectiles, sabres, ete., are the special sub- 
ject of naval and military surgery; while under the 

ead of military hygiene we may include the general 
subject of ambulances, the sanitary arrangements of 
camps, and the various forms of epidemic camp sick- 
ness. 

The administration of the civil and criminal law in- 
volves frequent relations with medicine, and the pro- 
fessional subjects most likely to arise in that connection, 
together with a summary of causes célebres, are formed 
into the department of medical jurisprudence. It is 
the practice in Great Britain to call independent medi- 
cal evidence on both sides of a cause, whether the pro- 
ceedings be civil or criminal. 

The system of life assurance is based upon the co- 
operation of the medical profession. Heredity, con- 
stitution, and diathesis are here the chief subjects of 
oa consideration, while prognosis is the skilled 
aculty specially called into play. 

Relations of Medicine to the Body Politic.—The 
statutes of the United Kingdom which have direct 
relation to medicine are (1) those relating to the public 
health; (2) those relating to lunacy (and habitual 
drunkenness) ; (3) those relating to the status of the 
medical profession, to dentists, and to pharmaceutical 
chemists; (4) those relating to restrictions on the 
‘‘ practice’ of anatomy and physiology. There are, 
besides, several statutes in which medicine is concerned 
indirectly,—such as the Poor Laws, the Prisons Acts, 
the Shipping Acts; the Registration of Births and 
Deaths Act, the Sale of Food and Drugs Act, the Sale 
of Poisons Act, the Factory and Workshops Act, the 
Artisans’ Dwellings (Metropolitan) Act, the Rivers 
Pollution Prevention Act, the Contagious Diseases 
ae) Act (1878), and the Public Health (Water) 

ct. 


1. Most of the statutes relating to the public health 
in England and Wales were consolidated by an Act of 
1875, the Acts relating to the metropolis being ex- 
cepted; there are separate statutes of about the same 
period for Ireland and Scotland. The system of ad- 
ministration is by local sanitary authorities, in corre- 
spondence with the local government boards in London 
and Dublin and the board of supervision in Edinburgh, 
The board in London has a medical department, con- 
sisting of a chief medical officer, assistant medical 
officer, and inspectors, while the Dublin and Kdin- 


‘burgh boards are professionally advised on a somewhat 


different system. ‘The sanitary authorities throughout 
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the United Kingdom are divided into rural, urban, 
port, and metropolitan (sanitary and nuisance); they 
are formed out of pre-existing bodies, either the cor- 
porations of cities and towns, the improvement com- 
missioners, or the local authorities. A medical officer 
of health is attached to most of the several sanitary 
authorities, or to the combined sanitary authorities of 
a large district; his duties include making reports on 
the death-rate and the causes of mortality, the denun- 
ciation of nuisances and unwholesome dwellings, work- 
shops, etc., inquiries into the local causes or favoring 
circumstances of epidemic outbreaks of disease, meas- 
ures to prevent the spread of contagion (by disinfec- 
tion, isolation, and otherwise), and other more occa- 
sional duties arising under a variety of statutes. Each 
sanitary authority is required by law to appoint an in- 
spector of nuisances, who practically carries out the 
instructions of the medical officer when there is one. 

The Vaccination Acts (consolidated 1871) are an 
important part of the public health law of the king- 
dom; they are administered by the local government 
board, for the most part through the agency of the 
medical profession at large, but in some populous 
parishes also by means of public vaccination stations. 
Raeeiteus under the Acts are instituted by the 
parochial authorities. The practice formerly (and not 
unsuccessfully) resorted to of inoculating with the 
small-pox has been made a criminal offence; but there 
is still much uncertainty as to the theory of vaccina- 
tion, and, in particular, as to the relation of vaccinia 
to variola. 

Other statutes which were not consolidated in the 
Public Health Act of 1875 are the Burials Act, the 
Contagious Diseases Act, and the Quarantine Act. 
The first of these is administered by a department of 
the home office, with a medical inspector. The second 
(1866 and 1869) relates, under a too general title, to 
the regulation of prostitution in certain garrison towns, 
the surgeons under the act being appointed by the 
board of admiralty or the secretary of state for war, 
and the administration otherwise carried out by the 
police. 

The quarantine laws stand in the somewhat anomalous 
position of statutes which it is not thought desirable to 
repeal, while yet they are stripped bare of all their 
executive machinery. The Quarantine Act can be set 
in motion, as occasion arises, by an order of council; 
not only, however, is there no official medical advice at 
the disposal of the privy council, upon which action 
under the act might be taken, but there is not even the 
framework remaining (except the ghost of a quarantine 
station on the Motherbank between Portsmouth and 
the Isle of Wight) of the once considerable quarantine 
establishment, by which the provisions of the Act 
might be enforced. On the other hand, port sanitary 
authorities enjoy certain limited powers under the Pub- 
lic Health Acts of isolating vessels arriving with conta- 
gious sickness on board. A quarantine at’ British 
ports has not been put in force for many years, opinions 
being divided as to the abstract efficacy and suitable- 
ness of quarantine measures to prevent the importa- 
tion and diffusion of plague, cholera, or yellow fever 
(see QUARANTINE). 

Numerous instances having occurred of the extensive 
diffusion of scarlet fever, typhoid fever, and diphtheria 
by means of milk, the privy council has issued an order, 
under the Contagious Diseases (Animals) Act of 1878, 
called the Dairies, Milkshops, and Cowsheds Order, 
with the object of enforcing extreme cleanliness in the 
premises and appurtenances of the milk trade, and 
particularly of guarding against the well-known liability 
of milk to take up effluvia existing or arising near it. 
The order of council having remained inoperative, it is 
proposed to deal with the matter by a new Act of Par- 
liament, to be administered by the local government 
board. While-cows’ milk has thus been recognized by 
the sanitary law as a carrier of certain of the human 
contagia, the milk of diseased cows, and more especially 
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of tuberculous cows, continues to-be sold with impunity, 
the alleged communication of tubercular disease from 
the cow to man being difficult to prove to the satisfac- 
tion of the legislature. The want of constant super- 
vision of the slaughter-houses is thought by many to 
be a serious defect in the sanitary law of the country ; 
and there is no doubt that much flesh of diseased ani- 
mals (especially the tuberculous) is sold merely as in- 
ferior meat. 


Public Health Law of the United States.—Questions of public 
health in the United States come under the common law 
and the statute law. In the larger part of the Union they 
are subject to the common law only; in a certain number 
of the States there is statute law; and there has been since 
1879 a national board of health and a quarantine law estab- 
lished by Act of Congress. Generally speaking, the public 
health procedure of the United States suffers from the want 
of organization. Decisions at common law relate chiefly to 
nuisances, and to the recovery of damages for loss caused by 
the same. The first attempt at statute law was an Act of 
1866 creating a metropolitan sanitary district and board of 
health for the city of New York; in 1869 a board of health 
was created by the State legislature for Massachusetts ; the 
District of Columbia obtained its board of health in 1870; 
and other States have followed at intervals, so that there 
are now at least nineteen State boards of health, New York 
State and Pennsylvania having health boards only for their 
respective capitals and other individual towns. Besides the 
municipal boards in those States, there are very few others 
for towns in the Union, and still fewer for counties. The 
powers and activity of the boards of health are very va- 
rious; the Massachusetts board has powers amounting to 
that of a court, while the function of several of the State 
boards is hardly more than advisory. The sanitary stat- 
utes made by the State legislatures are in some cases very 
numerous. Wherever questions of quarantine for yellow 
fever have arisen, as in Louisiana (New Orleans), Georgia, 
and Alabama, the State board of health has acquired vigor 
and has enlisted popular support, in the capitals at least; 
but in most of the States laissez faire is the ordinary feel- 
ing towards the board and its operations. The medical pro- 
fession in each State is the most powerful force, and the 
State medical society is not unfrequently in a semi-official 
connection with the sanitary board; on the other hand, it 
is alleged that the unfortunate sectarian differences in med- 
icine (represented chiefly by homeopathy) have on several 


occasions prevented the formation of a State board of health, » 


or have tended to paralyze the action of a board already ex- 
isting. It is a charge also against boards of health, or at 
least against those in the great political centres, that their 
efficiency is apt to be impaired by the introduction of irrel- 
evant political considerations in such matters as the making 
of appointments. The first step towards a national public 
health law was gained by the Act (approved 3d March, 1879) 
“to prevent the introduction of infectious or contagious 
diseases into the United States, and to establish a national 
board of health.’ The board consists of seven members 
appointed by the President and of four officials detached 
from the public departments of State. Its duties are ‘to 
obtain information upon all matters affecting the public 
health, to advise the several departments of the govern- 
ment, the executives of the several States, and the com- 
missioners of the District of Columbia, on all questions 
submitted to them, or whenever, in the opinion of the 
board, such advice may tend to the preservation and 
improvement of the public health.” Quarantine was to 
be a special object of the board’s attention, especially the 
establishment, if possible, of a federal quarantine system 
which would preserve the legitimate commercial interests 
of the several States and their seaports. A quarantine law 
passed in 1879 provides that all vessels coming from any 
foreign port where contagious or infectious diseases exist 
shall obtain a bill of health from the consular officer of the 
United States at the port of sailing. One of the principal 
functions of the national board of health hitherto has been 
to institute scientific inquiries into the nature and causa- 
tion of diseases of national importance, such as malarial 
fever. Among the acknowledged desiderata in the national 
sanitary law of the United States are a uniform carrying 
out of the practice of vaccination—there is no vaccination 
law in certain States, and in others it is imperfectly applied 
—and auniform system of registration of births and deaths. 
See Bowditch, Public Hygiene in America, together with a Di- 
gest of American Sanitary Law (by Pickering), Boston, 1877; 
Billings, Introduction to Hygiene and Public Health, edited 
by Buck (Eng. ed., London), and in the Transactions of the 
Internat. Medical Congress, London, 1880, vol. iv., sect. ‘‘ Pub- 
lic Health.” 
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Public Health Law of other Countries.—In France there is 
a council of health for each district, composed of medical 
practitioners, pharmacists, engineers, and other experts, its 
function being purely advisory with respect to nuisances, 
unwholesome dwellings, schools, food, drugs, epidemics, and 
the like. The executive power rests with the prefect (to be 
carried out by the police), and is often not put in motion 
even when advice is tendered. In Paris there are two 
heads of executive, the prefect of the Seine and the prefect 
of police. The minister of agriculture and commerce is re- 
sponsible to the chambers. In Prussia there is a certain 
amount of bureaucratic care of the public health under 
the ministry for ecclesiastical, educational, and medical 
affairs. The minister is advised by a scientific commission 
( Wissenschaftliche Deputation fiir das Medicinalwesen) ;, and 
there is a subordinate board for each provinee, and a med- 
ical officer for each district or town (Kreisphysikus or Stadt- 
physikus). Numerous offences against the public health are 
defined in the code, and penalties fixed (see Eulenberg’s 
work, taken from official sources, Das Medicinalwesen in 
Preussen, Berlin, 1874). 


2. The lunacy laws have been fully treated of in a 
special section of the article INsAnrry (q. v.). By an 
Act of 1879 habitual drunkards have been placed in a 
position somewhat analogous to that of lunatics, and 
there are now existing certain licensed asylums for their 
detention. 

3. The Acts relating to the status of the medical 
profession are known as the Medical Acts. The prin- 
cipal measure, passed in 1858, created a body of twen- 
ty-four, called fh general council of medical education 
and registration; by a subsequent Act the council re- 
ceived a charter of incorporation, so that it might draw 
up, and become the publisher and proprietor of, a list 
and description of officinal drugs, a should be 
called the British Pharmacoperia, and should supersede 
previous pharmacopeias. ‘The principal duty of the 
medical council is to keep a register of qualified medical 
practitioners. The preamble of the Act by which the 
medical register was created asserts the desirability of 
those in want of medical aid being able to distinguish 
qualified from unqualified practitioners; and those 
whose names are on the register are alone presumably 


qualified. ‘To be a registered medical practitioner con- 


ers a certain positive legal status (right to sue for fees, 
hold appointments, give certificates, etc.) ; but there is 
nothing in the English law to. prevent any person 
whomsoever from practising medicine and taking fees, 
provided he does not assume misleading titles. Those 
who are entitled (on payment of five pounds) to have 
their names inserted in the medical register are grad- 
uates in medicine or surgery of the universities of the 
United Kingdom, licentiates, members, or fellows of 
the Royal Colleges of Physicians or Surgeons in Lon- 
don, Dublin, and Edinburgh, licentiates or fellows of 
the Faculty of Physicians and Surgeons of Glasgow, 
and licentiates of the Apothecaries’ Halls of London 
and Dublin. The council consists of the representa- 
tives of those bodies, of six crown nominees, and the 
president. The medical council possesses certain judi- 
cial and executive powers over the names on its register; 
if, after due inquiry, a registered practitioner be judged 
by the medical council to have been guilty of infamous 
conduct in any professional respect, the medical council 
may, if they see fit, direct their registrar to erase the 
practitioner's name from the register. The medical 
council keeps also a register (unpublished) of medical 
students; whoever has passed a recognized examina- 
tion in arts, and has forwarded a certificate signed by 
a teacher of medicine that he has bona Jide begun the 
study of medicine, is entitled to have his name entered 
in the register of students of medicine, with the date 
of his commencement. The object of the students’ 
register is merely to provide a common and convenient 


record of the date of commencement of medical study, 


and, by implication, of the fact that the examination in 
arts has been passed. 

The medical council owes its title of a ‘‘ council of 
education’ to certain powers possessed by it of visiting 
the examinations of the universities and corporations, 
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and certain ill-defined powers of visiting the medical 
schools. ‘The council may, if they see fit, report to the 
privy council any deficiencies that they may have dis- 
covered in the teaching or examining, and the privy 
council may proceed to further steps. Butt, beyond 
publishing the reports of their visitations, the medical 
council do not appear to have had occasion to put the 
machinery in force. ‘The state has not otherwise in- 
terfered to prescribe the subject-matter or the mini- 
“mum standard of medical education, although there 
has been at least one unsuccessful attempt by the Goy- 
ernment of the day to establish a uniform minimum. 
By an Act of ‘1876 parliament has interposed to affirm 
the principle that women are entitled to become regis- 
ed ractitioners of medicine. 
Under the Dentists’ Act of 1878 the profession of 
dentistry acquired a legal status corresponding to that 


of the medical profession, the general medical council | 


haying charge of its register also. 

Pharmaceutical chemists are now licensed under an 
Act passed in 1876; since that date licenses are granted 
only to those who pass either the minor or the major 
examination of the Pharmaceutical Society of Great 
Britain, a Pharmacy Act for Ireland (1876) having 
corresponding provisions. 


The Medical Profession in other Countries—In the United 
States there are usually no restrictions upon the practice of 
medicine, and in only a few of the States has the medical 
profession any legal standing. The ordinary medical title 
is that of doctor of medicine, and that degree is conferred 
by a large number of institutions after a curriculum of 
study that varies much in length, and after examinations 
that are equally various as tests of proficiency. In France 
the medical profession is divided into two grades: those in 
the higher grade are all doctors of medicine of the faculties 
of Paris, Lille, Nancy, Bordeaux, Lyons, or Montpellier; 
those in the lower grade are officiers de santé. In Germany 
the right to practise is conferred bya state license granted 
on passing the staats-examen: the examination, which is 
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| almost entirely oral and practical, may be passed in stages 
at any one of the universities in the empire, the professors 
of anatomy, physiology, and pathological anatomy being 
practically ea-officio examiners, while the other examiners 
are very frequently also professors in the medical faculty. 
The staats-examen is usually passed before the candidate 
seeks the degree of doctor of medicine; that degree is 
almost always taken by those who pass the examination for 
the state license, and it is usually conferred after a more or 
less formal examination of the candidate before the medical 
faculty, and on the approval of his thesis. In Austria, the 
right to practise is carried by the degree of doctor of medi- 
cine; there is no separate state license, and no examination 
except that of the medical faculty of the universities (see 
Billroth’s Lehrenund Lernen der medicinischen Wissenschaft- 
en, Berlin, 1876). In most Continental countries there are 
penalties directed in effect against practising medicine 
without the state license, or the university degree equiva- 
lent thereto, and in France the law now extends to resi- 
dent foreign practitioners who have qualified only in their 
own country. The regulations for the practice of phar- 
macy in Germany and other Continental countries have 
long been of a very stringent kind. The training and 
licensing of midwives is also under state control. 

4, Lastly, the state has interposed to restrict the 
‘practice’ of anatomy and physiology. By the Anat- 
omy Act of 1832 (amended in 1871) licenses are re- 
quired for schools of anatomy, as well as licenses for 
teachers, ‘‘to practise anatomy.’’ Licensed teachers 
| of anatomy are empowered to receive subjects for dis- 
section under certain conditions. The Act is adminis- 
tered by the home office, with a staff of four inspectors 
of anatomy, one for the metropolis, one for provincial 
medical schools in England, and one each for Ireland 
and Scotland. The Act restricting the practice of 
physiology is the Vivisection Act of 1876; it is intend- 
ed for the protection of vertebrate animals liable to be 
employed alive in physiological experiments, and it re- 
sorts to a controlling machinery of license and inspec- 
tion similar to that of the Anatomy Act, and under the 
same Government department. (es2@2) 


PART IL—HISTORY. 


The history of medicine falls naturally under two 
heads, or might be conceivably written from two differ- 
ent points of view. It might be a history of the medi- 
eal profession or a history of medical doctrine,—in 
other words, the history of medicine in its relation to 
society or in its relation to science. We shall here deal 
chiefly with the history of medical knowledge, remem- 
bering also that the histories of anatomy, of physiology, 
and of surgery are dealt with in the articles referring to 
those subjects. But a still more trenchant limitation is 
necessary to preserve the unity of the subject. Atten- 
tion can be given to so much only of the history as is 
directly untecedent to and leads up to the medical 
science of modern Hurope. For this purpose, the his- 
tory of medicine must start with the earlier period of 
Greek civilization. 

Medicine as Portrayed in the Homeric Poems.—In 
the state of society pictured by Homer it is clear that 
medicine has already had a history. We find a dis- 
tinct and organized profession; we find a system of 
treatment, especially in regard to injuries, which it 
must have been the work of long experience to frame ; 
we meet with a nomenclature of parts of the body sub- 
stantially the same (according to Daremberg) as:that 
employed long afterwards in the writings of Hippoc- 
rates; in short, we find a science and an organization 
which, however imperfect as compared with those of 
later times, are yet very far from bane in their begin- 
nig. The Homeric heroes themselves are represented 
as having considerable skill in surgery, and as able to 
attend to ordinary wounds and injuries, but there is 
also a professional class, represented by Machaon and 
Podalirius, the two sons of Asclepius, who are treated 
with great respect. It would appear, too, from the 
Aithiopis of Archinus (quoted by.Welcker and Haeser) 
that the duties of these two were not precisely the same. 
Machaon’s task was more especially to heal injuries, 


while Podalirius had received from his father the gift 
of ‘recognizing what was not visible to the eye, and 
tending what could not be healed.’’ In other words, 
a rough indication is seen of the separation of medicine 
and surgery. Asclepius appears in Homer as a Thes- 
salian king, not as a god, though in later times divine 
honors were paid to him. There is no sign in the Ho- 
meric poems of the subordination of medicine to relig- 
ion which is seen in ancient Heypt and India, nor are 
priests charged, as they were in those countries, with 
medical functions,—all cireumstances which throw 
grave doubts on the commonly received opinion that 
medicine derived its origin in all countries from reélig- 
ious observances. 

Although the actual organization of medicine among 
the Homeric Greeks was thus quite distinct from re- 
ligion, the worship of Asclepius (or Alisculapius) as the 
god of healing demands some notice. This cult spread 
very widely among the Greeks; it had great civil im- 
portance, and lasted even into Christian times; but 
there is no reason to attribute to it any special connec- 
tion with the development of the science or profession 
of medicine. Sick persons repaired, or were conveyed, 
to the temples of Asclepius in order to be healed, just 
as in modern times relief is sought by a devotional pil- 
grimage or from the waters of some sacred spring, and 
then as now the healing influence was sometimes sought 
by deputy. The sick person, or his representative, after 
ablution, prayer, and sacrifice, was made to sleep on the 
hide of the sacrificed animal, or at the feet of the statue 
of the god, while sacred rites were performed. In his 
sleep (incubatio, éy«oiunovc) the appropriate remedy was 
indicated by a dream. Moral or dietetic remedies were 
more often prescribed than drugs. The record of the 
cure was inscribed on the columns or walls of the tem- 
ple; and it has been thought that in this way was in- 
troduced the custom of ‘‘recording cases,’ and that 
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the physicians of the Hippocratic school thus learnt to 
accumulate clinical experience. But the priests of 
Asclepius were not physicians. Although the latter 
were often called Asclepiads, this was in the first place 
to indicate their real or supposed descent from Ascle- 

ius, and in the second place as a complimentary title. 
No medical writing of antiquity speaks of the worship 
of Asclepius in such a way as to imply any connection 
with the ordinary art of healing. The two systems ap- 
pear to have existed side by side, but to have been dis- 
tinct, and if they were ever united it must have been 
before the times of which we have any record. ‘The 
theory of a development of Greek medicine from the 
rites of Asclepius, though defended by eminent names, 
must accordingly be rejécted. 

Development of Medicine in Grreece.—It is only from 
non-medical writers that anything is known of the de- 
velopment of medicine in Greece before the age of 
Hippocrates. The elaborate collections made by Da- 
remberg of medical notices in the poets and historians 
illustrate the relations of the profession to society, but 
do little to prepare us for the Hippocratic period. Nor 
is much importance to be attached to the influence of 
the philosophical sects on medicine except as regards 
the school of Pythagoras. ‘That philosopher and sey- 
eral of his successors were physicians, but we do not 
know in what relation they stood to later medical 
schools. We must therefore hasten onward to the 
age of Pericles, in which Hippocrates, already called 
‘the Great,’’ was in medicine as complete a repre- 
sentative of the highest efforts of the Greek intellect 
as were his contemporaries the great philosophers, 
orators, and tragedians. ‘The medical art as we now 
practise it, the character of the physician as we now 
understand it, both date for us from Hippocrates. The 
justification of this statement is found in the literary 
collection of writings known by his name. Of these cer- 
tainly many are falsely ascribed to the historical Hippoc- 
rates of Cos; others are almost as certainly rightly so 
ascribed; others again are clearly works of his school, 
whether from his hand or not. But which are to be re- 
garded as the ‘‘ genuine works”’ is still uncertain, and 
authorities are conflicting. There are clearly two schools 
represented in the collection,—that of Cnidus in a small 
proportion, and that of Cos in far the larger number of 
the works. The latter was that to which Hippocrates 
belonged, and where he gave instruction ; and accord- 
ingly it may be taken that works of this school, when 
not obviously of a different date, are Hippocratic in 
doctrine if not in actual authorship. 

Hippocratic Medicine.—TVhe first grand characteristic 
of Hippocratic medicine is the high conception of the 
duties and status of the physician, shown in the cel- 
ebrated ‘‘Oath of Hippocrates’? and elsewhere,— 
equally free from the mysticism of a priesthood and 
the vulgar pretensions of a mercenary craft. So ma- 
tured a professional sentiment may perhaps have been 
more the growth of time and organization than the 
work of an individual genius, but certainly corresponds 
with the character universally attributed to Hippocrates 
himself. The second great quality is the singular artistic 
skill and balance with which the Hippocratic physician 
used such materials and tools as he possessed. Here we 
recognize the true Greek cw¢poctvy. But this artistic 
completeness was closely connected with the third 
cardinal virtue of Hippocratic medicine,—the clear 
recognition of disease as being equally with life a pro- 
cess governed by what we should now call natural laws, 
which could be known by observation, and which indi- 
cated the spontaneous and normal direction of recovery, 
by following which alone could the physician succeed. 
In the fourth place, these views of the ‘‘ natural his- 
tory of disease’’ (in modern language) led to habits 
of minute observation and accurate interpretation of 
symptoms, in which the Hippocratic school was un- 
rivalled in antiquity, and has been the model for all 
succeeding ages, so that even in these days, with our 
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clinical medicine may be said to be the method of 
Hippocrates. 

‘he actual science of the Hippocratic school was of 
course very limited. In anatomy and physiology little 
advance had been made, and so of pathology in the 
sense of an explanation of morbid processes or know- 
ledge of diseased structures there could be very little. 
The most valuable intellectual possession was a large 
mass of recorded observations in individual cases and 
epidemics of disease. Whether these observations were’ 
systematic or individual, and how they were recorded, 
are points of which we are quite ignorant, as the theory 
that the votive tablets in the temples supplied such 
materials must be abandoned. 

Though the Hippocratic medicine was so large'y 
founded on observation, it would be an error to sup- 
pose that dogma or theory had no place. The domi- 
nating theory of disease was the hwmoral, which has 
never since ceased to influence medical thought and 
ee pt According to this celebrated theory, the 

ody contains four humors,—blood, phlegm, yellow 
bile, and black bile, a right proportion and mixture 
of which constitute health; improper proportions or 
irregular distribution, disease. te is doubtful whether 
the treatise in which this theory is fully expounded (sep? 
pbowog yen is as old as Hippocrates himself; but 
it was regarded as a Hippocratic doctrine, and, when 
taken up and expanded i Galen, its terms not only 
became the common property of the profession, but 
passed into general literature and common language. 
Another Hippocratic doctrine, the influence of which 
is not even yet exhausted, is that of the healing power 
of nature. Not that Hippocrates taught, as he was 
afterwards reproached with teaching, that nature is 
sufficient for the cure of diseases; for he held strongly 
the efficacy of art. But he recognized, at least in acute 
diseases, a natural process which the humors went 
through,—being first of all crude, then passing through 
coction or digestion, and finally being expelled by reso- 
lution or cris’s through one of the natural channels of 
the body. The duty of the physician was to foresee 
these changes, ‘‘to assist or not to hinder them,’’ so 
that ‘‘the sick man might conquer the disease with the 
help of the physician.’? The times at which crises 
were to be expected were naturally looked for with 
anxiety ; and it was a cardinal point in the Hippoeratic 
system to foretell them with precision. Hippocrates, 
influenced as is thought by the Pythagorean doctrines 
of number, taught that sap were to be expected on 
days fixed by certain numerical rules, in some eases on 
odd, in others on even numbers,—the celebrated doc- 
trine of ‘‘ critical days.’’ This false precision can have 
had no practical value, but may have enforced habits 
of minute observation. It follows from what has been 
said that prognosis, or the art of foretelling the course 
and event of the disease, was a strong point with the 
Hippocratic physicians. In this they hae perhaps 
never been excelled. Diagnosis, or recognition of the 
disease, must have been necessarily imperfect when no 
scientific nosology, or system of disease, existed, and 
the knowledge of anatomy was quite inadequate to 
allow of a precise determination of the seat of disease ; 
but symptoms were no doubt observed and interpreted 
skilfully. The pulse is not spoken of in any of the 
works now attributed to Hippocrates himself, though 
it is mentioned in other works of the collection. 

In the treatment of disease, the Hippoeratic school 
attached ereat importance to diet, the variations neces- 
sary in different diseases being minutely defined. Med- 
icines were regarded as of secondary importance, but 
not neglected, two hundred and sixty-five drugs being 
mentioned at different places in the Hippocratic works. 
Blood-letting was known, but not greatly practised. 
The highest importance was attached to applying all 
remedies at the right moment, and the general princi- 
ple enforced of making all influences—internal and ex- 


_ternal—co-operate for the relief’ of the patient. The 


enormous advances in knowledge, the true method of | principles of treatment just mentioned apply more es- 
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pecially to the cure of acute diseases; but they are the 
most salient characteristics of the Hippocratic school. 
In chronic cases diet, exercise, and natural methods 
were chiefly relied upon. . 

The school of Cnidus, as distinguished from that of 
Cos, of which Hippocrates is the representative, ap- 
pears to have differed in attaching more importance to 
the differences of special diseases, and to have made 
more use of drugs. A treatise on the diseases of women, 
contained in the Hippocratic collection, and of remark- 
able practical value, is attributed to this school. 

The above sketch of Hippocratic medicine will 
make it less necessary to dwall upon the details rela- 
ting to subsequent medical schools or sects in ancient 
times. The general conception of the physician’s aim 
and task remained the same, though, as knowledge 
increased, there was much divergence both in theory and 
practice,—even opposing schools were found to be de- 
veloping some part of the Hippocratic system. Direct 
opponents or repudiators of the authority of Hippoc- 
rates were rare, all generally appealing to his authority. 
But, insensibly, the least valuable part of the Hippo- 
cratie work, the theory, was made permanent ; the most 
valuable, the practical, neglected. 

Post Hippocratic Medicine.—After Hippocrates the 
progress of medicine in Greece does not call for any 
special remark in such a sketch as this, but mention 
must be made of one great name. ‘Though none of 
Aristotle's writings are strictly medical, he has by his 
researches in anatomy and physiology contributed greatly 
to the progress of medicine. It should also be remem- 
bered that he was of an Asclepiad family, and received 
that partly medical education which was traditional in 
such families, and also himself is said to have practised 
medicine as an amateur. Moreover, his works on nat- 
ural history doubtless furthered the progress among 
the Greeks of science tributary to medicine, though the 
only specimens of such works which have come down 
to us from the Peripatetic school are those of Theo- 
phrastus, who may be considered the founder of the 
scientific study of botany. Among his encyclopsedic 
writings were some on medical subjects, of which frag- 
ments only have been preserved. The Peripatetic 
school may have been more favorable to the develop- 
ment of medicine, as of other departments of natural 
knowledge, than any other; but there is no evidence 
that any of the philosophical schools had important 
influence on the progress of medicine. The fruit of 
Aristotle's teaching and example was seen later on in 
the schools of Alexandria, 

The century after the death of Hippocrates is a time 
almost blank in medical annals. It is probable that the 
science, like others, shared in the general intellectual 
decline of Greece after the Macedonian supremacy ; 
but the works of physicians of the period are almost 
entirely lost, and were so even in the time of Galen. 
Galen classes them all as of the dogmatic school; but, 
whatever may have been their characteristics, they are 
of no importance in the history of the science. 

Alexandrian School of Medicine.—The dispersion of 
Greek science and intellectual activity through the 
world by the conquests of Alexander and his successors 
led to the formation of more than one learned centre, 
in which medicine among other sciences was represented. 
Pergamum was early distinguished for its medical 
school; but in this as in other respects its reputation 
was ultimately effaced by the more brilliant fame of 
Alexandria. It is here that the real continuation and 
development of Hippocratic medicine can be traced. 

In one department the Alexandrian school rapidly 
surpassed its Greek original, namely, in the study of 
anatomy. The dissection of the human body, of which 
some doubtful traces or hints only are found in Greek 
‘times, was assiduously carried out, being favored or 
even suggested perhaps by the Hgyptian custom of 
disembowelling and embalming the bodies of the dead. 
There is no doubt that the organs were also examined 
by opening the bodies of living persons,—criminals 
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condemned to death being given over to the anatomists 
for this purpose. 

Two eminent names stand in the first rank as leaders 
of the two earliest schools of medicine which arose in 
Alexandria, Herophilus and Erasistratus. 

Herophilus was a Greek of Chalcedon, a pupil of the 

schools both of Cos and of Cnidus. He was especially 
noted for his profound researches in anatomy (see vol. 1. 
p. 703), and in the knowledge and practice of medicine 
1e appears to have been equally renowned. He pro- 
fessed himself a close adherent of Hippocrates, and 
adopted his theory of the humors. He also made ex- 
tensive use of drugs, and of bleeding. The reputation 
of Herophilus is attested by the fact that four consid- 
erable 1) Sessa Ac wrote works about him and his writ- 
ings, and he is further spoken of with the highest re- 
spect by Galen and Celsus. By the general voice of the 
medical world of antiquity he was placed only second 
to Hippocrates. 

Erasistratus was the contemporary and rival of He- 
rophilus. Little is known of his life, except that he 
spent some time at the court of Seleucus Nicator at 
Antioch before coming to Alexandria, and that he 
cultivated anatomy late in life, after he had taken up 
his abode in the latter city. His numerous works are 
also almost entirely lost, fragments only being preserved 
by Galen and others. Erasistratus, instead of following 
Hippocrates as Herophilus did, depreciated him, and 
scems to have been rather aggressive and independent 
in his views. Ile appears to have leaned to mechanical 
explanations of the symptoms of disease, as was espe- 
cially the case with inflammation, of which he gaye the 
first rational, though necessarily inadequate, theory. 

The two schools composed of the followers of He- 
rophilus and Erasistratus respectively long divided be- 
tween them the medical world of Alexandria. The 
names of many prominent members of both sects have 
been preserved, but it would be useless to repeat them. 
The Herophilists still reverenced the memory of Hip- 
pocrates, and wrote numerous commentaries on his 
works. They produced many eminent anatomists, but 
in the end seem to have become lost in theoretical sub- 
tleties, and to have maintained too high a standard of 
literary cultivation. The school of Erasistratus was 
less distinguished in anatomy than that of Herophilus, 
but paid more attention to the special symptoms of dis- 
eases, and employed a great variety of drugs. It was 
longer-lived than that of Herophilus, for it still num- 
bered many adherents in the 2d century after Christ, a 
century after the latter had become extinct. 

The Erasistrateans paved the way for what was in 
some respects the most important school which Alex- 
andria produced, that known as the empiric, which, 
though it recognized no master by name, may be con- 
sidered to have been founded by Philinus of Cos (280 
B. C.), a pupil of Herophilus; but Serapion, a great 
name in antiquity, and Glaucias of Tarentum, who 
traced the empirical doctrine back to the writings of 
Hippoerates, are also named among its founders. ‘The 
most striking peculiarity of the empirics was that they 
rejected anatomy, regarding it as useless to inquire into 
the causes of things, and thus, as they contended, being 
the more minute in their observation of the actual 
phenomena of disease. They professed that their 
whole practice was based upon experience, to which 
word they gave a special meaning. ‘Three sources, and 
three only, could experience draw from :—observation, 
history (7. e., recorded observation), and judgment by 
analogy. These three bases of knowledge were known as 
the ‘‘tripod”’ of the empirics. It should not, however, 
be forgotten that the empirics read and industriously 
commented on the works of Hippocrates. They were 
extremely successful in practical matters, especially in 
surgery and in the use of drugs, and a large part of the 
routine knowledge of diseases and remedies which be- 
came traditional in the times of the Roman empire is 
believed to have been derived from them. In the 2d 
century the school became closely connected with the 
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philosophical sect of the Sceptics, whose leader, Sextus, 

was an empirical physician. It lived and flourished 

far beyond this time, when transplanted to Rome, not 

less than in its native Alexandria, and appears to be 

eo even up to the beginning of the Middle 
oes. 

Tf we look at the work of the Alexandrian schools 
in medicine as a whole, we must admit that the prog- 
ress made was great and permanent. The greatest 
service rendered to medicine was undoubtedly the 
systematic study of anatomy. It is clear that the 
knowledge of function (physiology) did not by any 
means keep pace with the knowledge of structure, 
and this was probably the reason why the important 
sect of the empirics were able entirely to dispense with 
anatomical knowledge. ‘The doctrines of Hippocrates, 
though lightly thought of by the Erasistrateans, still 
were no doubt very widely accepted, but the practice 
of the Hippocratic school had been greatly improved in 
almost every department,—surgery and obstetrics being 
probably those in which the Alexandrian practitioners 
could compare most favorably with those of modern 
times. We have now to trace the fortunes of this body 
of medical doctrine and practice when transplanted to 
Rome, and ultimately to the whole Roman world. 

Roman Medicine.—The Romans cannot be said to 
have at any time originated or possessed an independ- 
ent school of medicine. They had from early times a 
very complicated system of superstitious medicine, or 
religion, related to disease and the cure of disease, bor- 
rowed, as is thought, from the Etruscans; and, though 
the saying of Pliny that the Roman people got on for 
six hundred years without doctors was doubtless an 
exaggeration, and not, literally speaking, exact, it must 
be accepted for the broad truth which it contains. When 
a medical profession appears, it is, so far as we are able 
to trace it, as an importation from Greece. 

The first Greek physician whose name is preserved as 
having migrated to Rome was Archagathus, who came 
over from the Peloponnesus in 218 8B. G.; but there 
were probably others before him. When Greece was 
made a Roman province, the number of such phy- 
sicians who sought their fortunes in Rome must have 
been very large. The bitter words of M. Porcius Cato, 
who disliked them as he did other representatives of 
Greek culture, are evidence of this. The most eminent 
of these earlier Greek physicians at Rome was Ascle- 

iades, the friend of Cicero (born 124 B. c. at Prusa in 
Bichona). He came to Rome as a young man, and 
soon became distinguished both for his medical skill 
and his oratorical power. He introduced a system 
which, so far as we know, was his own, though 
founded upon the Epicurean philosophical creed; on 
the practical side it conformed pretty closely to the 
Stoic rule of life, thus adapting itself to the leanings 
of the better stamp of Romans in the later times of 
the republic. According to Asclepiades all diseases 
depended upon alterations in the size, number, ar- 
rangement, or movement of the ‘‘atoms,’’ of which, 
according to the doctrine of Epicurus, the body con- 
sisted. These atoms were united into passages (7époz) 
through which the juices of the body were conveyed. 
This doctrine, of which the developments need not 
further be followed, was important chiefly in so far 
that it was perfectly distinct from, and opposed to, the 
humoral pathology of Hippocrates. In the treatment 
of disease Asclepiades attached most importance to 
diet, exercise, passive movements or frictions, and the 
external use of cold water,—in short, to a modified 
athletic training. He rejected the wis medicatrix na- 
turce, pointing out that nature in many cases not only 
did not help but marred the cure. His knowledge of 
disease and surgical skill were, as appears from the 
accounts given by Celsus and Ceelius Aurelianus, very 
considerable. Asclepiades had many pupils, who ad- 
hered more or less closely to his doctrines, but it was 
especially one of them, Themison, who gave perma- 
nence to the teachings of his master by framing out 
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of them, with some modifications, a new system of 
medical doctrine, and founding on this basis a school 
which lasted for some centuries in successful rivalry 
with the Hippocratié tradition, which, as we have 
seen, was up to that time the prevailing influence in 
medicine, 

This system was known as methodism, its adherents 
as the methodici or methodists. Its main principles 
were that it was useless to consider the causes of a dis-_ 
ease, or even the organ affected by the disease, and 
that it was sufficient to know what was common to all 
diseases, viz., their common qualities (communitates, 
xowéryrec). Of these there were three possible forms— 
(1) relaxation, (2) contraction of the minute passages or 
répot, and (3) amixed state, partly lax, partly constricted. 
The signs of these morbid states were to be found in the 
general constitution of the body, especially in the excre- 
tions. Besides this it was important only to consider 
whether the disease was acute or chronic, whether it 
was increasing, declining, or stationary. ‘Treatment of 
disease was directed not to any special organ, nor to 
producing the crises and critical discharges of the Hip- 
pocratie school, but to correcting the morbid common 
condition or ‘‘community,’’ relaxing the body if it was 
constricted, causing contraction if it was too lax, and in 
the ‘‘mixed state’’ acting according to the predominant 
condition. This simple rule of treatment was the system 
or ‘‘method ”’ from which the school took its name. 

The methodists agreed with the empiries in one point, 
in their contempt for anatomy; but, strictly speaking, 
they were dogmatists, though with a dogma different 
from that of the Hippocratic school. Besides Them- 
ison, its systematic founder, the school boasted many 
physicians eminent in their day, among whom Thessa- 
lus of Tralles, a half-educated and boastful pretender, 
was one of the most popular. He reversed the Hip- 
pocratic maxim ‘‘art 1s long,’’ promising his scholars 
to teach them the whole of medicine in six months, 
and had inscribed upon his tomb tarpovixyc, as being 
eapatice to all living and bygone physicians. 

n the 2d century a much greater name appears 
among the methodists, that of Sorawee of Ephesus, a 
physician mentioned with praise even by Tertullian and 
Augustine, who practised at Rome in the reigns of Tra- 
jan and Hadrian. Soranus is known by a work, still 
extant in the Greek original, on the diseases of women, 
and also by the Latin work of Coelius Aurelianus, three 
centuries later, on acute and chronic diseases, which is 
based upon, if not, as some think, an actual translation 
of, the chief work of Soranus, and which is the prin- 
cipal source of our knowledge of the methodic school. - 
The work on diseases of women is the only complete 
work on that subject which has come down to us from 
antiquity, and shows remarkable fulness of practical 
knowledge in relation to its subject. It is notable that 
an important instrument of research, the speculum, 
which has been reinvented in modern times, was used 
by Soranus; and specimens of still earlier date, show- 
ing great mechanical perfection, have been found among 
the ruins of Pompei. The work on acute and chronic 
diseases is also full of practical knowledge, but pene- 
trated with the theories of the methodists. 

The methodic school lasted certainly for some cen- 
turies, and influenced the revival of medical science in 
the Middle Ages, though overshadowed by the greater 
reputation of Galen. It was the first definite product of 
Greek medicine on Roman soil, but was destined to be fol- 
lowed by others, which kept up a more or less success- 
ful rivalry with it, and with the Hippocratic tradition. 

The so-called pneumatic school was founded by 
Athenzeus, in the Ist century after Christ. According 
to its doctrines the normal as well as diseased actions 
of the body were to be referred to the operation of the 
pneuma or universal soul. This doctrine, crudely 
transferred from philosophical speculation, was in- 
tended to reconcile the humoral (or Hippocratic) and 
solidist (or methodic) schools; but the methodists seem 
to have claimed Athenzeus as one of themselves. 
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The ‘conflicts of the opposing schools, and the ob- 
vious deficiencies of each, led many physicians to try 
and combine the valuable parts of each system, and to 
call themselves eclectics. Among these were found 
many of the most eminent physicians of Graeco-Roman 
times. It may be sufficient to name Rufus of Ephesus, 
and Archigenes, who is mentioned by Juvenal. 

Although no system or important doctrine of medi- 
cine was originated by the Roman intellect, and though 
the practice of the profession was probably almost en- 
tirely in the hands of the Greeks, the most complete 
picture which we have of medical thought and activity 
in Roman times is due to a Latin pen, and to one who 
was, in all probability, not a physician. A. Cornelius 
Celsus, a Roman patrician, A i lived probably in the 
first century, appears to have studied medicine as a 
branch of general knowledge. Whether he was a 
practising physician or not has been a matter of con- 
troversy. The conclusion supported by most evidence 
seems to be that he niotinet on his friends and de- 
pendants, but not as a remunerative profession. His 
well-known work, De Medicina, was one of a series of 
treatises intended to embrace all knowledge proper for 
aman of the world. It was not meant for the physi- 
cians, and was certainly little read by them, as Celsus 
is quoted by no medical writer, and when referred to by 
Pliny is spoken of as an author, not a physician. There 
is no doubt that his work is chiefly a compilation; and 
Daremberg, with other scholars, has traced a large 
number of passages of the Latin text to the Greek 
originals from which they were translated. In the de- 
scription of surgical operations the vagueness of the 
language seems sometimes to show that the author had 
not performed such himself; but in other parts, and 
especially in his historical introduction, he speaks with 
more confidence; and everywhere he compares and 
criticises with learning and judgment. ‘The whole 
body of medical literature belonging to the Hippocratic 
and Alexandrian times is ably summarized, and a 
knowledge of the state of medical science up to and 
during ee times of the author is thus conveyed to us 
which can be obtained from no other source. The 
work of Celsus is thus for us only second in importance 
to the Hippocratic writings and the works of Galen; 
but it is valuable rather as a part of the history of 
medicine than as the subject of that history. It forms 
no link in the general chain of medical tradition, for 
the simple reason that the influence of Celsus (putting 
aside a few scanty allusions in mediseval times) com- 
menced in the 15th century, when his works were first 
discovered in manuscript or committed to the press. 
Since then, however, he has been almost up to our own 
times the most_popular and widely-read of all medical 
classics, partly for the qualities already indicated, partly 
because he was one of the few of those classics acces- 
sible to readers of Latin, and partly also because of the 

_purity and classical perfection of his language. 

Of Pliny, another encyclopedic writer, a few words 
must be said, though he was not a physician. In his 
Natural History we find as complete a summary of the 
popular medicine of his time as Celsus gives of the 
scientific medicine. Pliny disliked doctors, and lost no 
opportunity of depreciating regular medicine; never- 
theless he has left many quotations from, and many 
details about. medical authors which are of the highest 
yalue. He is useful to us for what he wrote about _the 
history of medicine, not for what he contributed. Like 
Celsus, he had little influence on succeeding medical 
literature or practice. 

We now come to the writer who, above all others, 
gathered up into himself the divergent and scattered 
threads of ancient medicine, and out of whom again 
the greater part of modern European medicine has 
flowed. Galen (see vol. i. 704 and x. 22) was a man 
furnished with all the anatomical, medical, and_philo- 
sophical knowledge of his time; he had_ studied all 
kinds of natural curiosities, and had stood in near rela- 
tion to important political events; he possessed enor- 
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mous industry, great practical sagacity, and unbounded 
literary fluency. He had, in fact, every quality neces- 
sary for an encyclopaedic writer, or even for a literary 
and professional autocrat. He found the medical pro- 
fession of his time split up into a number of sects, 
medical science confounded under a multitude of dog- 
matic systems, the social status and moral integrity of 
physicians degraded. He appears to have made it his 
object to reform these evils, to reconcile scientific ac- 
quirements and practical skill, to bring back the unity 
of medicine as it had been understood by Hippocrates, 
and at the same time to raise the dignity of medical 
practitioners. 

Galen was as deyoted to anatomical and, so far as 
then understood, physiological research as to practical 
medicine. He worked enthusiastically at dissection, 
though, the liberty of the Alexandrian schools no 
longer existing, he could dissect only animals, not the 
human body. In his anatomical studies Galen had a 
twofold object,—a philosophical, to show the wisdom 
of the Creator in making everything fit to serve its 
purpose, and a practical, to aid the diagnosis, or recog- 
nition, of disease. The first led him into a teleological 
system so minute and overstrained as to defeat its own 
end; the second was successfully attained by giving 
greater precision and certainty to medical and surgical 
practice in difficult cases. His general physiology was 
essentially founded upon the Hippocratic theory of the 
four elements, with which he combined the notion of 
spirit (pneuma) penetrating all parts, and_ mingled 
with the humors in different proportions. It was on 
this field that he most vehemently attacked the pre- 
vailing atomistic and materialistic views of the me- 
thodic school, and his conception of the pneuma became 
in some respects half metaphysical. His own researches 
in special branches of physiology were important, but 
do not strictly belong to our present subject. 

The application of physiology to the explanation of 
diseases, and thus to practice, was chiefly by the theory 
of the temperaments or mixtures which Galen founded 
upon the Hippocratic doctrine of humors, but devel- 
oped with marvellous and fatal ingenuity. The normal 
condition or temperament of the body depended upon 
a proper mixture or proportion of the four elements— 
hot, cold, wet, and de From faulty proportions of 
the same arose the zntemperyes (*‘ distempers’’) which, 
though not diseases, were the occasions of disease. 
Equal importance attached to faulty mixtures or dys- 
crasize of the blood. By a combination of these mor- 
bid predispositions with the action of deleterious influ- 
ences from without all diseases were produced. Galen 
showed extreme ingenuity in explaining all symptoms 
and all diseases on his system. No phenomenon was 
without a name, no problem without a solution. And, 
though it was precisely in his fine-spun subtlety that he 
departed farthest from scientific method and practical 
utility, it was this very quality which seems in the end 
to have secured his popularity and established his pre- 
eminence in the medical world, 

Galen’s use of drugs was influenced largely by the 
same theories. In drugs were to be recognized the 
same elementary qualities—hot, cold, moist, dry, ete. 
—as in the human body; and, on the principle of 
curing by contraries, the use of one or other was indi- 
cated. The writings of Galen contain less of simple 
objective observation than those of several other ancient 
physicians, all being swept into the current of dogmatic 
exposition. But there is enough to show the thorough- 
ness and extent of his practical knowledge. Unfor- 
tunately, it was neither this nor his zeal for research 
that chiefly won him followers, but the completeness 
of his theoretical explanations, which fell in with the 
mental habits of succeeding centuries, and were such 
as have flattered the intellectual indolence of all ages. 
But the reputation of Galen grew slowly; he does not 
appear to Ware enjoyed any pre-eminence over other 
physicians of his time, to most of whom he was 
strongly opposed in opinion. In the next generation 
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he began to be esteemed only as-a philosopher; grad- 
ually his system was implicitly accepted, and it enjoyed 
a great though not exclusive predominance till the fall 
of Roman civilization. When the Arabs possessed 
themselves of the scattered remains of Greek culture, 
the works of Galen were more highly esteemed than any 
others except those of Aristotle. Through the Arabs 
the Galenical system found its way back again to West- 
ern Hurope. Kven when Arabian medicine gave way 
before the direct teaching of the Greek authors rescued 
from neglect, the authority of Galen was increased 
instead of being diminished; and he assumed a 
position of autocracy in medical science which was 
only slowly undermined by the growth of modern 
science in the 17th and 18th centuries. 

But the history of medicine in Roman times is by no 
means the same thing as the history of the fate of the 
works of Galen. For some centuries the methodic 
school was popular at Rome, and produced one phy- 
sician, Coelius Aurelianus, who must be pronounced, 
next to Celsus, the most considerable of the Latin 
medical writers. His date was in all probability the 
end of the 4th or beginning of the 5th century. The 
works bearing his name are, as has been said, entirely 
based upon the Greek of Soranus, but are important 
both because their Greek originals are lost, and because 
they are evidence of the state of medical practice in 
his own time. The popularity of Coelius is evinced by 
the fact that in the 6th century an abridgment of his 
larger work was recommended by Cassiodorus to the 
Benedictine monks for the study of medicine. 

Before quitting this period the name of Areteeus of 
Cappadocia must be mentioned. So little is known 
about him that even his date cannot be fixed more 
closely than as being between the second half of the 
lst century and the beginning of the 3d. His works 
have been much admired for the purity of the Greek 
style, and his accurate descriptions of disease; but, as 
he quotes no medical author, and is quoted by none 
before Alexander of Aphrodisias at the beginning 
of the 3d century, it is clear that he belonged to no 
school and founded none, and thus his position in the 
chain of medical tradition is quite uncertain. Alexan- 
der of Aphrodisias, who lived and wrote at Athens in 
the time of Septimius Severus, is best known by his 
commentaries on Aristotle, but also wrote a treatise on 
fevers, still extant. 

Ancient Medicine after Galen.—The Byzantine school 
of medicine, which closely corresponds to the Byzantine 
literary and historical schools, followed closely in Galen’s 
footsteps, and its writers were chiefly compilers and 
encyclopeedists. The earliest is Oribasius (326-403), 
whose date and position are fixed by his being the 
friend and court physician of Julian the Apostate. He 
was a Greek of Pergamum, educated in Alexandria 
and long resident in Byzantium. His great work 
Luvaywyai iatpixai, of which only about one-third has 
been preserved, was a medical encyclopeedia founded on 
extracts from Hippocrates, Galen, Dioscorides, and 
certain Greek writers who are otherwise very imper- 
fectly known. The work is thus one of great historical 
value, but of no originality. The next name which 
requires to be mentioned is that of Aetius (550 A. D.), 
a compiler who closely followed Oribasius, but with 
inferior powers, and whose work also has an historical 
but no original value. A higher rank among medical 
writers is assigned to Alexander of Tralles (525-605), 
whose doctrine was that of an eclectic. His practical 
and therapeutical rules are evidently the fruit of his 
own experience, though it would be difficult to attribute 
to him any decided advance in medical knowledge. 
But the most prominent figure in Byzantine medicine 
is that of Paul of Adgina (Paulus Adgineta), who 
lived probably in the early part of the 7th century. 
His skill, especially in surgery, must have been con- 
siderable, and his ’Iatp:cé gives a very complete picture 
of the achievements of the Greeks in this department. 
Another work, on obstetrics, now lost, was equally 
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famous, and procured for him, among the Arabs, the 
name of ‘‘the Obstetrician.’’ His reputation lasted 
through the Middle Ages, and was not less in the 
Arabian schools than in the West. In this respect 
Paulus is a most important influence in the develop- 
ment of medicine. is ereat work on surgery was 
early translated into Arabic, and became the founda- 
tion of the surgery of Abuleasis, which in turn (to 
anticipate) was one of the chief sources of surgical 
knowledge to Hurope in the Middle Ages. The suc- 
ceeding period of Byzantine history was so little favor- 
able to science that no name worthy of note occurs 
again (though many medical works of this period are 
still extant) till the 13th century, when we meet with a 
group of writers ;—Demetrius Pepagomenus, Nicolaus 
Myrepsus, and Johannes, called Actuarius, who flour- 
ished under the protection of the Palaologi. The 
work of the last has some independent merit; but 
all are interesting as showing a fusion of Greek and 
Arabian medicine, the latter haying begun to exercise 
even inthe 11th century a reflex influence on the schools 
of Byzantium. Something was borrowed even from 
the school of Salerno, and thus the close of Byzantine 
medicine is brought into connection with the dawn of 
science in modern Europe. 

In the West the period after Galen affords little 
evidence of anything but a gradual though unvarying 
decline in Roman medicine. Ccelius Aurelianus, al- 
ready referred to as the follower of Soranus, must be 
mentioned as showing the persistence of the methodic 
school. An abridgment of one of his writings, with 
the title of Aurelius, became the most popular of all 
Latin medical works. As a writer he was worthy of 
a better period of medical literature. Little else was 
produced in these times but compilations, of the most 
meagre kind, chiefly of the nature of herbals, or domes- 
tic receipt-books; among the authors of which it may 
be sufficient to name Serenus Sammonicus (8d century), 
Gargilius Martialis (3d century), and Marcellus Empiri- 
cus (5th century). Certain compilations still extant 
bear the falsely-assumed names of eminent writers, such 
as Pliny and Hippocrates. A writer with the (perhaps 
assumed) name of Apuleius Platonicus produced a herbal 
which held its ground till the 15th century at least, and 
was in the 9th translated into Anglo-Saxon. ‘These 
poor compilations, together with Latin translations of 
certain works of Galen and Hippocrates, formed a med- 
ical literature, meagre-and unprogressive indeed, but 
of which a great part survived through the Middle 
Ages till the discovery of printing and revival of learn- 
ing. It is important to remember that this obscure 
stream of tradition flowed on, only partially affected by © 
the influx of Arabian, or even the early revival of purer 
classical, learning. 

Arabian Medicine.—The rise of the Mohammedan 
empire, which influenced Europe so deeply both politi- 
cally and intellectually, made its mark also in the his- 
tory of medicine. As in the parallel case of the Roman 
conquest of Greece, the superior culture of the con- 
quered race asserted its supremacy over their Arab con- 
querors. After the Mohammedan conquests became 
consolidated, and learning began to flourish, schools of 
medicine, often connected with hospitals and schools of 
pharmacy, arose in all the chief seats of Moslem power. 
At Damascus Greek medicine was zealously cultivated 
with the aid of Jewish and Christian teachers. In 
Baghdad, under the rule of Hartin el Rashid and his 
successors, a still more flourishing school arose, where 
numerous translations of Greek medical works were 
made. The names of Mesua, or Yahyé ibn Mésawaih 
(ob. 248 A. H., 857-8 A.D.), celebrated for his know- 
ledge of drugs, and Honein ibn Ishak el ’IbAdi (ob. 873) 
or Joannitius, the translator and commentator of Hip- 
poecrates and Galen, belong to this period. Certain 
writings of Joannitius, translated into Latin, were pop- 
ular in the Middle Ages in Europe, and were printed 
in the 16th century. At the same time the Arabs be- 
came acquainted with Indian medicine, and Indian 
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physicians lived at the court of Baghdad. The Islamite 
rulers in Spain were not long behind those of the Hast 


in encouraging learning and medical science, and devel- | 


oped culture to a still higher degree of perfection. In 
that country much was due to the Jews, who had al- 


ready established schools in places which were after- | 


wards the seats of Moslem dominion. From the 10th 
to the 13th century was the brilliant period of Arabian 
medicine in Spain.! 

The classical period of Arabian medicine begins with 
Rhazes (Abti Bakr Mohammed ibn Zakariyé el-Razi, 
313 A. H., 925-26 A. D.), a native of Ray in the province 
of Dailam (Persia), who practised with distinction at 
Baghdad ; he followed the doctrines of Galen, but learnt 
much from Hippocrates. He was the first of the Arabs 
to treat medicine in a comprehensive and encyclopedic 
manner, surpassing probably in voluminousness (ralen 
himself, though but a small proportion of his works are 
extant. Rhazes is deservedly remembered as having 
first described small-pox and measles in an accurate 
manner. Haly, z.e., ‘Alf ibn el-Abbas (ob. 994), a 
Persian, wrote a medical text-book, known as the 
“Royal Book,’’ which was the standard authority among 
the Arabs up to the time of Avicenna, and was more 
than once translated into Latin and printed. Other 
writers of this century need not be mentioned here ; but 
the next, the 11th century, is given as the probable 
though uncertain date of a writer who had a great influ- 
ence on Huropean medicine, Mesua the younger of Da- 
mascus, whose personality is obscure, and of whose very 
existence some historians have doubted, thinking that 
the name was assumed by some medieval Latin writer. 
The work, De Simplictbus, which bears his name, was 
for centuries a standard authority on what would now 
be called materia medica, was printed in twenty-six edi- 
tions in the 15th century and later, and was used in the 
formation of the first London pharmacopeeia, issued b 
the College of Physicians in the reign of James 
Hither to the 10th or the 11th century must be referred 
the name of another Arabian physician who has also 
attained the position of a classic, Abu’l Kasim, or Abul- 
ceasis, of Hl-Zahra, near Cordova in Spain. His great 
work Altasréf, a medical encyclopedia, is chiefly valued 
for its surgical portion (already mentioned), which was 
translated into Latin in the 12th century, and was for 
some centuries a standard if not the standard authority 
on surgery in Kurope. Among his own countrymen 
the fame and position of Abulcasis were soon eclipsed 
by the greater name of Avicenna (Ibn Sind). 

Avicenna. (see vol. iii. p. 133 sq.) has always been re- 

arded as the chief representative of Arabian medicine. 

e wrote on philosophy also, and in both subjects 

acquired the highest reputation through the whole of 
Eastern Islam. In Mohammedan Spain he was less 
regarded, but in Hurope his works even eclipsed and su- 
perseded those of Hippocrates and Galen. His style 
and expository power are highly praised, but the subject- 
matter shows little originality. The work by which he 
is chiefly known, the celebrated ‘‘canon,’’ is an ency- 
clopeedia of medical and surgical knowledge, founded 
upon Galen, Aristotle, the later Greek physicians, and 
the earlier Arabian writers, singularly complete and 
systematic, but is thought not to show the practical 
experience of its author. As in the case of Galen, the 
formal and encyclopeedic character of Avicenna’s works 
was the chief cause of his popularity and ascendency, 
though in modern times these very qualities in a scien- 
tific or medical writer would rather cause him to be- 
come more speedily antiquated. 

In the long list of Arabian medical writers none can 
here be mentioned except the great names of the His- 
pano-Moorish school, a school both philosophically and 
medically antagonistic to that of Avicenna. Of these 
the earliest is Avenzoar, or Abumeron, that is Abu 
Merwan “Abd el-Malik Ibn Zohr (1113-62), a member 
of a family which gave several distinguished members 
to the medical profession. His chief work, Al-Zeystr 

1See Dozy, Cat. Cod. Or. Lug. Bat., ii. 296. 
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| (facilitatio), is thought to show more practical experi- 
| ence than the writings of Avicenna, and to be less based 
upon dialectical subtleties. It was translated into Latin, 
and more than once printed, as were some of his lesser 
works, which thus formed a part of the contribution 
made by the Arabians to European medicine. His 
friend and pupil AVERROES of Cordova (gq. v.), so well : 
known for his philosophical writings, was also an author 
in medical subjects, and as such widely read in Latin. 
The famous Rabbi Mamonipks (gq. v.) closes for us the 
roll of medical writers of the Arabian school. His 
works exist chiefly in the original Arabic or in Hebrew 
translations; only some smaller treatises have been 
translated into Latin, so that no definite opinion can be 
formed as to their medical value. But, so far as is 
known, the independent and rationalistic spirit which 
the two last-named writers showed in philosophy did 
not lead them to take any original point of view in 
medicine. 

The works of the Arabian medical writers who have 
now been mentioned: form a very small fraction of the 
existing literature. Three hundred medical writers in 
Arabic are enumerated by Wiistenfeld, and other his- 
torians have enlarged the list (Haeser), but only three 
have been printed in the original; a certain number 
more are known through old Latin translations, and the 
great majority still exist in manuscript. It is thus evi- 
dent that the circumstance of having been translated 
(which may have been in some eases almost an accident) 
is what has chiefly determined the influence of particu- 
lar writers on Western medicine. But it is improbable 
that further research will alter the general estimate of 
the value of Arabian medicine. ‘There can be no doubt 
that it was in the main Greek medicine, modified to 
suit other climates, habits, and national tastes, and with 
some important additions from Oriental sources. The 
greater part is taken from Hippocrates, Galen, Dioscor- 
ides, and later Greek writers. The Latin medical wri- 
ters were necessarily unknown to the Arabs; and this was 
partly the cause that even in Kurope Galenic medicine 
assumed such. a preponderance, A methodie school 
and Celsus being forgotten or neglected. In anatomy 
and physiology the Arabians distinctly went back; in 
surgery they showed no advance upon the Greeks; in 
practical medicine nothing new can be traced, except 
the description of certain diseases (e. g., small-pox and 
measles) unknown or imperfectly known to the Greeks ; 
the only real advance was in pharmacy and the thera- 
peutical use of drugs. By their relations with the 
further East, the Arabs became acquainted with valu- 
able new remedies which have held their ground till 
modern times; and their skill in chemistry enabled 
them to prepare new chemical remedies, and form many 
combinations of those already in use. ‘They produced 
the first pharmacopoeia, and established the first apoth- 
ecaries’ shops. any of the names and many forms 
of medicines now used, and in fact the general outline 
of modern pharmacy, except so far as modified by mod- 
ern chemistry, started with the Arabs. Thus does 
Arabian medicine appear as judged from a modern 
standpoint; but to medizeval Europe, when little but 
a tradition remained of the great ancient schools, it was 
invested with a far higher degree of originality and im- 
portance. 

It is now necessary to consider what was the state of 
medicine in Hurope after the fall of the Western em- 
pire and before the influence of Arabian science and 
literature began to be felt. This we may call the pre- 
Arabian or Salernitan period. 

Medicine in the Early Middle Ages: School of Sa- 
lerno.—In medical as in civil history there is no real 
break. A continuous thread of learning and practice 
must have connected the last period of Roman medi- 
cine already mentioned with the dawn of science in the 
Middle Ages. But the intellectual thread is naturally 
traced with greater difficulty than that which is the 
theme of civil history; and in periods such as that 
from the 5th to the 10th centw'y in Kurope it is almost 
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lost. The chief homes of medical as of other learning 
in these disturbed times were the monasteries. Though 
the science was certainly not advanced by their labors, 
it was saved from total oblivion, and many ancient 
medical works were preserved either in Latin or ver- 
nacular versions. ‘lhe ‘‘ Anglo-Saxon Leechdoms’’ of 
the 11th century, published in the Master of the Rolls 
series of medizval chronicles and memorials, admirabl 
illustrate the mixture of magic and superstition wit 
the relics of ancient science which constituted monastic 
medicine. Similar works, in Latin or other languages, 
exist in manuscript in all the great Huropean libraries. 
It was among the Benedictines that the monastic study 
of medicine first received a new direction, and aimed 
at a higher standard. The study of Hippocrates, Ga- 
len, and other classies was recommended by Cassiodo- 
rus (6th century), and in the original mother-abbey of 
Monte Cassino medicine was studied; but there was 
not there what could be called a medical school; nor 
had this foundation any connection (as has been sup- 
posed) with the famous school of Salerno. 

The origin of this, the most important source of 
medical knowledge in Europe in the early Middle 
Ages, is involved in obscurity. It is known that Sa- 
lerno, a Roman colony, in a situation noted in ancient 
times for its salubrity, was in the 6th century at least 
the seat of a bishopric, and at the end of the 7th cen- 
tury of a Benedictine monastery, and that some of the 
prelates and higher clergy were distinguished for learn- 
ing, and even for medical acquirements. But it has 
by recent researches been clearly established that the 
celebrated Schola Salernitana was a purely secular in- 
stitution. All that can with certainty be said is that a 
school or collection of schools gradually grew up in 
which especially medicine, but also, in a subordinate 
degree, law and philosophy were taught. In the 9th 
century Salernitan physicians were already spoken of, 
and the city was known as Civitas Hippocratica. A 
little later we find great and royal personages resorting 
to Salerno for the restoration of their health, among 
whom was William of Normandy, afterwards the Con- 
queror. ‘The number of students of medicine must at 
one time haye been considerable, and in a correspond- 
ing degree the number of teachers. Among the latter 
many were married, and their wives and daughters 
appear also in the lists of professors. The most noted 
female professor was the celebrated Trotula in the 11th 
century. The Jewish element appears to have been 
important among the students, and possibly among the 
professors. ‘The reputation of the school was great till 
the 12th or 13th century, when the introduction of the 
Arab medicine was gradually fatal to it. The founda- 
tion of the university of Naples, and the rise of Mont- 
pellier, also contributed to its decline. 

The teachings of the Salernitan doctors are prett; 
well known through existing works, some of hich 
have only recently been discovered and published. The 
best-known is the anonymous rhyming Latin poem on 
health, Regimen Sanitatis Salerni, professedly written 
for the use of the ‘‘king of England,’’ supposed to 
mean Robert, son of William the Conqueror; it had 
an immense reputation in the Middle Ages, and was 
afterwards many times printed, and translated into 
most European languages. This was a popular work 
intended for the laity; but there are others strictly 
professional. Among the writers it may be sufficient 
to mention here Gariopontus; Copho, who wrote the 
Anatome Porc, a well-known medizyal book; Jo- 
annes Platearius, first of a family of physicians bearing 
the same name, whose Practica, or medical compend- 
ium, was afterwards several times printed; and Tro- 
tula, believed to be the wife of the last-named. All 
of these fall into the first period before the advent of 
Arabian medicine. In the transitional period, when 
the Arabian school began to influence European medi- 
cine, but before the Salernitans were superseded, comes 
Nicolaus Praepositus, who wrote the Antidotarium, a 
collection of dorineiles for compound medicines, which 
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became the standard work on the subject, and the 
foundation of many later compilations. An equally 
popular writer was Gilles de Corbeil (A‘gidius Corbo- 
liensis), at one time a teacher at Salerno, afterwards 
court physician to Philip Augustus of France, who 
composed several poems in Latin hexameters on medi- 
cal subjects. ‘Two of them, on the urine and the pulse 
respectively, attained the position of medical classics. 

None of these Salernitan works rise much above the 
rank of compilations, being founded on Hippocrates, - 
Galen, and later Greek writers, with an unmistakable 
mixture of the doctrines of the methodists. But they 
often show much practical experience, and exhibit the 
naturalistic method of the Hippocratic school. The gen- 
eral plan of treatment is dietetic rather than pharma- 
ceutical, though the art of preparing drugs had reached 
a high degree of complexity at Salerno. Anatomy was 
as little regarded as it was in the later ancient schools, 
the empiric and methodic, but demonstrations of the 
parts of the body were given on swine. Although it 
cannot be said that the science of medicine was ad- 
vanced at Salerno, still its decline was arrested at a 
time when every other branch of learning was rapidly 
fallg into decay; and there can be no doubt that the . 
observation of patients in hospitals, and probably clin- 
ical instruction, were made use of in learning and 
teaching. The school of Salerno thus forms a bide 
between the ancient and the modern medicine, more 
direct though less conspicuous than that circuitous 
route, through Byzantium, Baghdad, and Cordova, by 
which Hippocrates and Galen, in Arabian dress, again 
entered mts Kuropean world. Though the glory of 
Salerno had departed, the school actually existed till it 
was finally dissolved by an edict of the emperor Napo- 
leon I. in the year 1811. 

Introduction of Arabian Medicine: The Scholastic 
Period.—About the middle of the 11th century the 
Arabian medical writers began to be known by Latin 
translations in the Western world. Constantinus Afri- 
canus, a monk, was the author of the earliest of such 
versions (1050 A. D.); his labors were directed chiefly 
to the less important and less bulky Arabian authors, 
of whom Haly was the most noted; the real classics 
were not introduced till later. For some time the 
Salernitan medicine held its ground, and it was not 
till the conquest of Toledo by Alphonso of Castile that 
any large number of Western sctinlaed came in contact 
with the learning of the Spanish Moors, and systematic 
efforts were made to translate their philosophical and 
medical works. Jewish scholars, often under the pat- 
ronage of Christian bishops, were especially active in 
the work. In Sicily also the Oriental tendencies of 
Frederick Barbarossa and Frederick LI. worked in the 
same direction. Gerard of Cremona, a physician of 
Toledo (1114-87), made translations, it is said by com- 
mand of Barbarossa, from Avicenna and others. It is 
needless to point out the influence of the crusades in 
making Hastern ideas known in the Western world. 
The influence of Arabian medicine soon began to be 
felt even in the Hippocratic city of Salerno, and in the 
13th century is said to have held an even balance with 
the older medicine. After this time the foreign influ- 
ence predominated ; and by the time that the Aristote- 
lian dialectic, in the introduction of which the Arabs had 
so large a share, prevailed in the schools of Europe, the 
Arabian version of Greek medicine reigned supreme in 
the medical world. That this movement coincided with 
the establishment of some of the older Huropean uni- 
versities is well known. The history of medicine in 
the period now opening is closely combined with the 
history of scholastic: philosophy. Both were infected 
with the same dialectical subtlety, which was, from the 
nature of the subject, especially injurious to medicine. 

At the same time, through the rise of the universi- 
ties, medical learning was much more widely diffused. 
and the first definite forward movement was seen in 
the school of Montpellier, where a medical faculty ex- 
isted early in the 12th century, afterwards united with 
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faculties of law and philosophy. The medical school 
owed its foundation largely to Jewish teachers, them- 
selves educated in the Moorish schools of Spain, and 
imbued with the intellectual independence of the Aver- 
roists. Its rising prosperity coincided with the decline 
of the school of Salerno. Montpellier became distin- 
guished for the practical and empirical spirit of its 
medicine, as contrasted with the dogmatic and scho- 
lastic teaching of Paris and other universities. In 
Italy, Bologna and Padua were earliest distinguished 
for medical studies,—the former preserving more of 
the Galenical tradition, the latter being more pro- 
gressive and Averroist. The northern universities con- 
tributed little,—the reputation even of Paris being of 
later growth. . 

The supremacy of Arabian medicine lasted till the 
revival of learning, when the study of the medical 
classics in their original language worked another revy- 
olution. The medical writers of this period, who chief- 
ly drew from Arabian sources, have been called Arabists 
(though it.is difficult to give any clear meaning to this 
term), and were afterwards known as the neoterics. 

The medical literature of this period is extremely vo- 
luminous, but essentially second-hand, consisting mainly 
of commentaries on Hippocrates, Galen, Avicenna, and 
others, or of compilations and compendia still less orig- 
inal than commentaries. Among these may be men- 
tioned the Conciliator of Peter of Abano (1250-1315), 
the Aggregator of Jacob de Dondi (1298-1359), both 
of the school of Padua, and the Pandectcee Medicince 
of the Salernitan Matthzeus Sylvaticus (0b. 1342), a 
sort of medical glossary and dictionary. But for us 
the most interesting fact is the first appearance of 
Englishmen as authors of medical works having a 
European reputation, distinguished, according to the 
testimony of Haeser, by a practical tendency charac- 
teristic of the British race, and fostered in the school 
of Montpellier. 

The first of these works is a Compendium Medicine, 
also called Laurea or Rosa Anglicana, of Gilbert (Gil- 
bertus Anglicus, about 1290), said to contain good ob- 
servations on leprosy. A more important work, the 
Practica sew Lilium Medicine, of Bernard Gordon, a 
Scottish professor at Montpellier (written in the year 
1307), was more widely spread, being translated into 
French and Hebrew, and printed in several editions. 
Of these two physicians the first probably, the latter 
certainly, was educated and practised abroad, but John 
Gaddesden, the author of Rosa Anglica seu Practica 
Medicine (between' 1305 and 1317), was a graduate in 
medicine of Merton College, Oxford, and court physi- 
cian. His compendium is entirely wanting in original- 
ity, and perhaps unusually destitute of common sense, 
but it became so popular as to be reprinted up to the 
end of the 16th century. Works of this kind became 
still more abundant in the 14th and in the first half of 
the 15th century, till the wider distribution of the med- 
ical classics in the original put them out of fashion. 

In surgery this period was far more productive than 
in medicine, especially in Italy and France, but the limits 
of our subject only permit us to mention Gulielmus de 
Saliceto of Piacenza (about 1275), Lanfranchi of Milan 

i about 1306), the French surgeon, Guy de Chauliac 
~ (about 1350), and the Englishman, John Ardern (about 
1350). In anatomy also the beginning of a new epoch 
was made by Mondino de Liucci, or Mundinus (1275- 
1326), and his followers. Some advance was made in 
chemistry by the celebrated Arnold de Villanova (1235- 
1312), whose medical writings (if the Breviariwn Prac- 
tice be rightly ascribed to him) rise above the rank of 
compilations. Jinally, in the 13th and especially the 
14th century, we find, under the name of consilia, the 
first medizeval reports of medical cases which are pre- 
served in such a form as to be intelligible. Collections 
of consilia were published, among others, by Gentilis 
Fulgineus before 1348, by Bartolomeo a 

died in 1470),-and by Baverius de Baveriis of Imola 
about 1450). ‘The last-named, we can say from ex- 
Vou. XV.—734 
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pega contains much that is interesting and read- 
able. 

Period of the Revival of Learning.—The impulse 
which all departments of intellectual activity received 
from the revival of Greek literature in Europe was felt 
by medicine among the rest. Not that the spirit of the 
science, or of its corresponding practice, was at once 
changed. The basis of medicine through the Middle 
Ages had been literary and dogmatic, and it was liter- 
ary and dogmatic still; but the medical literature now 
brought to light, including as it did the more important 
works of Hippocrates and Galen, many of them hith- 
erto unknown, and in addition the forgotten element of 
Latin medicine, especially the work of Celsus, was in 
itself far superior to the second-hand compilations and 
incorrect versions which had formerly been accepted as 
standards. he classical works, though still regarded 
with unreasoning reverence, were found to have a 
germinative and vivifying power that carried the 
mind out of the region of dogma, and prepared the 
way for the scientific movement which has been grow- 
ing in strength up to our own day. 

Two of the most important results of the revival of 
learning were indeed such as are excluded from the 
scope of this brief sketch, namely, the reawakening of 
anatomy, which to a large extent grew out of the study 
of the works of Galen, and the investigation of me- 
dicinal plants, to which a fresh impulse was given by 
the revival of Dioscorides and other ancient naturalists. 
The former brought with it necessarily a more accurate 
conception of physiology, and thus led up to the great 
discovery of Harvey, which was the turning-point in 
modern medicine. The latter gave rise, on the one 
hand, to the modern science of botany, on the other to 
a more rational knowledge of drugs and their uses. At 
the same time, the discovery of America, and increased 
intercourse with the Hast, by introducing a variety of 
new plants, greatly accelerated the progress both of 
botany and pharmacology. 

But it was not in these directions that improvement 
was first looked for. It was at first very naturally 
imagined that the simple revival of classical and espe- 
cially of Greek literature would at once produce the 
same brilliant results in medicine as in literature and 
philosophy. The movement of reform started, of 
necessity, with scholars rather than practising phy- 
sicians,—more precisely with a group of learned men, 
whom we may be permitted, for the sake of a name, 
to call the medical humanists, equally enthusiastic in 
the cause of letters and of medicine. From both fields 
they hoped to expel the evils which were summed’ up 
in the word barbarism. Nearly all medizeval medical 
literature was condemned under this name; and for it 
the humanists proposed to substitute the originals of. 
Hippocrates and Galen, thus leading back medicine to 
its fountain-head. Since a knowledge of Greek was 
still confined to a small body of scholars, and a still 
smaller proportion of physicians, the first task was to 
translate the Greek classics into Latin. To this work 
several learned physicians, chiefly Italians, applied 
themselves with great ardor. Among the earliest were 
Nicolaus Leonicenus of Vicenza (1428-1524), Giovanni 
de Monte or Montanus (1498-1552), and many others 
in Italy. In northern Europe should be mentioned 
Gulielmus Copus (1471-1532) and Giinther of Ander- 
nach (1487-1584) better known as Guinterius Ander- 
nacensis, both for a time professors at Paris; and, 
among the greatest, Thomas Linacre (about 1460-1524; 
see Lrvacre). A little later Janus Cornarius or 
Hagenbut (1500-58) and Leonard Fuchs (1501-66) in 
Germany, and John Kaye or Caius (1510-72) in Eng- 
land, carried on the work. Symphorien Champier 
(Champerius or Campegius) of Lyons (1472-1539), a 
contemporary of Rabelais, and the patron of Seryetus 
wrote with fantastic enthusiasm on the superiority of 
the Greek to the Arabian physicians, and peels did 
something to enlist in the same cause the two far 
greater men just mentioned. Rabelais not only lectured 
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on Galen and Hippocrates, but edited some works of 
the latter; and Servetus, in a little tract Syruporum 
wniversa ratio, defended the practice of Galen as com- 
pared with that of the Arabians. The great Aldine 
press made an important contribution to the work, by 
editiones principes of Hippocrates and Galen in the 
original. ‘Thus was the campaign opened against the 
medieval and Arabian writers, till finally Greek medi- 
cine assumed a predominant position, and Galen took 
the place of Avicenna. The result was recorded in a 
formal manner by the Florentine Academy, some time 
shortly before 1535: ‘‘quee, excusso Arabica et bar- 
barze servitutis medics jugo, ex professo se Galenicam 
appellavit et profligato barbarorum exercitu. unum 
totum et solum Galenum, ut optimum artis medica 
authorem, in omnibus se sequuturam pollicita est.’ 
Janus Cornarius, from whom this is quoted, laments, 
however, that the Arabians still wien in most of the 
schools of medicine, and that the Italian and French 
authors of works called Practica were still in high 
repute. ‘The triumph of Galenism was therefore not 
complete by the middle of the 16th century. It was 
probably most so, and earliest, in the schools of Italy 
and in those of Kngland, where the London College of 
Physicians might be regarded as an offshoot of the 
Italian schools. Paris was the stronghold of conserya- 
tisrn, and Germany was stirred by the teachings of one 
who must be considered apart from all schools—Para- 
celsus. ‘he nature of the struggle between the rival 
systems may be well illustrated by a formidable contro- 
versy about the rules for bleeding in acute diseases. 
This operation, according to the Arabian practice, was 
always performed on a vein at a distance from the 
organ affected. The Hippocratic and also Galenic 
rule, to let blood from, or near to, the diseased organ, 
was revived by Brissot (1470-1522), a professor in the 
university of Paris. His attempt at reform, which was 
taken to be, as in effect it was, a revolt against the 
authority of the Arabian masters, led to his expulsion 
from Paris, and the formal prohibition by the parlia- 
ment of his method. Upon this apparently trifling 
question arose a controversy which lasted many years, 
occupied several universities, and led to the interposi- 
tion of personages no less important than the pope and 
the emperor, but which is thought to have largely con- 
tributed to the final downfall of the Arabian medicine. 

Paracelsus and Chemical Medicine.—Contem porary 
with the school of medical humanists, but little in- 
fluenced by them, lived in Germany a man of strange 
genius, of whose character and importance the most 
Opposite opinions have been expressed. ‘he first 
noticeable quality in Paracelsus (¢c. 1490-1541) is his 
revolutionary independence of thought, which was sup- 
ported by his immense personal arrogance. Himself 
well trained in the learning and medical science of the 
day, he despised and trampled upon all traditional and 
authoritative teachings. He began his lectures at 
Basel by burning the books of Avicenna and others; 
he afterwards boasted of haying read no books for ten 
years; he protested that his shoe buckles were more 
learned than Galen and Avicenna. On the other hand, 
he spoke with respect of Hippocrates, and wrote a com- 
mentary on his Aphorisms. In this we see a spirit 
very different from the enthusiasm of the humanists 
for a purer and nobler philosophy than the scholastic 
and Arabian versions of Greek thought. There is no 
record of Paracelsus’s knowledge of Greek, and as, at 
least in his student days, the most important works of 
Greek medicine were very imperfectly known, it is 
probable he had little first-hand acquaintance with 
Galen or Hippoerates, while his breach with the hu- 
manists is the more conspicuous from his lecturing and 
writing chiefly in his native German. 

Having thus made a clean sweep of nearly the whole 
of the dogmatic medicine, what did Paracelsus put in 
its place? Certainly not pure empiricism, or habits of 
objective observation. ae had a dogma of his own,— 
one founded, according to his German expositors, on 
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the views of the Neo-Platonists, of which a few dis- 
jointed specimens must here suffice. ‘The human body 
was a ‘microcosm’? which corresponded to the 
‘“macrocosm,’’? and contained in itself all parts of 
visible nature,—sun, moon, stars, and the poles of 
heaven. ‘To know the nature of man and how to deal 
with it, the physician should study, not anatomy, which 
Paracelsus utterly rejected, but all parts of external na- 
ture. Life was a perpetual germinative process con- 
trolled by the indwelling spirit or Archeus; and 
diseases, according to the mystical conception of Para- 
celsus, were not natural, but spiritual. Nature was 
sufficient for the cure of most diseases; art had only to 
interfere when the internal physician, the man himself, 
was tired or incapable. ‘Then some remedy had to be 
introduced which should be antagonistic, not to the 
disease in a physical sense, but to the spiritual seed of 
the disease. ‘These remedies were arcana,—a word 
corresponding partly to what we now call specific reme- 
dies, but implying a mysterious connection between the 
remedy and the ‘tessence’’ of the disease, Arcana 
were often shown to be such by their physical proper- 
ties, not only by such as heat, cold, ete., but by for- 
tuitous resemblances to certain parts of the body; thus 
arose the famous doctrine of ‘‘signatures,’’ or signs in- 
dicating the virtues and uses of natural objects, which 
was afterwards developed into great complexity, Creat 
importance was also attached to chemically prepared 
remedies as containing the essence or teen quality 
of the material from which they were derived. The 
actual therapeutical resources of Paracelsus included a 
large number of metallic preparations, in the introdue- 
tion of some of which he did good service, and, amon 

vegetable preparations, the tincture of opium, stil 
known by the name he gave it, laudanum. In this 
doubtless he derived much advantage from his know- 
ledge of chemistry, though the science was as yet not 
disentangled from the secret traditions of alchemy, and 
was often mixed up with imposture. 

German historians of ote attach great import- 
ance to the revolt of Paracelsus against the prevailing 
systems, and trace in his writings anticipations of many 
scientific truths of later times. That his personality 
was influential, and his intrepid originality of great 
value as an example in his own country, is undeniable. 
Asa national reformer he has been not inaptly com- 
pared to Luther. But his importance in the universal 
fistoty of medicine we cannot estimate so highly. ‘The 
chief immediate result we can trace is the introduction 
of certain mineral remedies, especially antimony, the 
use of which became a kind of badge of the disciples of 
Paracelsus. The use of these remedies was not, how- 
ever, necessarily connected with a belief in his system, 
which seems to have spread little beyond his own coun- 
try. Of the followers of Paracelsus some became mere 
mystical quacks and impostors. Others, of more learn- 
ing and better repute, were distinguished from the 
regular physicians chiefly by their use of chemical 
remedies. In France the introduction of antimony gave 
rise to a bitter controversy which lasted into the 17th 
century, and led to the expulsion of some men of mark 
from the Paris faculty. i England ‘‘ chemical medi- 
cine’? is first heard of in the reign of Elizabeth, and 
was in like manner contemned and assailed by the Col- 
lege of Physicians and the Society of Apothecaries. 
But it should be remembered that all the chemical 
physicians did not call Paracelsus master. The most 
notorious of that school in England, a certain Anthony, 
never quotes Paracelsus, but relies wpon Arnold de Vil- 
lanova and Raymund Lully. From this time, however, 
it is always possible to trace a school of chemical prac- 
titioners, who, though condemned by the orthodox 
Galenists, held their ground, till in the 17th century a 
successor of Paracelsus arose in the celebrated Van 
THelmont. 

Consequences of the Revival of Ancient Medicine.— 
The revival of Gulenie and Hippocratic medicine, 
though ultimately it conferred the greatest. benefits on 
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medical science, did not immediately produce any im- 
portant or salutary reform in practical medicine. The 
standard of excellence in the ancient writers was indeed 
far above the level of the 16th century; but the fatal 
habit of taking at second ‘hand what should have been 
acquired by direct observation retarded progress more 
than the possession of better models assisted it, so that 
the fundamental faults of medizeval science remained 
uncorrected. 

Nevertheless some progress has to be recorded, even 
if not due directly to the study of ancient medicine. In 
the first place the 15th and 16th centuries were notable 
for the outbreak of certain epidemic diseases, which 
were unknown to the old physicians. Of these the 
chief was the ‘‘ sweating sickness ’’ or ‘‘English sweat,”’ 
especially prevalent in, though not confined to, the 
country whence it is named. Among many descrip- 
tions of this disease, that by John Kaye or Caius, 
already referred to, was one of the best, and of great 
importance as showing that the works of Galen did not 
comprise all that could be known in medicine. The 
spread .of syphilis, a disease equally unknown to the 
ancients, and the failure of Galen’s remedies to cure it, 
had a similar effect. 

In another direction the foundations of modern med- 
icine were being laid during the 16th century, namely, 
by the introduction of clinical instruction in hospitals. 
In this Italy, and especially the renowned school of 
Padua, took the first step, where De Monte (Montanus), 
already mentioned as a humanist, gave clinical lectures 
on the patients in the hospital of St. Francis, which 
may still be read with interest. Pupils flocked to him 
from all Kuropean countries; Germans are especially 
mentioned; a Polish student reported and published 
some of his lectures; and the Englishman Kaye was a 
zealous disciple, who does not, however, seem to have 
done anything towards transplanting this method of in- 
struction to his own country. Inspections of the dead, 
to ascertain the nature of the disease, were made, though 
not without difficulty, and thus the modern period of 
the science of morbid anatomy was ushered in. 

Medicine in the 17th century.—The medicine of the 
early part of the 17th presents no features to distinguish 
it from that of the preceding century. The practice 
and theory of medicine were mainly founded upon 
Hippocrates and Galen, with ever-increasing additions 
from the chemical school. 
mathematical and physical science soon introduced a 
fundamental change in the habits of thought with 
respect to medical doctrine. 

hese discoveries not only weakened or destroyed the 
respect for authority in matters of science, but brought 


about a marked tendency to mechanical explanations of 


life and disease. When Harvey by his discovery of the 
circulation furnished an explanation of many vital pro- 
cesses which was reconcilable with the ordinary laws 
of mechanics, the efforts of medical theorists were 
naturally directed to bringing all the departments of 
medicine under similar laws. It is often assumed that 
the writings and influence of Bacon did much towards 
introducing a more scientific method into medicine and 
physiology. But, without discussing the general philo- 
sophical position or historical importance of Bacon, it 
may safely be said that his direct influence can be little 
traced in medical writings of the first half of the 17th 
century. Harvey, as is well known, spoke slightingly 
of the great chancellor, and it is not till the rapid de- 
hip hia of physical science‘ in England and Holland 
in the latter part of the century, that we find Baconian 
principles explicitly recognized. 

‘The dominant factors in the 17th century medicine 
were the discovery of the circulation by Harvey (pub- 
lished in 1628), the mechanical philosophy of Descartes 
and the contemporary progress of physics, the teaching 
of Van Helmont and the introduction of chemical ex- 
planations of morbid processes, and finally, combined 
of all these, and inspiring them, the rise of the spirit 
of inquiry and innovation, which may be called the 
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scientific movement. Before speaking in detail of 
these, we may note that by other influences, quite 
independent of theories, important additions were 
made to practical medicine. The method of clinical 
instruction in hospitals, commenced by the Italians, 
was introduced into Holland, where it was ‘greatly 
developed, especially at Leyden, in the hands of the 
celebrated Sylvius. It is noteworthy that concurrently 
with the rise of clinical study the works of Hippocrates 
were more and more valued, while Galen began to sink 
into the background. 

At the same time the discovery of new diseases, un- 
known to the ancients, and the keener attention which 
the great epidemics of plague caused to be paid to 
those already known, led to more minute study of the 
natural history of disease. The most important dis- 
ease hitherto undescribed was rickets, first made known 
by Arnold de Boot, a Frisian who practised in Ireland, 
in 1649, and afterwards more fully in the celebrated 
work of Glisson in 1651. The plague was carefully 
studied by Diemerbroek (De Peste, 1646) and others. 
Hodges, of London, in 1665 seems to have been the 
first who had the courage to make a post-mortem in- 
spection of a plague patient. Bennet wrote an import- 
ant work on consumption in 1654. During the same 
period many, new remedies were introduced, the most 
important being cinchona bark, brought to Spain in the 
year 1640. The progress of pharmacy was shown by 
the publication of Dispensatories or Pharmacopa@ie, 
such as that of the Royal College of Physicians of Lon- 
don in 1618. This, like the earlier German works of 
the same kind (on which it was partly founded), con- 
tains both the traditional (Galenical) and the modern 
or chemical remedies. 

Van Helmont.—Vhe medicine of the 17th century was 
especially distinguished by the rise of systems; and we 
must first speak of an eccentric genius who endeavored 
to construct a system for himself, as original and op- 
posed to tradition as that of Paracelsus. Van Helmont 
(1578-1644) was a man of noble family in Brussels, 
who, after mastering all other branches of learning as 
then understood, devoted himself with enthusiasm to 
medicine and chemistry. By education and position a 
little out of the regular lines of the profession, he took 
up in medicine an independent attitude. Well ac- 
quainted with the doctrines of Galen, he rejected 
them as thoroughly as Paracelsus did, and borrowed 
from the latter some definite ideas as well as his revolu- 
tionary spirit. The archeus of Paracelsus appears 
again, but with still further complications,—the whole 
body being controlled by the archeus influus, and the 
organ of the soul and its various parts by the archei 
insiti, which are subject to the central archeus. Many 
of the symptoms of diseases were caused by the pas- 
sions and perturbations of the archeus, and medicines 
acted by modifying the ¢deas of the same archeus. 
These and other notions cannot be here stated at suffi- 
cient length to be intelligible. It is enough to say that 
on this fantastic basis Helmont constructed a medical 
system which had some practical merits, that his thera- 
peutical methods were mild and in many respects hap- 
py, and that he did service by applying newer chemi- 
cal methods to the preparation of drugs. He thus had 
some share, though a share not generally recognized, 
in the foundation of the iatro-chemical school, now to 
be spoken of. But his avowed followers formed a 
small and discredited sect, which, in England at least, 
can be clearly traced in the latter part of the century. 

Discovery of the Circulation of the Blood.—Vhe in- 
fluence of Harvey’s discovery began to be felt before 
the middle of the century. Its merits were recognized 
by Descartes, among the first, nine years after its pub- 
lication. For the history of the discovery, and its con- 
sequences in anatomy and physiology, we must refer to 
the article Harvey. In respect of practical medicine, 
much less effect was at first noticeable. But this ex- 
ample, combined with the Cartesian principles, set 
many active and ingenious spirits to work to recon- 
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struct the whole of mediciné-on a physiological or even 
a mechanical basis,—to endeavor to form what we 
should now call physiological or scientific medicine. 
The result of this was not to eliminate dogma from 
medicine, though it weakened the authority of the old 
dogma. The movement led rather to the formation of 
schools or systems of thought, which under various 
names lasted on into the 18th century, while the belief 
in the utility or necessity of schools and systems lasted 
much longer. The most important of these were the 
so-called iatro-physical or mechanical and the iatro- 
chemical schools. 

Tatro-Physical School.—TYhe iatro-physical school 
of medicine grew out of physiological theories. Its 
founder is held to have been Borelli of Naples (1608- 
79), whose treatise De motu animalium, published in 
1680, is regarded as marking an epoch in physiology. 
The tendency of the school was to explain the actions 
and functions of the body on physical and especially 
on mechanical principles. The movements of bones 
and muscles were referred to the theory of levers; the 
process of digestion was regarded as essentially a pro- 
cess of trituration; nutrition and secretion were shown 
to be dependent upon the tension of the vessels, and so 
forth. The developments of this school belong rather 
to the history of physiology, where they appear, seen in 
the light of modern science, as excellent though prema- 
ture endeavors in a scientific direction. But the in- 
fluence of these theories on practical medicine was not 
great. The more judicious of the mechanical or physi- 
cal school refrained, as a judicious modern physiologist 
does, from too immediate an application of their prin- 
ciples to daily practice. Mechanical theories were intro- 
duced into pathology, in explanation of the processes 
of fever and the like, but had little or no influence on 
therapeutics. The most important men in this school 
after Borelli were Steno (1638-86), Baglivi (1673-1707), 
and Bellini (1643-1704). An English physician, Cole 
(1660-1700), is also usually ranked with them. One of 
the most elaborate developments of the system was that 
of Piteairn, a Scottish physician who became professor 
at Leyden (1652-1713), to be spoken of hereafter. 

latro-Chemical. School.—The so-called iatro-chemi- 
cal school stood in a much closer relation to practical 
medicine than the iatro-physical. ‘The principle which 
mainly distinguished it was not merely the use of 
chemical medicines in addition to the traditional, or, as 
they were called in distinction, ‘‘Galenical’’ remedies, 
but a theory of pathology or causation of disease en- 
tirely different from the prevailing ‘‘humoral’’ path- 
ology. Its chief aim was to reconcile the new views in 
physiology and chemistry with practical medicine. In 
some theoretical views, and in the use of certain rem- 
edies, the school owed something to Van Helmont and 
Paracelsus, but took in the main an independent posi- 
tion. ‘The founder of the iatro-chemical school was 
Francis de le Boé, called Sylvius (1614-72), belonging 
to a French family settled in Holland. Sylvius was for 
fourteen years professor of medicine at Leyden, where 
he attracted students from all quarters of Europe. He 
made a resolute attempt to reconstruet medicine on the 
two bases of the doctrine of the circulation of the 
blood and the new views of chemistry. Fermentation, 
which was supposed to take place in the stomach, 
played an important part in the vital processes. Chemi- 
cal disturbances of these processes, called aeridities, ete. , 
were the cause of fevers and other diseases. Some- 
times acid sometimes alkaline properties predominated 
in the juices and secretions of the body, and produced 
corresponding disturbances. In nervous diseases dis- 
turbances of the vital ‘‘ spirits’? were most important. 
Still in some parts of his system Sylvius shows an anx: 
iety to base his pathology on anatomical changes. The 
remedies he employed were partly Galenical, partly 
chemical. He was very moderate in the use of bleed- 


ing. 
"The doctrines of Sylvius became widely spread in 
Holland and Germany; less so in France and Italy. In 
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England they were not generally accepted, till adopted 
with some modifications by Thomas Willis, the great 
anatomist (1622-75), who is the chief English repre- 
sentative of the chemical school. Willis was as 
thorough-going a chemist as Sylyius. He regarded all 
bodies, organic and inorganic, as composed of the three 
elements—spirit, sulphur, and salt, the first being only 
found abundantly in animal bodies. The ‘‘ intestine 
movement of particles’’ in every body, or fermenta- 
tion, was the explanation of many of the processes of 
life and disease. The sensible properties and physical 
alterations of animal fluids and solids depended upon 
different proportions, movements, and combinations of 
these particles. The elaborate work Pharmaceutice 
Rationalis, based on these materials, had much_in- 
fluence in its time, though it was soon forgotten. But 
some parts of Willis’s works, such as his descriptions 
of nervous diseases, and his account (the earliest) of 
diabetes, are classical contributions to scientific medi- 
cine. In the application of chemistry to the examina- 
tion of secretions Willis made some important steps. 
The chemical school met with violent opposition, partly 
from the adherents of the ancient medicine, partly from 
the iatro-mechanical school. Towards the end of the 
17th century appeared an English medical reformer 
who sided with none of these schools, but may be said 
. some respects to have surpassed and dispensed with 
them. 

Sydenham and Locke.-—Thomas Sydenham (1624- 
89) was educated at Oxford and at Montpellier. He 
was well acquainted with the works of the ancient 
priate and Sabir fairly so with chemistry. Of 

is knowledge of anatomy nothing definite can be said, 
as he seldom refers to it. His main avowed principle 
was to do without hypothesis, and study the actual 
diseases in an unbiassed manner. As his model in 
medical methods, Sydenham repeatedly and pointedly 
refers to Hippocrates and he has not unfairly been 
called the English Hippocrates. He resembled his 
Greek master in the high value he set on the study of 
the ‘‘ natural history of disease ;’’ in the importance he 
attached to ‘‘ epidemic constitution,’’ that is, to the 
influence of weather and other natural eauses in mod- 
ifying disease; and further in his conception of the 
healing power of nature in disease, a doctrine which he 
even expanded beyond the teaching of Hippocrates. 
According to Sydenham, a disease is nothing more than 
an effort of nature to restore the health of the patient 
by the elimination of the morbific matter. The extent 
to which his practice was influenced by this and other 
a priort conceptions prevents us from classing Syden- 
ham as a pure empiric, but he had the rare merit of 
never permitting himself to be enslayed even by his 
own theories. Still less was his mind warped by either 
of the two great systems, the classical and the chemical, 
which then divided the medical world. Sydenham’s 
influence on Huropean medicine was very great. His 
principles were welcomed as a return to nature by those 
who were weary of theoretical disputes. He intro- 
duced a milder and better way of treating fevers, 
especially small-pox, and gave strong support to the 
use of specific medicines, especially Peruvian bark. He 
was an advocate of bleeding, and often carried it to 
excess. Another important point in Sydenham’s doc- 
trine is his clear recognition of many diseases as being 
what would be now called specific, and not due merely 
to an alteration in the primary qualities or humors of 
the older schools. From this springs his high appre- 
ciation of specific medicines. 

One name should always be mentioned along with 
Sydenham—that of his friend John Locke. The great 
sensational philosopher was a thoroughly trained physi- 
cian, and practised privately. He shared and defended 
many’of Sydenbam’s principles, and in the few medical 
observations he has left shows himself to be even more 
thorough-going than the ‘‘ English Hippocrates.’’ It 
is deeply to be regretted in the interests of medicine 
that he did not write more. It is, however, reasonable 
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to suppose that his commanding intellect often makes 
itself felt in the words of Sydenham. One sentence of 
Locke’s in a letter to W. Molyneux sums up the prac- 
tical side of Sydenham’s teaching. 

“You cannot imagine how far a little observation care- 
fully made by a man not tied up to the four humors 
[Galen], or sal, sulphur, and mercury [Paracelsus], or to 
acid and aleali [Sylvius and Willis] which has of late pre- 
_vailed, will carry a man in the curing of diseases though 
very stubborn and dangerous; and that with very little 
and common things, and almost no medicine at all.” 


We thus see that, while the great anatomists, physi- 
cists, and chemists, men of the type of Willis, Borelli, 
and Boyle, were laying foundations which were later on 
built up into the fabric of scientific medicine, little 
er was done by the premature application of their 

alf-understood principles to practice. The reform of 
practical medicine was effected by men who aimed at, 
and partly succeeded in, rejecting all hypothesis and 
returning to the unbiassed study of natural processes, as 
shown in health and disease. 

Sydenham showed that these processes might be 
profitably studied and dealt with without explaining 
them; and, by turning men’s minds away from ex- 

lanations and fixing them on facts, he enriched med- 
icine with a method more fruitful than any discoveries 
in detail. From this time forth the reign of canonical 
authority in medicine was at an end, though the dog- 
matic spirit long survived. 

The 18th century.—The medicine of the 18th century 
is notable, like that of the latter part of the 17th, for 
the striving after complete theoretical systems. The 
influence of the iatro-physical school was by no means 
exhausted; and in Kngland, especially through the 
indirect influence of Newton’s great astronomical gen- 
eralizations, it took on a mathematical aspect, and is 
sometimes known as iatro-mathematical. This phase 
is most clearly developed in Pitcairn (1652-1713), who, 
though a determined opponent of metaphysical ex- 
planations, and of the chemical doctrines, gave to his 
own rude mechanical explanations of life and disease 
almost the dogmatic completeness of a theological 
system. His countryman and pupil, George Cheyne, 
who lived some years at Bath, caihialied a new theory 
of fevers on the mechanical system, which had a great 
reputation. Their English contemporaries and suc- 
cessors, freind, Cole, and Mead, leaned also to me- 
chanical explanations, but with a distrust of systematic 
theoretical completeness which was perhaps partly a 
national characteristic, partly the result of the teaching 
of Sydenham and Locke. Freind (1675-1728) in his 
Emmenologia gave a mechanical explanation of the 
phenomena of menstruation. He is also one of the 
most distinguished writers on the history of medicine. 
Cole (see seone} published mechanical hypotheses con- 
cerning the causation of fevers which closely agree with 
those of the Italian iatro-mechanical school. More dis- 
tinguished in his own day than any of these was Richard 
Mead (1673-1754), one of the most accomplished and 
socially successfully physicians of modern times. Mead 
was the pupil of the equally popular and successful 
John Radeliffe (1650-1714), who had acquired from 
Sydenham a contempt for book learning, and belonged 
to no school in medicine but the school of common 
sense. Radcliffe left, however, no work requiring 
mention in a history of medicine. Mead, a man of 
great learning and intellectual activity, was an ardent 
advocate of the mathematical doctrines. ‘‘ It is very 
evident,”’ he says, ‘‘that all other means of improy- 
ing medicine have been found ineffectual, by the stand 
it was at for two thousand years, and that, since mathe- 
maticians have set themselves to the study of it, men 
already begin to talk so intelligibly and comprehensibly, 
even about abstruse matters, a it is to be hoped that 
mathematical learning will be the distinguishing mark 
of a physician and a quack.’ His Mechanical Account 
of Poisons, in the first edition (1702), gave an explana- 
tion of the effects of poisons, as acting only on the 
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blood. _ Afterwards he modified his hypothesis, and 
referred the disturbances produced to the ‘nervous 
liquor,’’ which he supposed to be a quantity of the 
‘universal elastic matter’? diffused through the uni- 
verse, by which Newton explained the phenomena of 
light, 7. e., what was afterwards called the luminiterous 
ether. Mead’s treatise on he Power of the Sun and 
Moon over Human Bodies (1704), equally inspired by 
Newton’s discoveries, was a premature attempt to assign 
the influence of atmospheric pressure and other cosmical 
causes in producing disease. His works contain, how- 
ever, many original experiments, and excellent practical 
observations. James Keill (1673-1719) applied New- 
tonian and mechanical principles to the explanation of 
bodily functions with still greater accuracy and com- 
pleteness; but his researches have more importance for 
physiology than for practical medicine. 

Boerhaave.—None of these men founded a school,— 
a result due in part to their intellectual character, in part 
to the absence in England of medical schools equivalent 
in position and importance to the universitiés of the 
Continent. An important academical position was, on 
the other hand, one of the reasons why a physician not 
very different in his way of thinking from the English 
physicians of the age of Queen Anne was able to take 
a far more predominant position in the medical world. 
Hermann Boerhaave (1668-1738) was emphatically a 
great teacher. He was for many years professor of 
medicine at Leyden, where he lectured five hours a 
day, and excelled in influence and reputation, not only 
his greatest forerunners, Montanus of Padua and Syl 
vius of Leyden, but probably every subsequent teacher. 
The hospital of Leyden, though with only twelve beds 
available for teaching, became the centre of medical 
influence in Kurope. Many of the leading English 
physicians of the 18th century studied there; ‘Van 
Swieten, a pupil of Boerhaave, transplanted the lat- 
ter’s method of teaching to Vienna, and founded the 
noted Vienna school of medicine. As the organizer, 
and almost the constructor, of the modern method of 
clinical instruction, the services of Boerhaave to the 
progress of medicine were immense, and can hardly 

e overrated. In his teaching, as in his practice, he 
avowedly followed the method of Hippocrates and Syd- 
enham, both of whom he enthusiastically admired. 
In his medical doctrines he must be pronounced an 
eclectic, though taking his stand mainly on the iatro- 
mechanical school. The best known parts of Boer- 
haave’s system are his doctrines of inflammation 
obstruction, and ‘‘plethora.”’ By the last-named 
especially he was long remembered. His object was 
to make all the anatomical and physiological acquisi- 
tions of his age, even microscopical anatomy, which 
he diligently studied, available for use in the practice 
of medicine. He thus differed from Sydenham, who 
took almost as little account of modern science as of 
ancient dogma. Boerhaave may be in some respects 
compared to Galen, but again differed from him in 
that he always abstained fom attempting to reduce 
his knowledge to a uniform and coherent system. 
Boerhaave attached great importance to the study of 
the medical classics, but rather treated them histor- 
ically than quoted them as canonical authorities. It 
almost follows from the nature of the case that the 
great task of Boerhaave’s life, a synthesis of ancient 
and modern medicine, and the work in which this is 
chiefly contained, his celebrated Institutions, could not 
have any great permanent value. Nearly the same 
thing is true even of the Aphorisms, in which, fol- 
lowing the example of Hippocrates, he endeavored to 
sum up the results of his long experience. 

Hoffmann and Stahl.—We have now to speak of 
two writers in whom the systematic tendency of the 
18th century showed itself most completely. 

Friedrich Hoffmann (1660-1742), like Boerhaave, 
owed his influence, and perhaps partly his intellectual 
characteristics, to his academical position. He was in 
1693 appointed the first professor of medicine in the 
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university of Halle, then just founded by the elector 
Frederick III. Here he became, as did his contem- 
porary and rival Stahl, a popular and _ influential 
teacher, though their university had not the Euro- 
pean importance of Leyden. Hoffmann’s ‘‘system”’ 
was apparently intended to reconcile the opposing 
‘spiritual’ and “‘ materialistic’ views of nature, and 
is thought to have been much influenced by the phi- 
losophy of Leibnitz. His medical theories rest upon 
a complete theory of the universe. Life depended 
upon a universally diffused ether, which animals 
breathe in from the atmosphere, and which is con- 
tained in all parts of the body. It accumulates in 
the brain, and there generates the ‘‘nervous fluid”’ 
or pneuma,—a theory closely resembling that of 
Mead on the ‘‘neryous liquor,’’ unless indeed Mead 
borrowed it from Hoffmann. On this system are ex- 
plained all the phenomena of life and disease. Health 
depends on the maintenance of a proper ‘‘tone’’ in the 
body,—some diseases being produced by excess of tone, 
or ‘‘spasm;”’ others by ‘‘atony,’’ or want of tone. But 
it is impossible here to follow its further developments. 
Independently of his system, which has long ceased to 
exert any influence, Hoffmann made some contributions 
to practical medicine; and his great knowledge of chem- 
istry enabled him to investigate the subject of mineral 
waters. He was equally skilful in pharmacy, but low- 
ered his position by the practice, which would be un- 
pardonable in a modern physician, of trafficking in 
secret remedies. Some re these are even to this day 
sold for the benefit of the orphanage at Halle. 

George Ernest Stahl (1660-1734) was for more than 
twenty years professor of medicine at Halle, and thus 
a colleague of Hoffmann, whom he resembled in con- 
structing a complete theoretical system, though their 
systems had little or nothing incommon. Stahl’s chief 
aim was to oppose materialism. For mechanical con- 
ceptions he substituted the theory of ‘‘ animism,’’— 
attributing to the soul the functions of ordinary animal 
life in man, while the life of other creatures was left 
to mechanical laws. The symptoms of disease were 
explained as efforts of the soul to rid itself from mor- 
bid influences, the soul acting reasonably with respect 
to the end of self-preservation. The anima thus cor- 
responds partly to the ‘‘nature’’ of Sydenham, while in 
other respects it resembles the archeus of Van Helmont. 
Animism in its completeness met with little acceptance 
during the lifetime of its author, but influenced some 
of the iatro-physical school. Stahl was the author of 
the theory of ‘‘ phlogiston’”’ in chemistry, which in its 
day had great importance. 

Haller and Morgagni.—F¥rom the subtleties of rival 
systems it is a satisfaction to turn to two moyements in 
the medicine of the 18th century which, though they 
did not extinguish the spirit of system-making, opened 
up paths of investigation by which the systems were 
ultimately superseded. These are physiology in the 
modern sense, as dating from Haller, and pathological 
anatomy, as dating from Morgagni. 

Albrecht von Haller (1708-77) was a man of even 
more encyclopsedic attainments than Boerhaave. He 
advanced chemistry, botany, anatomy, as well as phys- 
iology, and was incessantly occupied in endeavoring 
to apply his scientific studies to practical medicine, 
thus continuing the work of his great teacher Boer- 
haave. Besides all this he was probably more pro- 
foundly acquainted with the literature and bibliography 
of medicine than any one before or since. Haller oc- 
cupied in the new university of Gottingen (founded 
1737) a position corresponding to that of Boerhaave 
at Leyden, and in like manner influenced a very large 
circle of pupils. The appreciation of his work in phys- 
iology belongs to the history of that science; we are 
only concerned here with its influence on medicine. 
Haller’s definition of irritability as a property of 
muscular tissue, and its distinction from sensibility 
as a property of nerves, struck at the root of the pre- 
vailing hypothesis respecting animal activity. It was 
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no longer necessary to suppose that a half-conscious 
‘fanima’’ was directing every movement. Moreover, 
Haller’s views did not rest on a prior? speculation, but 
on numerous experiments. He was among the first to 
investigate the action of medicines on healthy persons. 
Unfortunately the lesson which his contemporaries 
learnt was not the importance of experiment, but only 
the need of contriving other ‘“‘systems’’ less open to 
objection; and thus the influence of Haller led directly 
to the theoretical subtleties of Cullen and John Brown, 
and only indirectly and later on to the general anatomy 
of Bichat. The great name of Haller does not there- 
fore occupy a very prominent place in the history of 
practical medicine. 

The work of Giovanni Battista Morgagni (1682-1771) 
had and still preserves a permanent importance beyond 
that of all the contemporary theorists. In a series of 
letters De sedibus et causis morborum per anatomen 
indagatis, published when he was in his eightieth 
year, he describes the appearances met with at the 
post-mortem examination as well as the symptoms 
during life in a number of cases of various diseases. 
It was not the first work of the kind. Bonet had pub- 
lished his Sepulcretum in 1679; and observations of 
post-mortem appearances had been made by Montanus, 

‘ulp, Vieussens, Valsalva, Lancisi, Haller, and others. 

But never before was so large a collection of cases 
brought together, described with such accuracy, or 
illustrated with equal anatomical and medical know- 
ledge. Morgagni’s work at once made an epoch in 
the science. Morbid anatomy now became a recog- 
nized branch of medical research, and the movement 
was started which has lasted till our own day. 

The contribution of Morgagni to medical science 
must be regarded as in some respects the counterpart 
of Sydenham’s. The latter had, in neglecting anat- 
omy, neglected the most solid basis for studying the 
natural history of disease; though perhaps it was less 
from choice than because his practice, as he was not 
attached to a hospital, gave him no opportunities. But 
it is on the combination of the two methods, that of 
Sydenham and of Morgagni, that modern medicine 
rests; and it is through these that it has been able to 
make steady progress in its own field, independently 
of the advance of physiology or other sciences. 

The method of Morgagni found many imitators, both 
in his own country and in others. In England the first 
important name in this field is at the same time that of 
the first writer of a systematic work in any language on 
morbid anatomy, Matthew Baillie (1761-1823), who 
published his treatise in 1793. : 

Cullen and Brown.—It remains to speak of two sys- 
tematic writers on medicine in the 18th century, whose 
great reputation prevents them from being passed over, 
though their real contribution to the progress of medi- 
cine was not great—Cullen and Brown. 

William Cullen (1712-90) was a most eminent and 
popular professor of medicine at Edinburgh. The 
same academical influences as surrounded the Dutch 
and German founders of systems were doubtless partly 
concerned in leading him to form the plan of a com- 
prehensive system of medicine. Cullen’s system was 
largely based on the new physiological doctrine of 
uritability, but is especially noticeable for the import- 
ance attached to nervous action. Thus even gout was 
regarded as a ‘‘neurosis.’’ These pathological prin- 
ciples of Cullen are contained in his Hirst Lines of the 
Practice of Physic, an extremely popular book, often 
reprinted and translated. More importance is to be 
attached to his Nosology or Classification of Diseases. 
The attempt to classify diseases on a natural-history 
plan was not new, having been commenced by Sauvages 
and others, and is perhaps not a task of the highest 
importance. Cullen drew out a classification of great 
and needless complexity, the chief part of which is now 
forgotten, but several of his main divisions are still 
preserved. ‘ 

It is difficult to form a clear estimate of the import- 
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ance of the last systematizer of medicine, John Brown 
(1735-88), for, though in England he has been but 
little regarded, the wide though short-lived popularity 
of his system on the Continent shows that it must have 
contained some elements of brilliancy, if not originality. 
His theory of medicine professed to explain the pro- 
cesses of life and disease, and the methods of cure, 
upon one simple principle,—that of the property of 
_ “ excitability,’’ in virtue of which the ‘‘ exciting 
powers,”’ defined as being (1) external forces and (2) 
the functions of the system itself, call forth the vital 
phenomena ‘‘sense, motion, mental function, and pas- 
sion.”’ All exciting powers are stimulant, the appar- 
ent debilitating or sedative effect of some being due to 
a deficiency in the degree of stimulus; so that the final 
conclusion is that ‘‘the whole phenomena of life, health 
as well as disease, consist in stimulus and nothing else.”’ 
Brown recognized some diseases as sthenic, others as 
asthenic, the latter requiring stimulating treatment, the 
former the reverse ; but his practical conclusion was that 
97 per cent. of all diseases required a ‘‘stimulating”’ 
treatment. In this he claimed to have made the most 
salutary reform because all physicians from Hippocrates 
had treated diseases by depletion and debilitating meas- 
ures with the object of curing by elimination. It would 
be unprofitable to attempt a complete analysis of the 
Brunonian system ; and it is difficult now to understand 
why it attracted so much attention in its day. ‘To us 
at the present time it seems merely a dialectical con- 
struction, having its beginning and end in definitions, 
the words power, stimulus, ete., being used in such a 
way as not to correspond to any precise physical con- 
ceptions, still less to definite material objects or forces. 
One recommendation of the system was that it favored 
a milder system of treatment than was at that time in 
vogue ; Brown may be said to have been the first advo- 
cate of the modern stimulant or feeding treatment of 
fevers. He advocated the use of ‘‘ animal soups’’ or 
beef tea. Further he had the discernment to see that 
certain symptoms, such as convulsions and delirium, 
which were then commonly held always to indicate 
inflammation, were often really signs of weakness. 
The fortunes of Brown’s system (called, from having 
been originally written in Latin, the Brunonian) form 
one of the strangest chapters in the history of medicine. 
In Scotland, Brown so far won the sympathy of the 
students that riotous conflicts took place between his 
artisans and opponents. In England his system took 
Tittle root. In Italy, on the other hand, it received 
enthusiastic support, and, naturally, a corresponding 
degree of opposition. The most important adherent 
to Brown’s system was Rasori (1763-1837), who taught 
it as professor at Pavia, but afterwards substituted his 
own system of contra-stimulus. ‘The theoretical differ- 
ences’ between this and the ‘‘stimulus’’ theory need 
not be expounded. ‘The practical difference in the 
- corresponding treatment was very great, ag Rasori ad- 
vocated a copious use of bleeding and of depressing 
remedies, such as antimony. Joseph Frank, a Ger- 
man, professor at Pavia, afterwards of Vienna, the 
author of an encyclopzedic work on medicine now for- 
gotten, embraced the Brunonian system, though he 
afterwards introduced some modifications, and trans- 
planted it to Vienna. Many names are quoted as par- 
tisans or opponents of the Shneie system in Italy, 
but scarcely one of them has any other claim to be re- 
membered. In Germany the new system called forth, 
a little later, no less enthusiasm and controversial heat. 
Girtanner first began to spread the new ideas (though 
giving them out as his own), but Weikard was the first 
avowed advocate of the system. Rdschlaub (1768- 
1835) modified Brown’s system into the theory of ex- 
citement (Mrregungstheorie), which for a time was ex- 
tremely popular in Germany. The enthusiasm of the 
ounger Brunonians in Germany was as great as in 
dinburgh or in Italy, and led to serious riots in the 
university of Gottingen. In America the system was 
enthusiastically adopted by a noted physician, Benja- 
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min Rush, of Philadelphia, who was followed by a con- 
siderable school. France was not more influenced by 
the new school than England. In both countries the 
tendency towards positive science and progress by ob- 
jective investigation was too marked for any theoret- 
ical system to have more than a passing influence. In 
France, however, the influence of Brown’s theories is 
very clearly seen in the writings of Broussais, who, 
though not rightly classed with the system-makers, 
since his conclusions were partly based upon anatom- 
ical investigation, resembled them in his attempt to 
unite theory and practice in one comprehensive synthe- 
sis. ‘The explanation of the meteoric splendor of the 
Brunonian system in other countries seems to be as fol- 
lows. In Italy the period of intellectual decadence 
had set in, and no serious scientific ardor remained to 
withstand the novelties of abstract theory. In Ger- 
many the case was somewhat different. Intellectual 
activity was not wanting, but the great achievements 
of the 18th century in philosophy and the moral 
sciences had fostered a love of abstract speculation; 
and some sort of cosmical or general system was 
thought indispensable in every department of special 
science. Hence another generation had to pass away 
before Germany found herself on the level, in scientific 
investigation, of France and England. 

Before the theoretic tendency of the 18th century 
was quite exhausted it displayed itself in a system 
which, though in some respects isolated in the history 
of medicine, stands nearest to that of Brown,—that, 
namely, of Hahnemann (see Hommopatuy). Hahne- 
mann (1753-1844) was in conception as revolutionary a 
reformer of medicine as Paracelsus. He professed to 
base medicine entirely on a knowledge of symptoms, 
regarding all investigation of the causes of symptoms 
as useless. While thus rejecting all the lessons of 
morbid anatomy and pathology, he put forward views 
respecting the causes of disease which hardly bear to 
be seriously stated. All chronic maladies result either 
from three diseases—psora (the itch), syphilis, or syco- 
sis (a skin disease), or else are maladies produced by 
medicines. Seven-eighths of all chronic diseases are 
produced by itch driven inwards.’ (It is fair to say 
that these views were published in one of his later 
works.) In treatment of disease Hahnemann rejected 
entirely the notion of a vis medicatrix nature, and was 
guided by his well-known principle ‘‘similia similibus 
curantur,’’ which he explained as depending on the 
law that in order to get rid of a disease some remedy 
must be given which should substitute for the disease 
an action dynamically similar, but weaker. The origi- 
nal malady being thus got rid of, the vital force would 
easily be able to cope with and extinguish the slighter 
disturbance caused by the remedy. Something very 
similar was held by Brown, who taught that ‘‘ indirect 
debility’’ was to be cured by a lesser degree of the 
same stimulus as had caused the original disturbance. 
Generally, however, Hahnemann’s views contradict 
those of Brown, though moving somewhat in the same 
plane. In order to select remedies which should fulfil 
the indication of producing symptoms like those of the 
disease, Hahnemann made many observations of the 
action of drugs on healthy persons. He did not origi- 
nate this line of research, for it had been pursued if 
not originated by Haller, and cultivated systematically 
by Tommasini, an Italian ‘‘contra-stimulist;’’ but he 
carried it out with much elaboration. His results, nev- 
ertheless, were vitiated by being obtained in the inter- 
est of a theory, and by singular want of discrimination. 
Hahnemann’s doctrines met with much opposition on 
the part of the medical profession, and he was hence 
led to state his case to the ‘‘lay’’ public as a sort of 
court of appeal; and thus matters of science were made 
the theme of much popular controversy. This expe- 
dient, in which Hahnemann had been in a small de- 


1 The itch is really an affection produced by the presence in 
the skin of a species of mite (Acarus scabiet), and when this is 
destroyed or removed the disease is at an end, . 
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gree anticipated by Brown, contributed largely to the 
success of his system. ‘The appeal flattered a prevalent 
belief in the right of private judgment, even in techni- 
cal and learned subjects. Hahnemann was thus able 
to take up the position (and not without justification) 
of a victim of professional prejudice. The anomalous 
position into which professional scorn and extra-profes- 
sional popularity brought him produced a distinet de- 
terioration in the character of his work. In his second 
period he developed the extraordinary theory of ‘‘ po- 
tentiality’’ or dynamization,—namely, that medicines 
gained in strength by being diluted, if the dilution was 
accompanied by shaking or pounding, which was sup- 
posed to ‘‘ potentialize’”’ or increase the potency of the 
medicine. On this extraordinary principle Hahnemann 
ordered his original tinctures to be reduced in strength 
to one-fiftieth ; these first dilutions again to one-fiftieth ; 
and so on, even till the thirtieth dilution, which he him- 
self used by preference, and to which he ascribed the 
highest ‘‘ potentiality.’’ It is hardly necessary to point 
out that even the lower dilutions involve quantities 
which no analysis can weigh, measure, or even recog- 
nize. he still greater eccentricities of Hahnemann’s 
later works need not be recounted. From a theoretical 
point of view Hahnemann’s is one of the abstract sys- 
tems, pretending to universality, which modern medi- 
cine neither accepts nor finds it worth while to contro- 
vert. In the treatment of disease his practical innova- 
tions came at a fortunate time, when the excesses of 
the depletory system had only partially been super- 
seded by the equally injurious opposite extreme of 
Brown’s stimulant treatment. Hahnemann’s use of 
mild and often quite inert remedies contrasted fayor- 
ably with both of these. Further he did good by in- 
sisting upon simplicity in prescribing, when it was the 
custom to give a number of drugs, often heterogeneous 
and inconsistent, in the same prescription. But these 
indirect benefits were quite independent of the truth or 
falsity of his theoretical system. 

Positive Progress in the 18th Century.—In looking 
back on the repeated attempts in the 18th century to 
construct a universal system of medicine, it is impossible 
not to regret the waste of: brilliant gifts and profound 
acquirements which they involved. It was fortunate, 
however, that the accumulation of positive knowledge 
im medicine did not cease. While Germany and Scot- 
land, as the chief homes of abstract speculation, gave 
birth to most of the theories, progress in objective 
science was most marked in other countries,—in Italy 
first, and afterwards in England and France. We must 
retrace our steps a little to enumerate several distin- 
guished names, which, from the nature of the case, 
hardly admit of classification. 

In Italy the tradition of the great anatomists and 
physiologists of the 17th century produced a series of 
accurate observers and practitioners. Among the first 
of these were Antonio Maria Valsalva (1666-1723), 
still better known as an anatomist; Giovanni Maria 
Lancisi (1654-1720), also an anatomist, the author of a 
classical work on the diseases of the heart and aneur- 
isms; and Ippolito Francisco Albertini (1662-1738), 
whose researches on the same class of diseases were no 
less important. 

In France Jean Baptiste Sénac (1693-1770) wrote 
also an important work on the affections of the heart. 
Sauvages, otherwise F. B. de Lacroix (1706-67), gave 
under the title Nosologia Methodica a natural-history 
classification of diseases; Jean Astruc (1684-1766) 
contributed to the knowledge of general diseases. But 
the state of medicine in that country till the end of 
the 18th century was unsatisfactory as compared with 
seme other parts of Europe. 

In England the brilliancy of the early part of the 
century in practical medicine was hardly maintained to 
the end, and presented indeed a certain contrast with 
the remarkable and unflagging progress of surgery in 
the same period. The roll of the College of Physicians 
does not furnish many distinguished names. Among 
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these should be mentioned John Fothergill (1712-80). 
who investigated the “‘ putrid sore throat’’ now called 
diphtheria, and the form of neuralgia popularly known 
as tic douloureux. A physician of Plymouth, John 
Huxham (1694-1768), made researches on epidemic 
fevers, in the spirit of Sydenham and Hippocrates, 
which are of the highest importance. William Heber- 
den (1710-1801), a London physician, called by Samuel 
Johnson ultimus Romanorum, ‘the last of our learned 
physicians,’’ left a rich legacy of practical observations 
in the Commentaries published after his death. More 
important in their results than any of these works were 
the discoveries of EDWARD JENNER (g. v.) respectin 
the prevention of small-pox by vaccination, in whic 
he superseded the partially useful but dangerous prac- 
tice of inoculation, which had been introduced into 
England in 1721. The history of this discovery need 
not be told here, but it may be pointed out that, apart 
from its practical importance, it has had great influence 
on the scientific study of infectious diseases. The name 
of John Pringle (1707-82) should also be mentioned as 
one of the first to study epidemics of fevers occurring 
in prisons and camps. His work entitled Observations 
on the Diseases of an Army was translated into many 
European languages, and became the standard authority 
on the subject. 

In Germany the only important school of practical 
medicine was that of Vienna, as revived by Van Swieten 
(1700-72), a pupil of Boerhaave, under the patronage 
of Maria Theresa. Van Swieten’s commentaries on the 
aphorisms of Boerhaave are thought more valuable 
than the original text. Other eminent names of the 
same school are Anton de Haen (1704-76), Anton 
Storck (1731-1803), Maximilian Stoll (1742-88), and 
John Peter Frank (1745-1821), father of Joseph Frank 
before mentioned as an adherent of the Brownian sys- 
tem, and like his son carried away fora time by the new 
doctrines. This, the old ‘‘ Vienna School,’’ was not 
distinguished for any notable discoveries. but for success 
in clinical teaching, and for its sound method of study- 
ing the actual facts of disease during life and after 
death, which largely contributed to the establishment 
of the ‘‘ positive medicine’’ of the 19th century. 

One novelty, however, of the first importance is due 
to a Vienna physician of the period, Leopold Aven- 
brugger (1722-1809), the inventor of the method of 
recognizing diseases of the chest by percussion, Aven- 
brugger’s method was that of direct percussion with 
the tips of the fingers, not that which is now used, of 
mediate percussion with the intervention of a finger or 
plessimeter; but the results of his method were the 
same, and its value nearly as great. Avenbrugger’s 
great work, the Jnventum Novum, was published in 
1761. The new practice was received at first with con- 
tempt and even ridicule, and afterwards by Stoll and 
Peter Frank with only grudging approval. It did not 
receive due recognition till 1808, Bs cs Corvisart trans- 
lated the Jnventum Novum into French, and Ayen- 
brugger’s method rapidly attained a European reputa- 
tion. Surpassed, but not eclipsed, by the still more 
important art of auscultation introduced by Laennec, it 
is hardly too much to say that this simple and purely 
mechanical invention has had more influence on the 
development of modern medicine than all the “‘ systems’’ 
evolved by the most brilliant intellects of the 18th cen- 
tury. 

Early Part of the 19th Century.—It is not possible 
to carry the history of medicine, in a sketch such as 
this, beyond the early years of the 19th century, both 
because the mass of details becomes so large as to re- 
quire more minute treatment, and because it is difficult 
as we approach our own times to preserve the necessary 
historical perspective. It was, however, in this period 
that what we regard as the modern school of medicine 
was formed, and took the shape which it has preserved 
to our own days. The characteristic of the modern 
school is the adoption in medicine of the methods of 
research of physical science, and the gradually de- 
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clining importance attached to theory and abstract 
reasoning,—hypotheses, though not neglected, being 
used as means of research rather than as ultimate con- 
clusions. Its method may therefore be called the pos- 
itive method, or that of rational empiricism. The growth 
of the new school was first seen in two Kuropean coun- 
tries, in France and England, and must be separately 
followed in the two. Germany entered the field later. 

Rise of the Positive School in France.—The reform 

’ of medicine in France must be dated from the great 
intellectual awakening caused by the Revolution, but 
more definitely starts with the researches in anatomy 
and physiology of Marie Frangois Xavier Bichat (1771- 
1802). The importance in science of Bichat’s classical 
works, especially of the Anatomie générale, cannot be 
estimated here; we can only point out their value as 
supplying a new basis for pathology or the science of 
disease. Among the most ardent of his followers 
was Francois Joseph Victor Broussais (1772-1838), 
whose theoretical views, partly founded on those of 
Brown and partly on the so-called vitalist school of 
Bordeu and Barthez, differed from these essentially in 
being avowedly based on anatomical observations. 
Broussais’s chief aim was to find an anatomical basis 
for all diseases, but he is especially known for his at- 
tempt to explain all fevers asa consequence of irritation 
or inflammation of the intestinal canal (gastro-entérite), 
A number of other maladies, especially general diseases 
and those commonly regarded as nervous, were attrib- 
uted to the same cause. It would be impossible now to 
trace the steps which led to this wild and long since 
exploded theory. It led, among other consequences, to 
an enormous misuse of bleeding. Leeches were his 
favorite instruments, and so much so that he is said to 
have used 100,000 in his own hospital wards during one 

ear. He was equalled if not surpassed in this excess 
7 his follower Bouillaud, known for his important work 
on heart diseases. Broussais’s system, to which he gave 
the name of ‘‘ Médecine Physiologique’’ did much in- 
direct good, in fixing attention upon morbid changes in 
the organs, and thus led to the rise of the sfrongly op- 
osed anatomical and pathological school of Corvisart, 
aennec, and Bayle. 

Jean Nicolas Corvisart (1755~1821) has already been 
mentioned as the translator and introducer into France 
of Avenbrugger’s work on percussion. He introduced 
some improvements in the method, but the only real 
advance was the introduction of mediate percussion by 
Piorry in 1828. The discovery had, however, yet to 
be completed by that of auscultation, or listening to 
sounds produced in the chest by breathing, the move- 
ments of the heart, ete. The combination of these 
methods constitutes what is now known as physical 
diagnosis. René Théophile Hyacinthe Laennec (1781- 
1826) was the inventor of this most important perhaps 
of all methods of medical research. Rxsept or some 
trifling notices of sounds heard in certain diseases, this 
method was entirely new. It was definitely expounded 
in an almost complete form in his work De U ausculta- 
tion médiate, published in 1819. Laennec attached 
undue importance to the use of the stethoscope, and 
laid too much weight on specific signs of specific dis- 
eases; otherwise his method in its main features has 
remained unchanged. The result of his discovery was an 
entire revolution in the knowledge of diseases of the 
chest; but it would be a mistake to forget that an 
essential factor in this revolution was the simultaneous 
study of the condition of the diseased organs as seen 
after death. Without the latter, it is difficult to see 
how the information conveyed by sounds could ever 
have been verified. This increase of knowledge is 
therefore due, not to auscultation alone, but to auscul- 
tation combined with morbid anatomy. In the case of 
Laennec himself this qualification takes nothing from 
his fame, for he studied so minutely the relations of 

ost-mortem appearances to symptoms during life that, 
had he not discovered auscultation, his researches in 
morbid anatomy would have made him famous. The 
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pathologico-anatomical method was also followed with 

reat zeal and success by Gaspard Laurent Bayle 
(1774-1816), whose researches on tubercle, and the 
changes of the lungs and other organs in consumption, 
are the foundation of most that has been done since 
his time. It was of course antecedent to the discovery 
of auscultation. Starting from these men arose a 
school of physicians who endeavored to give to the 
study of symptoms the same precision as belonged to 
anatomical observations, and by the combination of 
both methods made a new era in clinical medicine. 
Among these were Chomel (1788-1858), Louis (1787- 
1872), Cruveilhier (1791-1874), and Andral (1797- 
1876). Louis, by his researches on pulmonary con- 
sumption and typhoid fever, had the chief merit of 
refuting the doctrines of Broussais. In another re- 
spect also he aided in establishing an exact science of 
medicine by the introduction of the numerical or sta- 
tistical method. By this method only can the fallacies 
which are attendant on drawing conclusions from isolated 
cases be avoided; and thus the chief objection which 
has been made to regarding medicine as an inductive 
science has been removed. Louis’s method was im- 
proved and systematized by Gavarret ; and its utility 
18 now universally recognized. Space does not permit 
us to trace further the history of this brilliant period 
of French medicine, during which the superiority of 
the school of Paris could hardly be contested. We 
can only mention the names of Bretonneau (1771- 
1862), Rostan (1790-1866), D’Alibert (1766-1837), 
Rayer (1793-1867), and Trousseau (1801-1866), the 
eloquent and popular teacher. 

English Medicine from 1800 to 1840.—The progress 
of medicine in England during this period displays the 
same characteristics as at other times, viz., a gradual 
and uninterrupted development, without startling 
changes such as are caused by the sudden rise or fall 
of a new school. Hardly any theoretical system is 
of English birth; Erasmus Darwin (1731-1802), the 
grandfather of the great Charles Darwin, alone makes 
an exception. In his Zoonomia (1794) he expounded 
a theory of life and disease which had some resem- 
blance to that of Brown, though arrived at (he says) 
by a different chain of reasoning. 

Darwin’s work shows, however, the tendency to con- 
nect medicine with physical science, which was an 
immediate consequence of the scientific discoveries of 
the end of the 18th century, when Priestley and Cav- 
endish in England exercised the same influence as 
Lavoisier in France. The English school of medicine 
was also profoundly stirred by the teachings of the two 
brothers William and John Hunter, especially the 
latter.—who must therefore be briefly mentioned 
though their own researches were chiefly concerne 
with subjects lying a little outside the limits of this sketch. 
William Hunter (1718-1783) was known in London as 
a brilliant teacher of anatomy and successful obstetric 
physician ; his younger brother and pupil, John Hun- 
ter (1728-1793), was also a teacher of anatomy, and 
practised ag a surgeon. His immense contributions to 
anatomy and pathology cannot be estimated here, but 
his services in stimulating research and training inves- 
tigators belong to the history of general medicine. 
They are sufficiently evidenced by the fact that Jenner 
and Baillie were his pupils. 

The same scientific bent is seen in the greater atten- 
tion paid to morbid anatomy (which dates from Baillie) 
and the more scientific method of studying diseases, 
An instance of the latter is the work of Robert Willan 
(1757-1812) on diseases of the skin,—a department of 
medicine in which abstract and hypothetical views had 
been especially injurious. Willan, by following the 
ea tneal Manthey method of Sydenham, at once put the 
study on a sound basis; and his work has been the 
starting point of the most important modern researches. 
About the same time William Charles Wells (1757- 
1817), a scientific investigator of remarkable power 
and the author of a celebrated essay on dew, publishe 
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observations on alterations in the urine, which, though 
little noticed at the time, were of great value as assist- 
ing in the important discovery made some years after- 
wards by Bright. 

These observers, and others who cannot be mentioned 
here, belong to the period when English medicine was 
still little ee 8 by the French school. Shortly 
after 1815, however, when the Continent was again 
open to English travellers, many English doctors 
studied in Paris, and the discoveries of their great 
French contemporaries began to be known. ‘The 
method of auscultation was soon introduced into this 
country by pupils of Laennee. John Forbes in 1824, 
and William Stokes of Dublin in 1825, published treat- 
ises on the use of the. stethoscope. I orbes also trans- 
lated the works of Laenneec and Avenbrugger, and an 
entire revolution was soon effected in the knowledge of 
diseases of the chest. James Hope and Peter Mere 
Latham further developed this subject, and the former 
was also known for his researches in morbid anatomy. 
The combination of clinical and anatomical research 
led, as in the hands of the great Freneh physicians, to 
important discoveries by English investigators. The 
discovery by Richard Bright (1789-1858) of the disease 
of the kidneys known by his name, has proved to be 
one of the most momentous of this century. It was 
published in Reports of Medical Cases, 1827-31. 
Thomas Addison takes, somewhat later, a scarcely 
inferior place. The remarkable physiological discoy- 
eries of Bell and Marshall Hall for the first time ren- 
dered possible the discrimination of diseases of the 
spinal cord. Several of these physicians were also 
eminent for their clinical teaching,—an art in which 
Englishmen had up till then been greatly deficient. 

Although many names of scarcely less note might be 
mentioned among the London physicians of the early 
part of the century, we must pass them over to consider 
the progress of medicine in Scotland and Ireland. In 
Edinburgh the admirable teaching of Cullen had raised 
the medical faculty to a height of prosperity of which 
his successor, James Gregory (1758-1821), was not un- 
worthy. His nephew, William Pulteney Alison (1790- 
1859), was even more widely known. These great 
teachers maintained in the northern university a con- 
tinuous tradition of successful teaching, which the dif: 
ference in academical and other circumstances rendered 
hardly possible in London. Nor was the northern 
school wanting in special investigators, such as John 
Abercrombie, known for his work on diseases of the 
brain and spinal cord published in 1828, and many 
others. Turning to Ireland, it should be said that the 
Dublin school in this period produced two physicians 
of the highest distinction. Robert James Cranes (c. 
1800-1853) was a most eminent clinical teacher and 
observer, whose lectures are regarded as the model of 
clinical teaching, and indeed served as such to the most 
popular teacher of the Paris school in the middle of 
this century, Trousseau. William Stokes (1804-1878) 
was especially known for his works on diseases of the 
chest and of the heart, and for his clinical teaching. 

German Medicine from 1800 to 1840.—Of the other 
countries of Europe, it is now only necessary to men- 
tion Germany. Here the chief home of positive medi- 
cine was still for a long time Vienna, where the “new 
Vienna school’’ continued and surpassed the glory of 
the old. Joseph Skoda (born 1805) extended, and in 
some respects corrected, the art of auscultation as left 
by Laennec. Karl Rokitansky (1804-1878), by his co- 
lossal labors, placed the science of morbid anatomy on 
a permanent basis, and enriched it by numerous dis- 
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coveries of detail. Most of the ardent cultivators of 
this science in Germany in the next generation were his 
pupils. In the other German schools, though some 
great names might be found, as Romberg (1795-1873), 
the founder of the modern era in the study of nervous 
diseases, the general spirit was scholastic and the result 
barren, till the teaching of one man, whom the modern 
German physicians generally regard as the regenerator 
of scientific medicine in their country, made itself felt. 
Johann Lucas Schénlein (1793-1864) was first profes- ° 
sor at Wiirzburg, afterwards at Zurich, and for twenty 
years at Berlin (from 1839-1859). Schonlein’s positive 
contributions to medical science were not large; but he 
made in 1839 one discovery, apparently small, but in 
reality most suggestive, namely, that the contagious 
disease of the head called favus is produced by the 
growth in the hair of a parasitic fungus. In this may 
be found the germ of the startling modern discoveries 
in parasitic diseases. His systematic doctrines founded 
the so-called ‘‘natural-history school;’’ but his real 
merit was that of the founder or introducer of a method. 
In the words of Haeser, ‘‘ Schénlein has the incontest- 
able merit of having been the first to establish in Ger- 
many the exact method of the French and the English, 
and to impregnate this method with the vivifying spirit 
of German research.’’? The name of Schénlein thus 
brings us to the threshold of the modern German school 
of medicine,—the most scientifie and exact in Kurope, 
and in its spirit strikingly in contrast with the theoreti- 
cal subtlety of German systematists in the last century. 


Literature.—The earliest work of authority on the history 
of medicine is that of Daniel le Clere (Histoire de la Méde- 
cine, Geneva, 1696; Amsterdam, 1704, 1723, ete.), which 
ends with Galen. Freind’s History of Physick (London, 
1725-26, 2 vols.) carries on the subject from Galen to the 
beginning of the 16th century. The first complete history 
is that of Kurt Sprengel (Versuch einer pragmatischen Ge- 
schichte der Arzneikunde, Halle, 1792; 3d edition, Halle, 
1821-28, 5 vols.; also in French, Paris, 1815). Beside these 
may be mentioned Hecker, Geschichte der Heilkunde, Berlin, 
1822, and’ Gesch. der neueren Heilkunde, Berlin, 1839; Ch. 
Daremberg, Histoire des sciences médicales, Paris, 1870, 2 vols.; 
Edward Meryon, History of Medicine, London, 1861 (left 
unfinished, vol. i. only having appeared). The most recent 
and complete text-book is Haeser’s Lehrbuch der Geschichte 
der Medicin und der Epidemischen Krankheiten (3d edition, 
Jena, 1875-79, 3 vols., in course of completion), to which 
the preceding sketch is very largely indebted. 

In special departments of the subject the authorities are 
the following :—For classical medicine: Celsus, De Medicina ; 
Littré, Q@uvres d’Hippocrate, Paris, 1839-61, 10 vols. 
(especially vol. i.); Francis Adams, Genuine Works of Hip- 
pocrates translated, with a Preliminary Discourse, London, 
(Syd. Soc.), 1849, and Paulus Afgineta, translated with a Com- 
mentary, London, (Syd. Soe.), 1844; Daremberg, La Médecine 
dans Homére, Paris, 1865, and La Médecine entre Homére et 
Hippocrate, Paris, 1869; and W. A. Greenhill’s articles 
“Galen,” “ Hippocrates,” etc., in Smith’s Classical Diction- 
ary, 1844, For Arabian medicine: Wistenfeld, Geschichte 
der Arabischen Aerzte und Naturforscher, Gottingen, 1840; 
and Lucien Leclere, Histoire de la Médecine Arabe, Paris, 
1876, 2 vols, For Salernitan medicine: Collectio Salernitana, 
edited by De Renzi, Daremberg, etc., Naples, 1852, 5 vols. ; 
Regimen Sanitatis, with introduction by Sir A. Croke, 
Oxford, 1830; and Daremberg, L’ Ecole de Salerne, Paris, 
1861. For medicine in England: John Aikin, Biographical 
Memoirs of Medicine in Great Britain to the time of Harvey, 
London, 1780; Lives of British Physicians, London, 1830 
(chiefly by Dr. Macmichael, partly by Dr. Bisset Hawkins 
and Dr. H. H. Southey); and Munk, Roll of the Royal Col- 
lege of Physicians of London, 2d ed., 1878, 3 vols. For the 
modern schools: Hirschel, Geschichte des Brown’ schen Systems 
und der Erregungs Theorie, Leipsic, 1846; Bouchut, Histoire 
de la Médecine et des Doctrines Médicales, 2 vols., Paris, 1873 
(comparison of ancient and modern schools); Buckle, His- 
tory of Civilization in England, 1858-61. (J. F. P.) 


MEDINA, or rather Ex-Mrpina (the city) or Mr- 
pinat Rastu ALLA (the city of the apostle of God), 
a town of the Hij4z in Arabia, in 25° N. lat., 40° E. 
long.,! the refuge of Mohammed on his flight from 


1 This can only be viewed as a very rough estimate. The road 
from Yanbu‘ on the Red Sea, which runs somewhat north of east, 


Mecca, and a renowned place of Moslem pil image, 
consecrated by the possession of his tomb. e name 


is by Burton’s estimate 182 miles, From Medina to Mecea by the 
inland or high road he makes 248 miles. The usual road near 
the coast by Rabigh and Kholeys and thence to W. Fatima can- 
not be very different in length. Caravans traverse it in about 
ten or eleven days. 
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El-Medina, goes back to the Koran (sur. xxxiii. 60) ; 
the old name was Yathrib, the Lathrippa of Ptolemy 
and Iathrippa of Stephanus Byzantius. 

Medina stands in a sort of basin at the northern ex- 
tremity of an elevated plain, on the western skirt of 
the mountain range which divides the Red Sea coast- 
lands from the central plateau of Arabia. _ At an hour's 
distance to the north it is dominated by Mount Ohod, 
an outlying spur of the great mountains, which is now 
visited by the pious as the scene of the well-known bat- 
tle (see MonAmmMenD), and the site of the tomb and 
mosque of the Prophet's uncle Hamza. ‘To the east 
the plain is bounded by a long line of hills eight or ten 
hours distant, over which the Nejd road runs. A num- 
ber of torrent courses (of which W. Kaniat to the north, 
at the foot of Mount Ohod, and W. ‘Akik, some miles 
to the south, are the most important) descend from the 
mountains, forming considerable streams and pools after 
rain, and converge in the neighborhood of the town to 
unite farther west at a place called Zaghdba, whence 
they descend to the sea through the ‘‘mountains of 
the Tihima’’—the rough country between Medina and 
its port of Yanbu'—under the name of W. Idam. 
Southwards from Medina the plain extends unbroken, 
but with a slight rise, as far as the eye can reach. The 
convergence of torrent courses in the neighborhood of 
Medina makes this one of the best-watered spots in 
northern Arabia. The city lies close to one of the 
great voleanic centres of the peninsula, which was in 
violent eruption as late as 1266 A.D., when the lava 
stream approached within an hour’s distance of the 
walls, and dammed up W. Kanat. The result of this 
and older prehistoric eruptions has been to confine the 
underground water, so important in Arabian tillage, 
which can be reached at any point of the oasis by sink- 
ing deep wells. Many of the wells are brackish, and 
the natural fertility of the voleanic soil is in many 
places impaired by the salt with which it is impreg- 
nated; but the date palm grows well everywhere, and 
the groves, interspersed with gardens and corn-fields, 
which surround the city on all sides except the west, 
have been famous from the time of the Prophet. 
Thus situated, Medina was originally a city of agricul- 
turists, not like Mecca a city of merchants; nor, apart 
from the indispensable trade in provisions, has it ever 
acquired commercial importance like that which Mecca 
owes to the pilgrimage.’ Landowners and cultivators 
are still a chief element in the population of the city 
and suburbs. he latter, who are called Nawdkhila, 
and more or less openly profess the Shi'a opinions, 
form a sort of separate caste, marrying only among 
themselves. ‘I'he townsmen proper, on the other hand, 
are a very motley race.” The mechanical arts, which 
the true Arab despises, are chiefly practised by for- 
eigners. New settlers remain behind with each pil- 

image; and the many offices of profit connected with 
the mosque, the stipends paid by the sultan to every 
inhabitant, and the gains to be derived by pilgrim- 
cicerones (Muzawwirs) or by those who make it a 
business to say prayers at the Prophet’s mosque for 
persons who Send a fee from a distance, as well as the 
alms which the citizens are accustomed to collect when 
they go abroad, especially in Turkey, keep up an idle 
population greatly in excess of that which the district 
would naturally support in the present defective state 
of agriculture. 'The population of the city and sub- 
urbs may be from 16,000 to 20,000 souls. 

The city proper is surrounded by a solid stone 

1 The pilgrimage to Medina, though highly meritorious, is not 
obligatory, and it is not tied toa single season, so that there is no 
great concourse at one time, and no fair like that of Mecca. 

2 A small number of families in Mecca still claim to represent 
the ancient Ansar, the ‘‘ defenders” of Mohammed. But in fact 
the old population emigrated en masse after the sack of Medina 
by Muslim in 683, and passed into Spain in the armies of Mussa. 
In the 18th penbiiry one old man of the Khazraj and one old 
woman of the Aus tribe were all that remained of the old stock 
in Medina: (Makkari, i. 187; Dozy, Mus. d’ Espagne, i. 111). The 
aristocratic family of the Beni Hoseyn, who claim descent from 


the martyr of Kerbela, and so from the Prophet, haye apparently 
a better established pedigree. 
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wall,* with towers and four massive gateways of good 
architecture, forming an irregular oval running to a kind 
of angle at the north-west, where stands the castle, held 
by a Turkish garrison. The houses are good stone 
buildings similar in style to those of Mecca; the streets 
are narrow but clean, and in part paved.‘ There is a 
copious supply of water conducted from a tepid source 
at the village of Kub4, 2 miles south, and distributed 
in underground cisterns in each quarter.° The glory 
of Medina, and the only important building, is the 
mosque of the Prophet, in the eastern part of the city, 
a spacious enclosed court between 400 and 500 feet in 
length from north to south, and two-thirds as much in 
breadth. The minarets and the lofty dome above the 
sacred graves are imposing features, but the circuit is 
hemmed in by houses or narrow lanes, and is not re- 
markable except for the principal gate (Bab el-Sal4ém) 
at the southern end of the west front, facing the sacred 
graves, which is richly inlaid with marbles and fine 
tiles, and adorned with golden inscriptions. This gate 
leads into a deep portico, with ten rows of pillars, run- 
ning along the southern wall. Near the further end 
of the portico, but not adjoining the walls, is a sort of 
doorless house or chamber hung with rich curtains, 
which is supposed to contain the graves of Mohammed, 
Abubekr, and ‘Omar. To the north of this is a 
smaller chamber of the same kind, draped in black, 
which is said to represent the house or tomb of FAtima. 
Both are enclosed with an iron railing, so closely inter- 
woven with brass wire-work that a glimpse of the so- 
called tombs can only be got through certain apertures 
where intercessory prayer is addressed to the Prophet, 
and pious salutations are paid to the other saints.® 
The portico in front of the railing is not ineffective, at 
least by night light. It is paved with marble, and in 
the eastern part with mosaic, laid with rich carpets ; 
the southern wall is clothed with marble pierced with 
windows of good stained glass, and the great railing 
has a striking aspect; but an air of tawdriness is im- 
parted by the vulgar painting of the columns, espe- 
cially in the space between the tomb and the pulpit, 
which has received, in accordance with a tradition of 
the Prophet, the name of the Garden (rauda), and is 
decorated with barbaric attempts to carry out this idea 
in color.*’ The throng of visitors passing along the 
south wall from the Bab el-Salim to salute the tombs 
is separated from the Garden by a wooden partition 
about 8 feet high, painted in arabesques. The other 
three sides of the interior court have porticos of less 
depth and mean aspect, with three or four rows of 
pillars. Within the court are the well of the Prophet 
and some palm trees said to have been planted by 
Fatima. 

The original mosque was a low building of- brick 
roofed with palm branches, and much smaller than the 
resent structure. The wooden pulpit from which 
Mokatimed preached appears to have stood on the 
same place with the present pulpit in the middle of the 
south portico. The dwelling of the Prophet and the 
huts of his women adjoined the mosque. Mohammed 
died in the hut of ‘Aisha, and was buried where he 
died; Abubekr and ‘Omar were afterwards buried 
beside him: Now in 711 A. D. the mosque, which had 
previously been enlarged by ‘Omar and ‘Othman, was 
entirely reconstructed on a grander scale and in Byzan- 


8 According to Ibn Khallikén (Slane’s transl, iii. 927) the walls 
are of the 12th century, the work of Jamal el-Din el-Ispahdni. 

4 The Balaét or great paved street of Medina, a very unusual 
feature in an Eastern town, dates from the 1st century of Islim, 
See Wiistenfeld’s abstract of Samhudi, p. 115. 

5 Kubéis famous as the place where the Prophet lived before 
he entered Medina, and the site of the first mosque in which he 
prayed. It lies amidst orchards in the richest part of the oasis, 

6 The space between the railing and the tomb is seldom 
entered except by the servants of the mosque. It contains the 
treasures of the mosque in jewels and plate, which were once 
very considerable, but have been repeatedly plundered, last of 
all ae the Wahhabis in the beginning of the present century. 

7 The word rauda also means a mausoleum, and is applied by 
Ibn Jubair to the tomb itself. Thus the tradition that the space 
between the pulpit and tomb was called by the Prophet one of 
the gardens of Paradise probably arose from a mistake. 
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tine style by Greek and Coptic artificers at the command 
of the caliph Walid and under the direction of ‘Omar 
ibn ‘Abd el’Aziz. The enlarged plan included the 
huts above named, which were pulled down. Thus the 
place of the Prophet’s burial was brought within the 
mosque; but the recorded discontent of the city at this 
step shows that the feeling which regards the tomb as 
the great glory of the mosque, and the pilgrimage to 
it as the most meritorious that can be undertaken ex- 
cept that to Mecca, was still quite unknown. It is not 
even certain what was done at this time to mark off 
the graves. Ibn ‘Abd Rabbih, in the beginning of the 
10th century (‘Z/ed, Cairo ed., iii. 366), describes the 
enclosure as a hexagonal wall, rising within three cubits 
of the ceiling of the portico, clothed in marble for 
more than a man’s height, and above that height 
daubed with the unguent called khaliik. This may be 
supplemented from Istakhri, who calls it a lofty house 
without a door. That there are no gravestones or 
visible tombs within is certain from what is recorded 
of occasions when the place was opened up for repairs. 
Ibn Jubair (p. 193 sg.) and Samhuidi speak of a small 
casket adorned with silver, fixed in the eastern wall, 
which was supposed to be opposite the head of the 
Prophet, while a silver nail in the south wall indicated 
the point to which the corpse faced, and from which 
the salutation of worshippers was to be addressed 
(Burton misquotes). The Kuropean fable of the coffin 
suspended by magnets is totally unknown to Moslem 
tradition, ‘The smaller chamber of [Atima is pretty 
modern. In the time of Ibn Jubair and of Ibn Batiita 
(unless the latter, as is so often the case, is merely 
copying his predecessor) there was only a small marble 
trough north of the rauda (or grave) which ‘‘is said to 
be the house of Fatima or her grave, but God only 
knows.’’ It is more probable that Fatima was buried 
in the Baki, where her tomb was also shown in the 12th 
century (Ibn Jubair, p. 198 sq.). 

The mosque was again extended by El-Mahdf (781 
A. D.), and was burned down in 1256. Of its appear- 
ance before the fire we have two authentic accounts by 
Ibn ‘Abd Rabbih early in the 10th century, and by Ibn 
Jubair, who visited it in 1184. The old mosque had a 
much finer and more regular appearance than the pres- 
ent one; the interior walls were richly adorned with 
marble and mosaic arabesques of trees and the like, 
and the outer walls with stone marquetry; the pillars 
of the south portico (seventeen in each row) were in 
white plaster with gilt capitals, the other pillars were 
of marble. Ibn ‘Abd Rabbih speaks of eighteen gates, 
of which in Ibn Jubair’s time, as at present, all but 
four were walled up. There were then three minarets. 
After the fire which took place just at the time of the 
fall of the caliphate, the mosque long lay in a miserable 
condition. Its repair was chiefly due to the Kgyptian 
sultans, especially to K4it Bey, whose restoration after 
a second fire in 1481 amounted almost to a complete 
reconstruction. Of the old building nothing seems to 
have remained but some of the columns and part of 
the walls; and, as the minarets have also been rebuilt 
and two new ones added, the architectural character is 
now essentially Keyptian. The great dome above the 
tomb, the railing round it, and the pulpit, all date from 
KaAit Bey’s restoration. 

The suburbs, which occupy as much space as the 
city proper, and are partly walled in, lie south-west 
of the town, from which they are separated by an open 
space, the halting-place of caravans. Through the sub- 
urbs runs the watercourse called W. Buthan, a tributary 
of W. Kan4t, which the Yanbu’ road crosses by a stone 
bridge. The suburbs are the quarter of the peasants. 
Thirty or forty families with their cattle occupy a single 
courtyard (hdsh), and form a kind of community often 
at feud with its neighbors. The several clans of Medina 
must have lived in much the same way at the time of 
the Prophet. The famous cemetery called Baktf' el- 
Gharkad, the resting-place of a multitude of the 
*‘eompanions’’ of the Prophet, lies immediately to 
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the west of the city. It once contained many mon- 
uments, the chief of which are described by Ibn 
Jubair. Burckhardt in 1815 found it a mere waste, 
but some of the mosques have since been rebuilt. 


History —The story of the Amalekites in Yathrib and of 
their conquest by the Hebrews in the time of Moses is 
purely fabulous, see Noldeke, Ueber die Amalekiter, 1864, p. 
36, The oasis, when it first comes into the light of history, 
was held by Jews, among whom emigrants from Yemen 
afterwards settled. Froin the time of the flight of Mo- . 
hammed (622 A. D.) till the Omayyads removed the seat of 
empire from Medina to Damascus, the town springs into 
historic prominence as the capital of the new power that 
so rapidly changed the fate of the East. Its fall was not 
less rapid and complete, and since the battle of Harra and 
the sack of the city in 683 it has never regained political 
importance. The history of Medina in this period will be 
told in the articles MOHAMMED and MOHAMMEDAN Em- 
PIRE. Mohammed invested the country round Medina with 
an inviolable character like that of the Haram round 
Mecca; but this provision has never been observed with 
strictness. After the fall of the caliphs, who maintained a 
governor in Medina, the native emirs enjoyed a fluctuating 
measure of independence, interrupted by the aggressions 
of the sherifs of Mecca, or controlled by an intermittent 
Egyptian protectorate. The Turks after the conquest of 
Egypt held Medina for atime witha firmer hand ; but their 
rule grew weak, and was almost nominal long before the 
Wahhabis took the city in 1804. A Turko-Egyptian force 
retook it in 1812, and the Turks still maintain a pasha with 
a military establishment, while the cadi and chief agha of 
the mosque (a eunuch) are sent from Constantinople. But 
the internal government is largely in Arab hands, and is 
said to be much better than that of Mecca. 

Sources—Medina has been described from 
tion by Burekhardt, who visited it in 1815, and 
the a Tee in 1853. 
Yanbu‘ (1819) was not allowed to enter the holy city. Burckhardt 
was prevented by ill health from examining the city and coun- 
try with his usual thoroughness, Little isadded to our informa- 
tion by the report of ‘Abd el-Razzik, who performed the pil- 
grimage in 1878, on a medical commission from the English 
Government. The chief Arabic authority besides Ibn ‘Abd 
Rabbib and Ibn Jubair is Samhudi, of whose history Wiisten- 
feld published an abstract in the Gottingen Abhandlungen, vol. 
ix., 1861. It goes down to the end of the 15th century. The 
topography of the country about Medina is interesting both his- 
torically and geographically ; Bekri, Yakut, and other Arabic 

eographers supply much material on this topic, but completer 
Suropean accounts are wanting to permit of its full utilization. 
Medina now offers amore promising, butalso @ more perilous, 
field for an explorer than Mecca, (W. R. 8.) 


MEDINA SIDONTA, a town of Spain, in the 
province of Cadiz, and about 21 miles by road west- 
ward from that city, stands at a height of 600 feet 
above the sea-level, on an isolated hill surrounded by a 
cultivated plain. Apart from its picturesque airy situa- 
tion it has nothing to interest the traveller; the streets 
are narrow, steep, and dirty, and its buildings and ruins 
are unimportant. The occupations of the inhabitants — 
are connected chiefly with the agriculture and cattle- 
breeding carried on in the surrounding district; bricks 
and pottery are also made to some extent. The pop- 
ulation in 1877 was 12,234. 

Medina Sidonia has been identified by some with the 
Asiao of Pliny, but it is uncertain whether Jerez is not 
more probably the locality referred to by that name. Under 
the Visigoths the place was erected into a bishopric (Assi- 
donia), and attained some importance; in the beginning 
of the 8th century it was taken by Tarik. In the time of 
Edrisi the province of Shadtina or Shidona included, among 
other towns, Seville and Carmona; later Arab geographers 
place Shadtina in the province of Seville. The town gives 
its title to the ducal house of Guzman el Bueno, the hero 
of Tarifa (1292). 


MEDITERRANEAN SEA. The southern shores 
of Europe are separated from the northern shores of 
Africa by the Mediterranean Sea. It extends in a 
generally east and west direction from longitude 5° 
21’ W. to 36° 10’ KE. Its length from Gibraltar to its 
eastern extremity in Syria is about 2100 miles. Its 
breadth is very various, being 400 miles from the 
mouth of the Rhone to the Algerian coast, 500 miles 
from the Gulf of Sidra to the entrance to the Adri- 
atic, and 250 miles from the mouth of the Nile to the 
south coast of Asia Minor. From the very indented 
nature of its coasts, the general mass of the water is 
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much cut wp into separate seas, which have long borne 
distinctive names, as the Adriatic, the Adgean, the Sea 
of Marmora, the Black Sea, ete. The area of the 
whole system, including the Sea of Azoff, is given by 
Admiral Smythe as 1,149,287 square miles. If we 
deduct that of the Black Sea and Sea of Azoff, 
172,506 square miles, we have for the area of the 
Mediterranean proper 976,781, or, roughly speaking, 
a million of square miles. 

The Mediterranean is sharply divided into two great 
rincipal basins, the western and the eastern or Levant 
asin. The western possesses a comparatively smooth 

and unindented fehl It is bounded on the south 
by the coast of Africa and the north coast: of Sicily, 
and it is further enclosed by the coasts of Spain, 
France, and Italy, which form a roughly are-shaped 
coast-line. There are comparatively few small islands 
in this basin, though some of the more important large 
ones occur in it. The eastern basin is by far the larger 
of the two, and extends from Cape Bon to the Syrian 
coast, including as important branches the Adriatic and 
the Adgean. The latter is conneeted directly, through 
the Hellespont, the Sea of Maymora, and the Bospho- 
rus, with the Black Sea. he entrance to the western 
basin and to the sea generally from the ecean is through 
the Straits of Gibraltar in 36° N. lat. If this parallel 
be drawn out through the sea it will be found that the 
western basin lies almost wholly to the northward, and 
the main body of’ the eastern one to the southward of 
it, the mean latitude of the western basin being about 
39° 30%, and that of the eastern basin 35°. They com- 
mutnicate with each other by the channels separating 
Sicily from Italy and from Africa. The former is 
known as the Strait of Messina, and is of insignificant 
size; the latter is a wide channel apparently without any 
distinctive name, and generally shallow. ‘The greatest 
depth on the shallowest ridge reaching from the African 
to the Sicilian coast is under 200 fathoms, and agrees 
very closely with the corresponding depth at the en- 
trance to the Straits of Gibraltar. 

Depth.—So far as is at present known, the maxi- 
mim depth is pretty nearly alike in the two basins, 
being 2040 fathoms in the western and 2150 fathoms 
in the eastern. Many lines of soundings have been 
run in the Mediterranean for telegraph purposes, and 
they afford a very good idea of the general configura- 
tion of the bottom, Between Marseilles and Algiers 
the depth ranges generally from 1200 to 1600 fathoms; 
between Naples and Sardinia from 1500 to 2000; be- 
tween Alexandria and Rhodes from 1200 to 1600; and 
between Alexandria and Cyprus from 900 to 1100. 
The basin of the Mediterranean really begins about 50 
miles to the westward of Gibraltar. It is here that the 
shallowest ridge stretches across from Africa to Spain ; 
the maximum depth on it is probably not more than 
180, and certainly less than 200 fathoms. From this 
ridge the bottom slopes quickly westward into the 
depths of the Atlantic, ah gently castward into the 
Mediterranean. The depth nowhere reaches 1000 
fathoms until beyond Alboran Island, 120 miles east 
of Gibraltar, ‘This is a small low island separated from 
the mainland on all sides by water of more than 400 
fathoms; it must therefore be considered an oceanic as 
distinguished from a continental island.’ Further to 
the north, and off the coast of Valencia, we have the 
Balearic Tslands,—namely, Majorca, Minorca, Iviza 
and Formentera. These also must be considered 
oceanic islands, and indeed two groups of oceanic 
islands, Iviza and Formentera are isolated both from 
the Spanish coast and from the other two islands by 
water of over 300 fathoms depth; Majorca and Minorca 
are connected by a bank with no more than 50 fathoms 
of water on it, Thirty miles east of Minorca there are 
more than 1400 fathoms; beyond that there are no 
soundings between the Baleares and the large and im- 
portant group of Corsica and Sardinia. These islands 


1 Continental islands are those separated from the mainland 
by comparatively shallow seas, generally under 100 fathorns, 


829 


are continental, being connected with the Italian main- 
land by the bank on which Elba occurs, and which is 
covered by little over 50 fathoms of water. The Straits 
of Bonifacio, which separate Corsica from Sardinia, are 
also quite shallow, so that Corsica and Sardinia may be 
looked on as a secondary peninsula attached to the Tus- 
can shore of Italy by a salle bank not more than 15 
or 20 miles broad, the deep water coming close up all 
round it. Almost the same may be said of Sicily, in- 
cluding the Malta group, but excluding the Lipari 
group, which is purely volcanic. From Cape Passaro, 
in the south-east end of Sicily, a line can be drawn con- 
necting it with the town of Tripoli, and without passing 
over water of more than 300 fathoms. As has already 
been said, the west end of Sicily is connected with the 
coast of Tunis by a ridge in no part covered by more 
than 200 fathoms of water. Between these two ridges 
lies a small but comparatively deep basin of 600 to 700 
fathoms. At the western extremity of it lies the 
mountainous island of Pantellaria. The bank on 
which Malta is situated stretches for nearly 100 miles 
in a southerly direction from Cape Passaro in Sicily. 
Opposite, on the African shore, is a similar bank of 
much larger dimensions, on which are the small islands 
Lampion and Lampedusa belonging to Italy. In the 
deep channel between them and Malta is the small but 
lofty island Limosa. It is entirely voleanic, with an 
extinct crater on its north-eastern side, and three 
smaller ones to the southward. It resembles the Li- 
pari group off the north coast of Sicily, which rise ab- 
ruptly out of deep water, being connected by no bank 
diilisr with the African or the Sicilian coasts. Some 
of the Lipari group are still active, Stromboli and Vul- 
cano being of the number. Off the south coast of Sici- 
ly, and between it and the island of Pantellaria, occurs 
the famous Graham’s shoal, the remains of what was 
for a few weeks an island.? 

The deepest water of the Mediterranean is found in 
its widest part between Malta and Crete, and the deep 
water comes close up to the Italian and Greek coasts, 
while on the African shore the water shoals more grad- 
ually. In the Strait of Messina, close to Reggio, there 
are depths of over 500 fathoms, and similar depths are 
found inside gulfs such as those of Taranto (nearly 1000 
fathoms), of Corinth, Kalamata, and others. Also all 
through the Adgean in its many bights and channels 
very deep water is met with; in the Sea of Marmora 


we have 500 fathoms, and in the Black Sea over 1000 
fathoms. All along the south coast of Asia Minor the 


water is very deep, and the large islands of Cyprus and 
Crete are both separated by very deep water from the 
mainland. If we take the eastern basin, and run along 
its western and southern coasts from the mouth of the 
Po along the shore of Italy, Sicily, and Africa to the 
mouth of the Nile, and even further along the Syrian 
shore, we do not find a single off-lying island of any im- 
portance except the Malta group, while all along the 
eastern and northern coasts from Trieste to Asia Minor 
the coast is deeply indented, and the water broken up 
by many large and important islands. These islands 
are grouped along the west coast of Turkey and 
Greece, and irregularly throughout the Algean. The 
east coast of the Adriatic is studded with islands and 
inlets, and resembles in this respect the Aigean; the 
west. coast, on the other hand, 1s low, and the water 
off it shallow, and there are few harbors. The Adri- 
atic stretches in a north-westerly direction for about 
2With regard to its appearance and disappearance Admiral 
Smythe (Mediterranean, p. 111) says:—‘It seems that, as early as 
the 28th of June 1881, Captain Swinburne, in passing nearly over 
the spot, felt several shocks of a sea-quake, proving that the 
cause was then in operation; but on the 19th of the followin 
July the crater had accumulated to a few feet above the level o 
the sea, and was in great activity, emitting vast volumes of 
steam, ashes,and scoria, From that time it sey increased 
jn all its dimensions till towards the end of August its circum- 
ference was about 8240 feet and its Rotel 107; then from Octo- 
ber various changes took place, and i entirely disappeared in 
December.” Since that time it has changed considerably. In 
1863 the least water on it was 15 feet. It has two heads close to- 
ether, and at the distance of about 20 yards all round there are 
‘om 7 to 9 fathoms of water, 
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460 miles from its entrance between Cape Sta. Maria 
di Leuca and the island of Corfu to the Venetian shore 
in the Gulf of ‘Trieste. Its average width is about 100 
miles. A ridge with little over 400 fathoms appears to 
run across its entrance. Inside this the water reaches 
a depth of 765 fathoms, but shoals again rapidly to- 
wards Pelagosa Island, from which to the northward, 
including quite two-thirds of the sea, the depth is 
under 100 fathoms; indeed no part of the sea within 
150 miles of its northern extremity is over 50 fathoms 
deep. There is authentic historical evidence of the en- 
croachment of the Italian shores on the Adriatic, caus- 
ing thereby a diminution of its area. As a consequence 
many towns which were once thriving seaports are now 
many miles inland; thus Adria, which was a station 
of the Roman fleet, is now 15 miles inland, and there 
are many similar examples. ‘The large rivers Po and 
Adige, which bring the drainage of the southern slopes 
of the Alps to the sea, deliver large quantities of sedi- 
ment in the course of the year. The distribution of 
this mud is affected, not only by its own weight tending 
to make it sink to the bottom, but also by the set of 
the currents, which, running up the eastern coast, turn 
to the westward and southward at the upper end of the 
sea, and so tend to distribute the river mud along the 
bottom in the neighborhood of the Italian coasts. The 
fact that towns which were formerly seaports are now 
inland does not therefore necessitate the assumption of 
a general rise of the land; it is merely a reclamation by 
natural agencies of land from the sea at the expense 
of the inland mountainous country. Precisely similar 
phenomena are observed in the neighborhood of the 
mouths of the Rhone and of the Nile. 

Specific Gravity, Currents, ete. —On the specific gray- 
ity Dr. Carpenter reports many and interesting obser- 
vations. In round numbers, that of the surface-water 
of the Atlantic off the Straits of Gibraltar is 1°0260 to 
1'0270, that of the western basin of the Mediterranean 
1°0280 to 1°0290, and that of the eastern basin 1°0290 
to 10300, while that of the Black Sea is 1°0120 to 
10140. It will thus be seen that the water of the Med- 
iterranean proper is very much salter than either the 
Atlantic on the west or the Black Sea on the east, and 
this great density of the water affords a useful means 
of recognizing it when investigating the interchange of 
waters which takes place at the two extremities of the 
sea. Both the temperature and the specific gravity of 
the water are evidences of the local climate. The great 
concentration of the water shows how dry the atmo- 
sphere at the surface must be, and how insignificant the 
contributions of fresh water. With regard to the bal- 
ance existing between the two factors, evaporation and 
precipitation, it would be impossible to give figures with 
any claim to accuracy, but a rough estimate may be 
formed by taking such data as Fischer has given. He 
puts the rainfall over the whole Mediterranean drain- 
age area at 759°4 millimetres, or almost exactly 30 
inches. If we remember that the average rainfall of 
the eastern slopes of Great Britain is less than 30 
inches, and that therefore this may be taken as the 
maximum yearly supply to the North Sea, we may be 
sure that the Mediterranean does not receive more than 
30 inches of fresh water in the year. With regard to 
the rate of evaporation over the area of the Mediterra- 
nean there is but very meagre information, but wherever 
it has been observed it has been found to exceed the 
rainfall, even as much as three times. Thus at Madrid 
it is 65 inches, or more than four times the rainfall; at 
Rome 105 inches, and at Cairo 92 inches. It may 
therefore without exaggeration be assumed that the 
evaporation is at least twice as great as the precipita- 
tion. Putting the latter at 30 inches, we should pee 
60 inches for the yearly evaporation, and a balance of 
30 inches evaporation over precipitation. Were there 
no provision for making good this deficiency, the level 
of the Mediterranean would sink until its surface was 
so far contracted as to lose no more by evaporation than 
would be supplied by rain. This condition would prob- 
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ably not be fulfilled before all the Aigean and Adriatic 
and the whole of the western basin west of the island 
of Sardinia were laid dry, and what is now the Mediter- 
ranean would be reduced to two ‘‘ Dead Seas,’’ one be- 
tween Sardinia and Naples and the other between 
Africa and the mouth of the Adriatic. That the level 
and the salinity of the Mediterranean remain constant 
is due to the supply of water which enters at the Straits 
of Gibraltar. ‘he currents in this passage have fre- 

uently engaged attention both from their scientific and 
their nautical interest. The most detailed investigation 
was that carried out by Captain Nares and Dr. Carpenter 
in H. M.S. ‘‘Shearwater’’ in the year 1871.) From these 
investigations it appears that there are usually two cur- 
rents in the Straits at the same time, one superposed 
on the other. Both are affected by tidal influence, but, 
after allowing for it, there is still a balance of inflow in 
the upper and of outflow in the under current. The 
waters of the two currents are sharply distinguished 
from each other by their salinity. Further, the upper 
current appears to affect by preference the middle of 
the cada) and the African coast, while the under cur- 
rent appears to crop out at the surface on the Spanish 
coast. This distribution, however, is much modified 
by the state of the tide, and it must be remembered 
that in such places the surface separating the upper 
and under currents is rarely, if ever, a horizontal plane. 
That there is a balance of outflow over inflow at the 
bottom was well shown by the result of soundings as 
much as 200 miles north-west of the entrance of the 
Straits, where, ina depth of 1560 fathoms, water of de- 
cided Mediterranean origin was got from the bottom. 
There can be no doubt that this outflow of warm and 
dense Mediterranean water is largely instrumental in 
causing the comparatively very high bottom tempera- 
ture in the eastern basin of the North Atlantic. 

We have assumed that the balance of water removed 
by evaporation is 30 inches, or 2°5 feet. If we take 
the area of the Mediterranean to be 1,000,000 square 
miles, we have the volume of water removed— 

v = 25 X 36 X10 12 = 90 x 101? cubic feet. 

This quantity of water has to be supplied from the At-- 
lantic without raising the total quantity of salt in the 
sea. We have seen that the only provision for the re- 
moval of the surplus salt is the outward under current 
in the Straits. ence the inward upper current must 
be sufficient to replace the water lost both by evaporation 
and by the outflow of the under current. e may take 
the Atlantic water to contain 3°6 per cent. and the Med- 
iterranean to contain 3°9 per cent. of salt. In order that 
the under current may remove exactly as much galt as 
is brought in by the upper one, their volumes must be 
in the inverse ratio of their saline contents, or the yol- 
ume of the upper current must be to that of the under 
one in the ratio 39 : 86 or 1000 : 923; so that only 77 

er cent. of the inflow goes to replace the water removed 

y evaporation, while the remaining 92°3 per cent. re- 
places the water of the under current. e have then 
for the total volume of the inward current per annum 

V= ae v” = 1170 x 101? cubic feet. 

The width of the Straits from Tarifa to Point Cires is 8 
miles, or 48,000 feet, and the average depth of the stream 
may fairly be taken as 100 fathoms; hence the sectional 
area is in round numbers 29,000,000 square feet. 

Dividing the volume by the area, we have for the 
mean annual flow t 

12 
a SEO 10S a note 
Reducing this to miles per day, we find that if the 
above data are correct the inflowing current of the 
Straits of Gibraltar ought to be equivalent to a cur- 
rent 8 miles wide, 100 fathoms deep, and running with 
the uniform velocity of 18°3 miles in twenty-four 
hours. As the currents are reversed with the tides, 
this is the balance of inflow over outflow in the upper 
1 Proc. Roy. Soc. (1872), xx. 97, 414. 
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eurrent. It is worthy of remark that the flood tide 
runs to the westward at the surface, and the ebb to the 
eastward. The following table of tides at places inside 
and outside the Straits will show that the mere differ- 
ences of level due to the different tidal ranges at ad- 
jacent localities are sufficient to cause strong local 
currents. 


High Water.| springs) Neaps | Neaps 
Places. Chase sear Riso. Range 
H. M. Ft. in.} Ft. in.| Ft. in. 
CHIPIONG),...4..0se0ree-seres 1 30 12 5;}8 0/3 6 
aoe 1 24 12 6) 8 0)3 6 

i 1 23 12.9/)8 2 
1 18 T1007 Bil Berd 
1 45 So Obes 26 
Tarifa 1 46 6 OS 6 Ls 
PNAC OBITAB: gacerscenscivveee 1 49 B39 2064 Ls 
GEEDEAL DBT coo isd coccacccenss 1 47 Sh iS? Tale Ve 
Ceuta ...... . 2 6 Se Foj1By Gikslecd 
Tetuan. 2 23 Pt Bi Bei Gf O.16 
LUST 1 42 ee OP Ce Oe Fa) 
UM Ul des svepe Sehene seveseees 1 46 Me Dil he balisics 
Mogador.........++ 118 12 ..4,|.8 0) 3 6 


A similar phenomenon is witnessed at the other end 
of the sea. Here the fresher waters of the Black Sea 
rush in through the narrow channel of the Dardanelles, 
causing a surface inflow of comparatively fresh water, 
while there is an outflow below of denser Mediterranean 
water. ‘The dimensions of the Straits are too small to 
make the phenomenon of any importance for the sup- 

ly of the Mediterranean. The conditions both in the 
fatdtnellcs and in the Bosphorus were examined very 
carefully in the year 1872 by Captain Wharton, R.N., 
of H. M. S. ‘‘Shearwater,’’ and his results are published 
in an interesting report to the admiralty, of that date. 
It is remarkable that the comparatively fresh water of 
the Black Sea persists without sensible mixture through 
the Sea of Marmora and into the Dardanelles, while 
there is constantly a current of Mediterranean water 
running underneath, and the depth in the two channels 
is only from 30 to 50 fathoms. There can be little 
doubt that the saltness of the Black Sea is due wholly 
to the return current of Mediterranean water entering 
through the Bosphorus. Were the exit of the Black 
Sea a channel with sufficient fall to bring the surface 
of the Sea of Marmora below the level of the highest 
part of its bottom, so that no return current could take 
place, the waters of the Black Sea would be fresh. 

In the body of the sea the rise and fall are much 
less than at any of the places in the above table. At 
Algiers a self-recording tide gauge was set up by Aimé, 
and from its records he deduced a rise and fall of 88 
millim. (say 33 in.) at springs and half that amount at 
neaps, a fluctuation which would escape ordinary obser- 
vation, as it would be masked by the effects of atmo- 
spheric disturbances. At Venice and in the upper 
reaches of the Adriatic, the true lunisolar tide seems 
to be more accentuated than in other parts; but here 
also its effects are subordinate to those of the wind. 
In summer the Mediterranean is within the northern 
limit of the north-east trade-wind; consequently, 
throughout a great part of the year, the winds are 
tolerably constant in direction; and, blowing as they 
do over large areas of water, they are instrumental in 
moving large masses of it from one point to another, 
and so producing streams and currents. 

The effect of wind on a surface of water is twofold : 
it produces the rhythmic motion of waves and the 
motion of translation of currents. Besides the motion 

produced by the direct action of the wind on the sur- 
Pict: there are currents due in the first instance 
to the accumulation of water produced by a wind 
which has been blowing constantly in one direction. 
The phenomenon of an abnormally high tidal rise with 
a gale of wind blowing on shore is one with which 
inhabitants of the British Islands are familiar. It is 
also a matter of frequent observation that, for instance, 
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a south-west gale which exaggerates the height of 
high water on the western coasts of Britain reduces it 
on the east coasts. It blows the water on the west 
coast and off the east coast, so that the difference in 
the high-water levels on the two coasts is very pro- 
nounced. Supposing free communication were quickly 
made between the two coasts, a current would be the 
result, and its violence would be much greater than 
would be due to the local action of the wind on its 
surface. In the Mediterranean the winds blow during 
a great portion of the year very constantly from one 
direction or another, and generally from north and east. 
The extent of the sea is so great that the slope pro- 
duced by the transference of the surface water con- 
stantly in one direction might have a sine or are 
capable of being measured in feet and inches when the 
radius is as much as 200 miles long. Thus at Port 
Mahon, in the island of Minorca, according to the 
Admiralty Sailing Directions, the water rises and falls 
according to the direction of the wind. With wind 
from south-east or south-west the water rises, but from 
north-west or north-east it falls. When northerly or 
north-westerly winds prevail, and this is the case for 
two-thirds of the year, a strong current sets to the 
south-west off Ayre Island, which is reversed in seasons 
when south-westerly winds'prevail. This current is due 
to the water escaping round the end of Minorca having 
been driven southward so as to raise a head on the 
north coasts of the island. Similarly in the Faro or 
Strait of Messina the currents, of which the famous 
Scylla and Charybdis are swirls or eddies, are the evi- 
dence of a tendency towards equalizing the levels of 
the eastern extremity of the western basin and of the 
western extremity of the eastern basin. In addition to 
this peculiarity of position with reference to the two 
basins, it has been found that there is a very strong 
purely tidal influence at work which alone produces an 
alteration in the direction of the currents, and thus 
adds to the confusion of the waters. At Capo di 
Faro the rise is scarcely perceptible, at Messina it may 
attain a maximum of 10 to 13 inches. In the Straits 
of Bonifacio, between Corsica and Sardinia, the cur- 
rents follow entirely the direction of the prevailing 
winds, and are at times very rapid. In the channel 
between Sicily and the African coast the currents also 
follow the winds. In long periods of calm weather a 
steady easterly set is observed, no doubt a prolongation 
or reproduction of the Gibraltar current. 


Temperature.—N othing whatever was known of the tem- 
perature of the deep water of the Mediterranean until 
Saussure extended to it his classical investigation into that 
of the Swiss lakes. In October, 1780, he sank his thermom- 
eter to a depth of 160 fathoms off Genoa and of 320 fathoms 
off Nice, and at both depths he found the temperature of 
the water to be 55°°8 F. These observations have a special 
value, for, owing to Saussure’s method of experimenting, 
his results were not affected by the pressure obtaining at 
great depths in the sea, Fifty years elapsed before any 
similar experiments were made, when D’Uryille, in the 
“ Astrolabe,’ made a few observations at the beginning and 
the end of his famous expedition. There is some un- 
certainty about his observations in 1826 and 1829, and also 
about the later ones of Bérard in 1831, as we are not in- 
formed whether the self-registering instruments used were 
protected from pressure or not. Mr, Prestwich,! however, 
who has collected and critically discussed all the older 
deep-sea temperature observations, concludes, from a com- 
parison of their results with those obtained by Aimé with 
protected instruments, that they were so protected, and 
admits their results into his tables without correction. In 
the deep water to the northward of the Balearic Islands 
D’Urville found in April, 1826, 54°°5 F. in 270 fathoms, and 
in March, 1829, 54°°7 at the same depth, and the same tem- 
perature (54°°7) in 530 fathoms. Bérard, experimenting in 
the sea between the Balearic Islands and Algeria, found 
the temperature of the deep water nearly a degree higher, 
namely 55°'4 F., in depths of 500 to 1000 fathoms. Aimé? 
relates his own careful experiments on the temperature of 
both surface and deeper water in the neighborhood of 


1 Phil. Trans., 1875, part ii. p. 601. 
2 Ann. Chem. et Phys., 1845, xv. p. 5. 
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Algiers, and discusses them in connection with those of 
other observers with very great. ability. He concludes 
from his own observations and those of Bérard that the 
uniform temperature at great depths is 54°86 fF, From a 
consideration of the general climate of the Mediterranean, 
he comes to the conclusion that the temperature in the 
deeper layers of the sea ought to be lower than the annual 
moan of the surface, and that it ought to be not very 
different from the mean surface temperature in the winter 
months. From observations at Toulon and Algiers, he 
finds that at neither place does the surface temperature 
fall below 50° F,, and that the mean surface temperatures 
in the months December, January, February, March, and 
April is at Toulon 538°°06 F. and at Algiers 56°84 F, The 
mean of these two temperatures is 54°°9 F., which is al- 
most exactly what he finds to be the mean annual temper- 
ature of the deepest water of the western basin, During 
the forty years which have elapsed since Aimé made his 
experiments and speculations, further observations have 
only tended to confirm his theory, It is true that the 
temperatures observed in the many soundings which have 
been made of late years have not shown absolute identity 
of temperature, and it is probable that the greater the re- 
finement in the instruments used the more decided will 
the local differences appear. specially it will be apparent 
that the bottom temperature varies with the climate of the 
preceding winter, and the distribution of temperature 
varies much with the prevalence of the winds. At the 
few stations where the temperature of the sea-water and 
that of the air are regularly examined, it appears that the 
water is generally for the greater part of the year warmer 
than the air, and in winter considerably so, ‘The existing 
observations, however, are too few to justify any very 
definite statement on the subject. At Palermo the sea is 
warmer than the air throughout the whole year with the 
exception of the months May and June. In Algiers Aimé 
found but little difference; in autumn and winter the 
water was slightly warmer, in spring and summer slightly 
colder, than the air. In the eastern basin we have first 
Admiral Spratt’s observations in July, 1845, in Aogina Gulf, 
In all his experiments made previous to the year 1860 he 
determined the temperature of the bottom water by taking 
that of the mud brought up in the dredge. ‘This is a very 
excellent method; in fact it is probably the best of all 
mothods if a sufficient quantity of mud be obtained. Fram 
1860 he used self-registering unprotected thermometers, 
which gave results neéessarily too high, and it is imposs- 
ible to apply any reliable correction to them without ex- 
perimentally determining if on each thermometer which 
was used, By the first method Admiral Spratt found 
55°°5 I. at depths between 100 and 200 fathoms, 

From these observations it seemed reasonable to con- 
clude, as Aimé had done, that all over the Mediterranean 
a practically uniform temperature is found at all depths 
greater than 100 or 200 fathoms, and that this temperature 
is 54° to 56° F. In order thoroughly to investigate this 
matter, as well as the biological conditions of the deep 
water of the Mediterranean, H, M.S. “ Poreupine,” Captain 
Calver, with Messrs. Carpenter and Gwyn Jeffreys, visited 
the western basin of the Mediterranean in the autumn of 
1870. A Jarge number of temperature observations were 
made in the western basin near its southern coasts, and 
one sounding with temperature observation in the eastern 
basin a short distance from the Sicilian coast, the result of 
which was to confirm the conelusion arrived at from 
earlier observations, that, however high the temperature 
of the surface may be (and it may reach 90° F.), the water 
becomes rapidly cooler as we go below the surface until we 
reach a depth of about 100 fathoms, where a temperature 
of 54° to 56° KF. is found, and persists without sensible 
variation to the greatest depths. The average of all the 
bottom temperatures in the western basin was 54°88 F, 
Three soundings were made in the intermediate basin to 
the eastward of Pantellaria in depths of 266, 890, and 445 
fathoms, and in each case the bottom temperature was 
found to be 56°°5 F., or about a degree and a half warmer 
than in the deeper western basin. ‘This is precisely what 
might have been expected from what we know of inland 
seas divided into several basins. In summer the shallower 
basin has usually a higher temperature at the bottom than 
is found at the same depth in the deeper one, Only one 
observation was made in the eastern basin, namely off Cape 
Passaro, in 1743 fathoms, with a bottom temperature of 
56°O That the temperature in this basin should be 
lower than in the Pantellaria basin is due to its greater 
depth, and that it should be higher than is found in the 
western basin is due to its lower latitude, These researches 


wero further prosecuted in the autumn of 1871 in the- 


“Shearwater,” Captain Nares, accompanied by Dr. Car- 
penter, At two stations in the eastern basin “serial tem- 
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peratures’? were taken. At the first, 35° 54’ N. lat., 16° 
23’ KE. long., depth 1650 fathoms, the bottom temperature 
was 56°, or the same as had been observed the year before 
in 1743 fathoms; at the second, 82° 174’ N. lat., 26° 44’ EB. 
long., depth 1970 fathoms, the bottom temperature was 
56°'7, and the temperature at all intermediate depths was 
much higher than at the first station. The mean temper- 
ature of the water from the surface to a depth of 200 
fathoms was, at the first station, 68°°75 F., and at the 
second 66°°78 F., or three degrees higher. At the first 
station all the temperatures down to 100 fathoms are higher 
than were observed in 1870 in the western basin, but it 
must be remembered that temperature observations made 
in different years cannot with justice be closely compared, 
as the climates of the two years are sure to differ con- 
siderably, and in the present case the difference in climate 
between the summers of 1870 and 1871 appears to haye been 
very considerable. 

In the autumn of 1881 a very interesting series of obser- 
vations were made by Captain Magnaghi, hydrographer of 
the Italian navy, and Professor Giglioli, on board the 
Italian surveying ship “ Washington,” in that part of the 
western basin which is enclosed between the islands Corsica 
and Sardinia on the one side and the Italian coasts on the 
other. It is here that the deepest water of the western 
basin was found ; and, apart from the great interest attach- 
ing to the physical results obtained, the collections made 
with the dredge in the comparatively lifeless waters were 
of the very highest importance, showing, as they did, a 
practical identity in the abyssal fauna with that of the 
open ovean, This is the more remarkable as we have 
hitherto been accustomed to consider the similarity in the 
fauna of portions of the ocean remotely distant from each 
other as being due to the likeness of their temperatures. 
In the Mediterranean, however, the bottom temperature 
is quite 20° F, higher than is found in great depths any- 
where in the open ocean. 

For determining the temperature of the deep water 
Captain Magnaghi used the half-turn reversing thermom- 
eter of Negretti and Zambra, which in itself is a very 
beautiful instrument. The mechanical arrangement, how- 
ever, for reversing, even as improved by Magnaghi, was not 
so satisfactory, and from certain irregularities in the tem- 
perature obseryations reported the writer is inclined to 
think that some of the remarkable results obtained, for 
instance on the 11th August, are due to this instrumental 
imperfection, On that day the water at 70 metres was 
found to have a temperature of 25°°1 C., while that at 50 


metres was 20°1 C., and that at 90 metres was 16°7 ©,. 


The results obtained in the deep water are no doubt quite 
reliable, for the temperature is so uniform that a few 
fathoms more or less in the depth at which it turned would 
make no difference in the temperature registered. In the 
more northern parts of this portion of the western basin, 
off the coast of Corsica, we find a practically uniform tem- 
perature from 250 metres down to the bottom in 2800 
metres, the mean bottom temperature being 55°96 F, 
Further to the south the temperature of the abyssal water 
appears to be distinctly higher. Thus between the south 
end of Sardinia and the Bay of Naples, in the deepest 
water, the practical uniformity of temperature is not 
reached until a depth of 1000 metres has been passed, and 
it is there 56°°7 F, It is unfortunate that we do not know 
what the bottom temperature in other parts of the Medi- 
terranean was. In this summer of 1881 it was quite one 
degree higher than that observed by Dr. Carpenter in 
1870. 

The great value of such a volume of water as an equalizer 
of temperature on its shores must be apparent, though in 
this respect it is inferior to the Atlantic Ocean in its im- 
mediate neighborhood. Places on the west coast of Spain 
and Portugal have a much higher winter temperature and 
lower summer tomperature than places in the same latitude 
in Italy. The reason of this is simple: on the Atlantic 
coast the principal winds in winter are from the south- 
west, and have a warming effect, while in summer the 
source of the north-east trade wind is pushed back into the 
Bay of Biscay, causing in this season constant northerly 
winds along the coast of Portugal. The winds of the 
Mediterranean have no seas of remote latitudes to draw on 
either for heating or cooling purposes, though the sandy 
deserts of Africa which bound its southern coasts have at 
cortain seasons a very decided influence on the climate. 
The tempering action of the sea does not extend very far 


inland, as is evident from the climate of inland towns in | 


Italy. As the Mediterranean shores have so much im- 
portance as health-resorts, the data presented in the fol- 
lowing table are of interest. They are taken chiefly from 
he ita Fischer’s Studien tiber das Klima der Mittelmeer- 
liinder. 
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Table of mean January temperature (J.), of mean temperature 
of three winter months, December, January, and February 
(W,), also Rainfall (R.) in the same three months, for places 
on the Mediterranean, with those for some others for compar- 
ison. 


Scllly. 44°00 | 45°76 


ome 99 |) Jersey 4070 | 4297 | LOL 
Naples 105 || Ventne | 41-80 | 42°60 
Catania 715 || Pembroke 41°10 | 40°97 | 122 
Palermo 8B || Monach (He 42:90 | 48°27 | 169 


Place. J w. R Place, J Ww. R, 
Of,| OF.) In, | OF,| OF, | In, 
BUIGROS va5 05 <0 46'4 | 48°L 14°2 || Ajacclo ...csveessese 5045 | beer #0 
Oporw +| 49°5 | 6054 | 231 || Trieste . 8995 | ALS 18 
Lisbon 50°54 | 609 | 118 || Corfu. 60°45 | 61°28 | 225 
Tarifa, 62:88 | 536 96 )| Athons. ATT | 402 67 
Gibralta 540 | 545 | 124 || Constant 4028 | 46 | 10d 
Malaga «| 640 | 67°38 Jerusalem . 45°74 | A017 127 
Valencia +| 50°72 | 62°52 | 4°3 |! Port Bald, OTH | OT 
Mahon... aa ¥ 52-52 OM POsniscvcses +e | SOBA | B8'L 
Bareelona....... 49°64 | 4°17 || Alexandrin.... «| 600 | 60-1 56 
Montpellier . 4316) 93 UCE. creceresee 56 | B6°bH 
Marseill t 50 |) Tunis 58-06 | 56°76 
Nine... 92] 8b |] Algter: HHI8 | 50°66 | 144 
Mentone 5 Oran o.eses 68 | 6276 | HO 
San Rem sf 80 
Genow . 66 | 160 |) 8. Cruz (Teneriffe). | 6484 | 64°65 
Turion 46°06 | 46 |) Munobal (Madeirn)..) 6040 | 61-60 
Milan D w0 
Venloe Bod | Valentin (Ireland)..| 45°00 | 44°60 | 183 
46 
Natwre of the Bottom.—In the western basin the bottom 


consists chiefly of clay of a gray to brownish color. With- 
out doubt, when freshly collected, the surface layer is red- 
dish brown and the lower ones dark gray. There is always 
some carbonate of lime, chiefly due to Foraminifera. The 
mud very much resembles that obtained from similar 
depths in those parts of the open ocean whose bottom 
waters are shut. off from free communication by ridges 
which may not approach within 2000 or 1500 fathoms of 
the surface, and with the exception of the Foraminifera it 
much resembles the mud from enclosed and comparatively 
shallow basins off the west coast of Scotland. In the fol- 
lowing table the analyses are given of a few samples on 
the line of the submarine cable connecting Marseilles with 
Algiers. 


Locality. Composition per cent, 
Depth Insoluble in HOL, Soluble in HC), 
Latitude Longitude 14 —— | ——__——— . 
“ Fathoms.| Residue, Bae OaCOy| Pegg) FeO | AlyOy 


1,343 | 66°13 | 68°98 | 19°79 | 


87° 89’ | 3° 23’ 8:09 | 0°39 | 3:46 
88°11’; 4° 6’ | 1,469 | 89°16 | 79°98 | 8825 | 244 | O25 | 1008 
; 732 | 28:18 | 78°98 | 47°50} 2°21 | 0:20 | 2°54 

730 | 48°68 | 70°16 | 31°52] 2°09 | 0°33 | 4:26 

265 | 48°04 | 78°60 | 80°80} 240 | 0°36) 4°58 


To the student of the physical conditions of the sea the 
Mediterranean possesses a very high interest; its size is 
such as to entitle it to rank among oceans, while it is 50 
completely cut off from the remaining world of water that 
it presents us with a type which is purely local, and one 
might almost say provincial. (J. ¥. Bi) 

MEDLAR, Mespilus Germanica, I, of the tribe 
Pomece of the order Roscacece, regarded by Bentham 
and Hooker as a subgenus of Pyrus (Gen. PL, i. 626; 
see also DO., Prod., ii. 633; Trans. Lin. Soe, xiii. 
99), is a native of Huropean woods, ete., from Holland 
southwards, and of western Asia (Loudon, Arb., ii. 
877). It occurs in hedges, etc., in middle and south 
England, as a small much-branched spinous tree, but 
is not indigenous to Great Britain (Hooker's Stud. 27. 
of Br. Isles, 132; Baxter's Brit. Gen. of Pl., 493, and 
Mag. Nat. Hist., vol. ix. 86). The medlar was well 
known to the ancients, Pickering (Chron. Hist. of 
P1., 201) identifies it with a tree mentioned in a Siao-ya 

She-King, ti..1, 2), 827 B.0. It is the peortAn of 
Theophrastus and Mespilus of Pliny, Loudon (7. ¢.) 
rives three varieties difusa, stricta, and sylvestris— 
the last being spiny, but losing its spines under cultiva- 
tion,—as well as four varieties of fruit. He also men- 
tions several instances of large specimens throughout 
England. The well-known fruit is globular, but de- 
pressed above, with leafy persistent sepals, and contains 
stones of a hemispherical shape. It is not fit fo eat un- 
til it begins to decay. (lor culture of the medlar see 
Horticurrurs.) She Japanese medlar is Mriobotrya 
i L., a genus of the same tribe of Losmcere, 
is the name given to the district in France 
adjoining the left bank of the Gironde from Ambés, 
the point where the Garonne and Dordogne unite, to 
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Lesparre, where the marshes and polders which border 
on the mouth of the river begin; it6 length varies from 
35 to 40 miles, its breadth from !2 to 5, and the area is 
about 3886 square miles. It is formed by a number of 
low hills, which separate the Landes from the Gironde, 
and is traversed only by small streams; the Gironde 
itself is muddy, and often enveloped in fog, and the 
region as a whole is very far from being picturesque ; 
but a fifth part of its soil is oceupied by vineyards, the 
products of which form the finest growths of Bordeaux. 
Of these the most esteemed are Chiteau-Margaux, 
Chateau-Laffitte, and Chateau-Latour, Prior to the 
ravages of the Phylloxera, the annual product of the 
Médoe district was 40,000 tons, of which 9000 were 
of fine quality, 

MEDUSA. See Goraon, vol, x. p. 697. 
Hyprozoa, vol. xii. p. 580 sq. 

MEDYN, a district town of Russia, situated in the 
government of Kaluga, 39 miles north-west of the eap- 
ital of the province, on the highway from Moscow to 
Warsaw. It was formerly known under the name of 
Mezetsk, and in the 14th century formed part of the 
Smolensk principality. The soil of the surrounding 
country bemg rather infertile, the population is en- 
gaged to some extent in manufactures of linen, cotton, 
and paper, and the merchants of Medyn carry on a brisk 
trade in this produce, as well as in rye, oats, and hemp 
seed. The population is 8000, 

MBER, dan VAN DER (1682-1675), of Delft,—not 
to be confounded with the elder or younger Van der 
Meer of Haarlem or with Van der Meer of Utrecht, — 
is one of the excellent painters of Holland about whom 
the Dutch biographers give us little information.' Van 
der Meer, or Vermeer, by which name he is also known, 
was born in Delft in 1632, There is a tradition, handed 
down by the Dutch writers, that he was « pupil of Carel 
labritius, but, in the strict. sense of the word, this is 
almost impossible, for Fabritius was but eight years 
older than Van der Meer, and entered the guild of 
St. Luke only one year before our painter. Irom his 
early death the works by Fabritius are few, but his 
contemporaries speak of him as aman of remarkable 
ower, and the paintings now ascertained to be from 
hie hand, and till recently ascribed to Rembrandt, prove 
him to have beem deeply imbued with the spirit and 
manner of that master. Whether Van der Meer had 
ever any closer relation to Rembrandt than through 
companionship with Fabritius remains as yet uncer- 
tain. In 1653 he married Catherine Bolenes, and in 
the same year he entered the guild of St. Luke of 
Delft, becoming one of the heads of the guild in 1662, 
and again in 1670. He died at Delft im 1675, leaving a 
widow and eight children. His circumstances cannot 
have been flourishing, for at his death he left twenty- 
six pictures undisposed of, and his widow had to apply 
to ne court of insolvency to be placed under a curator, 
who, it is interesting to know, was Leeuwenhoek, the 
naturalist. 

It is his works, however, that claim our attention. 
Yor more than two centuries he has been almost com- 
pletely forgotten, and his pictures have been sold wnder 
the names and forged signatures of the more popular 
De Hooch, Metazu, Terborch, and even of nceHNde 
The honor of first recalling the attention of the art- 
world to this most original painter belongs undoubtedly 
to Thoré, an exiled Frenchman, who described his then 
known works in his Musées de la [Hollande (1858-60), 
published under the assumed name of W. Biirger. 
"he result of his researches, continued in his Galerie 

1 This undeserved neglect seems to have fallen on him at an 
early period, for Houbraken (Groote Schouburgh, 1718), writing 
little more than forty years after his death, does not even men- 
‘tion him. he only definite information we have from a con- 
temporary is given by Bleyswijek (Besehrijving der Stad De 


1687), who tells us that he was born in 1632, and that he workec 
along with Carel Pabritius, an able disciple of Rembrandt, who 


See also 


lost his life by an explosion of a powder magazine in Delft in 
1654, It is to the patient researches of W, Birger (Thoré), Ha- 


yard, Obreen, Soutendam, and others that we owe our know. 
| ledge of the main facts of his fe, discovered in the archives of 
| his native town, 
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Suermondt and Galerie d’ Arenberg, was afterwards 
given by him in a charming, though icomplete, mono- 
graph (Gazette des Beaux-Arts, 1866, pp. 297. 458, 
542). The task has since been prosecuted with success 
by Havard (Les Artistes Hollandais), and by Obreen 
(Nederlandsche Kunstgeschiedenis, D\. iv.), and we are 
now in a position to refer to Van der Meer’s works. 
His pictures are rarely dated, but, luckily for us, one 
of the most important bears the date 1656, and thus 
gives us a key to his styles. The picture referred to is 
the only one that has figures of life size. It is the 
Woman and Soldier, with other two figures, of the 
Dresden gallery, and is painted with remarkable power 
and boldness, great command over the resources of color, 
and with wonderful expression of life. For strength 
and color it more than holds its own beside the neigh- 
boring Rembrandts. ‘To this early period of his career 
belong, from internal evidence, the Reading Girl of 
the same gallery, the luminous and masterly view of 
Delft in the museum of the Hague, La Laitiére and 
the small street view, both in the collection of M. Six 
van Hillegom at Amsterdam, Le Soldat et la Villette 
qui Rit of M. Double, the Country House in the gallery 
at Berlin, and others. In all these we find the same 
brilliant style and vigorous work, a solid impasto and a 
crisp sparkling touch. His first manner seems to have 
been influenced by the pleiad of painters circling round 
Rembrandt, a school stich we know lost favor m ETol- 
land in the last quarter of the century. During the last 
ten or twelve years of his life Van der Meer adopted a 
second manner. We now find his painting smooth and 
thin, and his colors paler and softer. Instead of mas- 
culine vigor, we have refined delicacy and subtlety, but 
in both styles beauty of tone and perfect harmony are 
conspicuous. Through all his foie may be traced his 
leve of lemon-yellow and of blue of all shades. Of his 
second style typical examples are to be seen in La Co- 
quette of the Brunswick gallery, in the Woman Read- 
ing in the Van der Hoop collection at the Hague, in 
the Lady at a Casement belonging to Lord Powerscourt 
(exhibited at Burlington House, 1878), and in the Mu- 
sic Master and Pupil belonging to the Queen (exhibited 
at Burlington House, 1876). 

Van der Meer’s works are extremely rare. There is but 
one in the Louvre, the Lace Maker; Dresden has the two 
above-mentioned, while Berlin has three, all acquired in 
the Suermondt collection, and the Czernin gallery of Vien- 
na is fortunate in possessing a fine picture, believed to rep- 
resent the artist in his studio. In the Arenberg gallery at 
Brussels there is the remarkable head of a girl, half the 
size of life, which seems to be intermediate between his 
two styles. Several of his paintings are to be found in 
private foreign collections. In all his work there is a sin- 
gular completeness and charm. In rendering momentary 
expression he isa master, and his pictures attract by the 
perfect delineation of character as well as by the technical 
skill of the painter. His tone is usually silvery with 
pearly shadows, and the lighting of his interiors is equal 
and natural. In all cases his figures seem to move in light 
and air, aud in this respect he resembles greatly his fellow- 
worker De Hooch, who entered the guild of St. Luke only 
two years later than Van der Meer. It is curious to read 
that, at one of the auctions in Amsterdam about the 
middle of last century, a De Hooch is praised as being 
“nearly equal to the famous Van der Meer of Delft.” So 
nearly are they allied that the best judges are divided in 
opinion whether the Dutch Family (‘t La Promenade’’) of 
the academy of Vienna should be attributed to our 
painter or to De Hooch. Doubtless many of Van der 
Meer’s works have yet to be restored to their proper au- 
thor; but, as he is now in vogue, much care will have to 
be used in judging. This is specially true in regard to the 
landscapes and “still-life” subjects which are attributed 
to him. The task is made more difficult by the diversity 
of style of this “ Protean painter,” as he is called by Dr. 
Waagen, or, as Biirger names him, “the Sphinx of Delft.” 

MEERANE, a rapidly increasing industrial town in 
south-eastern Saxony, lies im the district of Zwickau, 
about 37 miles to the south of Leipsic. [t contains an 
old church, a ‘‘ Realschule,’’ and a technical school for 
weavers. The leading industry is the weaving of wool- 
Jen and half-woollen cloth, employing 3000 power-looms 
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and 15,000 hand-looms, and producing goods of the 
annual value of upwards of £200,000, A large propor- 
tion of the cloth is exported to America and Japan, 
Meerane also possesses several important dye-works, 
besides smaller industrial catabllatinaiaene of yarious 
kinds, The population in 1880 was 22,293. 

MEERSCHAUM,. This German name is applied 
to a certain mineral, in consequence of its lightness, 
softness, and white color, which suggest a resemblance 
to ‘Ssea-foam.’’ In like manner it is called in French . 
écume de mer. By the German mineralogist. Glocker 
it was termed sep/olite, in allusion to its resemblance to 
the so-called bone of the sepia or cuttle-fish. Possibly 
the fact that pieces of meerschaum, washed out of their 
matrix, are occasionally found floating on the Black Sea, 
may have led to the association of the mineral with ma- 
rine products. Meerschaum is an opaque earthy min- 
eral, of white, grayish, or yellowish olan compact in 
texture, and breaking with a conchoidal or fine earthy 
fracture; it adheres to the tongue, and is so soft as to 
be seratched by the nail, its degree of hardness being 
about 2 or 2°6. Its specific gravity varies from 0'988 
to 1279; hence it floats in sea-water until saturated. 
Meerschanm js a hydrated silicate of magnesium, rep- 
resented by the formula Me,Sis,O,+n11,0. The value 
of n, according to some analyses, is 2. Most of our 
meerschaum comes from Asia Minor, especially from 
the plains of Kski-shehr, where it occurs in nodular 
masses of variable size and irregular shape, distributed 
through the alluvial deposits of the plain, whith are 
systematically worked for its extraction by means of' 
pits and galleries, ‘Che mineral is associated with magne- 
site, or carbonate of magnesium, and has probably been 
derived from the neighboring mountains, where a simi- 
lar carbonate is found in connection with serpentine. 
Meerschaum is found also, though less abundantly, in 
Greece and in some of the Grecian islands; at Hrub- 
schitz in Moravia, where it occurs in a serpentinous 
matrix; and in Moroceo, where it is used, when soft 
and fresh, as a substitute for soap; while a coarse vari- 
ety is found at Vallecas near Madrid, and is employed 
as a building stone. Meerschaum also ocewrs in South 
Carolina. 

By far the greatest quantity of meerschaum is used in 
the manufacture of tobacco-pipes, a purpose for which it is 
well fitted by its porosity. The nodular masses ave first 
roughly scraped in order to remove the red earthy matrix ; 
they are then dried, seraped again, and finally polished 
with wax. In this state the rudely-shaped nodular pieces 
are sent from the East principally to Vienna and to various 
parts of Germany. The pipe-bowls, after having been 
turned and carved, are rubbed with glass-paper and Dutch 
rushes; they are next boiled in wax, spermaceti, or stea- 
rine, and afterwards subjected to careful polishing with — 
bone-ash, chalk, ete, 

An imitation of meerschaum for common pipes is made 
of hardened plaster of Paris, treated with paraffin, and 
colored by gamboge and dragon’s blood. A peculiar prep- 
aration, into which potato largely enters, is said to have 
been successfully employed in France as a substitute for 
meerschaum, 

MEERUT, or Mrrarn, a district in the division! of 
Meerut and the lieutenant-governorship of the North- 
Western Provinces, India, lying between 28° 287 and 
29° 18” N, lat., and 77° 10% and 78° 147 Hi. long., is 
bounded on the N. by Muzaffarnagar district, on the I. 
by the Ganges, on the 8. by Bulandshahr district, and 
on the W. by the Jumna. The area in 1881 was given 
as 2361 square miles. Meerut forms a portion of the 
long and narrow plain lying between the Ganges and 
the Jumna, with a very gentle slope from north to 
south. ‘hough well wooded in places and abundantl 
supplied with mango groves, it has but few patches o 
jungle or waste land to break the general expanse of 
cultivated soil. Sandy ridges run along the low water- 
sheds which separate the minor channels, but with this 

1The division Hes between 27° 88’ and 80° 677.N, lat,, and be- 
tween 77° 7/ and 78° 42 f, long., and comprises the six districts 
of Dehra Dun, Sabdranpur, Muzaffarnagar, Meerut, Buland 


shahr, and Aligarh, The area in 1878 was 11,138 square miles, 
and the population in 1872, 4,977,178. 
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exception the whole district is one continuous expanse 
of careful and prosperous tillage. Its fertility is largely 
due to the system of irrigation canals which intersect 
it in every direction. ‘The eastern Jumna canal runs 
through the whole length of the district, and supplies 
the rich tract between the Jwnna and the Hindan with 
a network of distributary streams. The main branch 
of the Ganges canal passes across the centre of the pla- 
teal in a sweeping curve, and waters the midland tract. 
The Antipshahr branch supplies irrigation to the 
Ganges slope. Besides these natural and_ artificial 
channels, the country is everywhere cut up by small 
water-courses. The Burh Ganga, or ancient bed of the 
Ganges, lies at some distance from the modern stream ; 
and on its bank stood the abandoned ¢ity of Hastinapur, 
the legendary capital of the Pandavas at the nine of 
the Mahdbhdrata, said to have been deserted many 
centuries before the Christian era, owing to the en- 
croachments of the river. 

The census of 1872 returned the population of the dis- 
trict at 1,276,104, the Hindus numbering 991,226. Among 
the higher castes Brdhmans muster strong (109,804). 
Rajputs (both Hindus and Mohammedans) number 55,083 
and enjoy great social distinction as landholder 
Banids, or traders (66,942), also now hold 
landed property. The great cultivating castes are the 
Chamars (197,273) and Jats (145,514), The Gujars (60,350) 
are a pastoral tribe, with an ancient character for plunder 
and ecattle-lifting, which is now passing away. ‘The Mo- 
hammedans (281,857) are for the most part the descendants 
of converted Hindus. The Christian population consists of 
2149 Europeans, 142 Eurasians, and 730 natives. Fifteen 
towns in the district contain a population exceeding 5000; 
namely, Meerut, 81,386; Hépur, 14,544; Sardhdna, 12,466; 
Garhmukhtesar, 7962; Baigpat, 7367; Ghazidbdd, 7365; 
Shahdavra, 7257; Baro, 7056; Mawdna, 6864; Pilkhud, 6239; 
Khekara, 6045; Tikri, 5698; Kirthal, 5651; Dasna, 5605; 
Chaprauli, 5594. 

Meerut is one of the most flourishing and best tilled dis- 
tricts of the Dotb. Out of a total area of 1,505,824 acres, 
as many as 1,048,221 were under cultivation in 1881, 
281,095 acres being irrigated by Government works, and 
303,526 by private individuals. The grazing lands com- 
prehended 242,091 acres, and the waste 185,400, The con- 
dition both of agricultural laborers and of artisans and 
workmen in the towns has considerably improved of late 
years. About one-half the soil is cultivated by the pro- 
prietors themselves, the remainder being about equally 
divided between tenants with occupancy rights and ten- 
ants-at-will. Rents are paid in money, and range from 
18s. 10d. per acre for the best canal-watered lands down to 
2s. 5d. per acre for “dry” unirrigated soils. The chief 
exports of the district are grain, cotton, and indigo; and 
the principal imports are Manchester goods, English hard- 
ware, tobacco, drugs, and spices. The chief commercial 
centres are Meerut, Ghazidbdéd, and Bagpat. Besides the 

- great waterways of the Jumna and Ganges, and the navi- 
gable canals, communication is afforded by the East Indian 
and the Punjab and Delhi Railways; also by 1505 miles of 
made roads. In 1876 the district was in the administrative 
charge of four covenanted civilians, and contained seven- 
teen magisterial and fifteen civil courts. The gross revenue 

‘in 1881 was £248,754, of which £203,977 was derived from 
the land-tax ; the cost of officials and police was £27,520, 
In 1881 there were 214 schools, attended by 6677 pupils. 
The comparatively high latitude and elevated position of 
Meerut make it one of the healthiest districts in the plains 
of India, The average temperature varies from 57° ahr. 
in January to 87° in June, The rainfall is small, less than 
30 inches annually. The only endemic disease in the dis- 
trict is malarial fever; but small-pox and cholera occa- 
sionally visit it as epidemics, 

The authentic history of the district commences with 
the Moslem invasions. Until the 11th century it is prob- 
able that Meerut was mainly in the hands of predatory 
native tribes, such as the Jdéts and Dors. The first un- 
doubte® Mohammedan invasion was that of Kutab-ud-din 
in 1191, when Meerut town was taken, and all the Hindu 
temples turned into mosques. In 1398 Timfxr swooped 
down upon the district, captured the fort of Loni after a 
desperate resistance, and put all his Hindu prisoners to 
death. He then proceeded to Delhi, and after his memor- 
able sack of that city, returned to Mecrut, captured the 
town, razed all the fortifications and houses of the Hindus, 
and put the>male inhabitants to the sword. The firm 
establishment of the great Mughal dynasty in the 16th 
century, under Bébar and his successors, gave Meerut a 


period of internal tranquillity and royal favor. After the 
death of Aurangzeb, however, it was exposed to alternate 
Sikh and Mahrattdé invasions. From 1707 till 1775 the 
country was the scene of one porpetual strife, and was only 
rescued from anarchy by the exertions of the military 
adventurer Walter Reinhardt, afterwards the husband of 
the celebrated Begdim Samru, who established himself at 
Sardhéina in the north, and ruled a large estate. The 
southern tract, however, remained in its anarchic condition 
under Mahratté exactions until the fall of Delhi in 1803, 
when the whole of the country between the Jumna and 
the Ganges was ceded by Sindhia to the British. It was 
formed into a separate district in 1818, In the British 
period it has become memorable as being the place where 
the first outbreak of the great mutiny of 1857 took place, 


MEERUT, a city and cantonment in the above district, 
is situated about halfway between the Ganges and the 
Jumna, in 29° 0’ 41” N. lat. and 77° 45’ 37 K. long. 
The city proper lies south of the cantonments, and al- 
though a very ancient town, dating as far back as the 
days of the Buddhist emperor Asoka (ere. 250 B. 0.), 
Meerut owes its modern importance to its selection by 
the British Government as the site of a great military 
station. In 1805 it is mentioned as ‘‘a ruined depop- 
ulated town.”’ The cantonment was established in 1806, 
and the population rose rapidly to 29,014 in 1847, and 
82,035 in 1853, In 1872 the census returned the pop- 
ulation (exclusive of the military) at 81,386, viz., Hin- 
dus, 47,606; Mohammedans, 33,532; Christians, 248. 
The slight decline of population between 1853 and 1872 
may probably be attributed to the mutiny of 1857. Most 
of the streets have a poor appearance, owing to the hasty 
manner in which they were erected. he cantonment, a 
little to the north of the city, forms the headquarters of 
a military division. The principal building is the Meerut 
church with its handsome tall spire. There are also a 
Roman Catholic church, mission chapel, asylum for the 
relief of Kuropeans and Christians, and a club, The 
Mall is one of the finest drives in India. 

MEGALOPOLIS, a city of southern Arcadia, sit- 
uated in a plain about 20 miles south-west of Toegea, on 
both banks of the Helisson, about 24 miles above its 
junction with the Alpheus. Like Messene, it owed its 
origin to Hpaminondas, and was founded in 870 B. ¢., 
the year after the battle of Leuetra, as a bulwark for 
the southern Arcadians against Sparta, and as the seat 
of the Arcadian federal diet, wack consisted of ten 
thousand men. The builders of the city were protected 
by a Theban force, and directed by ten native oocists, 
who likewise attended to the peopling of the new city, 
which apparently drew inhabitants from all parts of 
Areadia, but more especially from the neighboring 
districts of Meenalia and Parrhasia. Forty townships 
are mentioned by Pausanias (viii. 27, 8-5) as having 
been incorporated in it. It was fifty stadia in cireum- 
ference, and was surrounded with strong walls. Its 
territory was the largest in Arcadia, extending north- 
ward 24 miles. ‘The city was built on a magnificent 
scale, and adorned with many handsome buildings, 
both public and private. Its temples contained many 
ancient statues brought from the towns incorporated in 
it. On the north side of the Helisson, which divided 
it into two nearly equal parts, was the agora with four 
porticos, the gymnasiwn, a sacred grove, temples to the 
psa Zeus, Pan Oinocis, Rhea, Tyche, the great god- 
desses (Demeter and Core), Zeus Philios (with a statue 
by Polyeletus), Aphrodite, Core, Athena Polias, and 
Hera Teleia. Among the numerous statues which 
stood in the open air the finest was that of Apollo 
Hpicurius, 12 feet high, brought from the beautiful 
temple of Bassee, which was built by Ictinus, and is 
still in great part standing. On the south side of’ the 
river were the theatre, the largest in Greece, the Ther- 
silion or hall for the assembly of the Arcadian diet, a 
house built for Alexander the Great, with a statue of 
Zeus Ammon, the stadium, temples to the Muses, 
Apollo, and Hermes, to Aphrodite, to Ares, to Di- 
onysus, to Hercules and Hermes, to Artemis Acrotera, 
to Asclepius and Hygica, to the son of Asclepius, and 


’ 


836 


to Apollo. Of all these buildings, with the exception 
of the theatre, hardly a trace remains above ground. 
The ruins of Megalopolis are near Simanou. 


The foundations of Megalopolis were hardly laid when 
Agesilaus undertook an expedition in the hope of breaking 
up the union of which it was the visible sign and capital, He 
accomplished nothing, and had hardly reached home when 
*the Thebans and their allies under Epaminondas and Pelo- 
pidas entered the Peloponnesus and marched through Laco- 
nia almost unopposed, After the departure of Epaminondas, 
Lycomedes of Mantinea succeeded in drawing the Arcadian 
federation away from its alliance with Thebes, in conse- 
quence of which it had to make common cause with Athens, 
An attempt on the part of the federation to use the treas- 
ures of the temple of Zeus at Olympia led to internal dis- 
sensions, so that in the battle of Mantinea (362) one half of 
the Arcadians fought on the side of the Spartans, the other 
on that of the Thebans. After this battle many of the in- 
habitants of Megalopolis sought to return to their former 
homes, and it was only by the assistance of three thousand 
Thebans under Pammenes that the authorities were able 
to prevent them from doing so. In the year 352, when 
Thebes had her hands full with the so-called Sacred War, 
the Spartans made an attempt to reduce Megalopolis; but 
the Thebans promptly sent assistance, and the city was 
rescued. Not sure of this assistance, the Megalopolitans 
had appealed to Athens, an appeal which gave occasion to 
Demosthenes’s oration epi MeyadoroAtrav, The Spartans 
were now obliged to conclude peace with Megalopolis and 
acknéwledge her autonomy. Nevertheless their feeling 
. of hostility did not cease, and Megalopolis consequently 
‘ entered into friendly relations with Philip of Macedon. 
Twenty years later, when the Spartans and their allies re- 
belled against the power of Macedon, Megalopolis remained 
firm in its allegiance, and was subjected to a siege of con- 
siderable duration. After the death of Alexander, Megal- 
opolis was governed by native tyrants. In the war be- 
tween Cassander and Polysperchon it took part with the 
former, and was, in consequence, besieged by the latter. 
On this occasion it was able to send into the field an army 
of fifteen thousand. In 234 B.c. Lydiades, the last tyrant 
of Megalopolis, voluntarily resigned his power, and the 
city joined the Achzean league. In consequence of this it 
was once more exposed to the bitter hatred of Sparta. In 
222 Cleomenes took and plundered it, and killed or dis- 
persed its inhabitants, but in the year following it was 
restored and its inhabitants reinstated by Philopemen, a 
native of the city. At this time the circuit of its walls, 
always too great, seems to have been contracted. At all 
eveuts it never again attained political importance, and 
gradually sank into insignificance. The only great men 
whom it produced were Philopemen and Polybius the his- 


torian. lLycortas, the father of the latter, may be accounted 
athird. In the time of Pausanias the city was mostly in 
ruins. 


MEGALOSAURUS. See ReEprizzs. 

MEGAPODE, the name given generally to a 
small but remarkable Family of Birds, highly charac- 
teristic of some parts of the Australian Region, to 
which it is almost peculiar. The Megapodiide. with 
the Cracide form that division of the order Gallinc 
named by Professor Huxley Peristeropodes (Proc. Zool. 
Society, 1868, p. 296), and morphologically seem to be 
the lowest of be Order, with which apparent fact may 
perhaps be correlated their singular habit of leaving 
their eggs to be hatched without incubation, burying 
them in the ground (as many Reptiles do) or heaping 
over them a mound of earth, leaves, and rotten wood. 
This habit attracted attention more than three hundred 
years ago,’ but the accounts given of it by various tray- 


1 Antonio Pigafetta, one of the survivors of Magellan’s glo- 
rious but disastrous voyage, records in his journal, under date 
of April, 1521, among the peculiarities of the Philippine Islands, 
then first discovered by Europeans, the existence of a bird there, 
about the size of a Fowl, which laid its eggs, as big as a Duck’s 
in the sand, and left them to be hatched by the heat of the sun 
(Premier Voyage autour dw Monde, ed. Amoretti, Paris, A. R. ix, 
p. 88). More than a hundred years later the Jesuit Nieremberg, 
in his Historia Naturz, published at Antwerp in 1635, described 
(p. 207) a bird called ‘‘ Daie,” and by the natives named “ Tapun,” 
not larger than a Dove, which, with its tail (!) and feet, exca- 
vated a nest in sandy places and laid therein eggs bigger than 
those of a Goose. The publication at Rome in 1651 of Hernan- 
dez’s Hist. Aviwm Nove Hispanie shows that his papers must 
have been accessible to Nieremberg, who took from them the 
passage just mentioned, but, as not unusual with him, mis- 
printed the names which stand in Hernandez’s work (p. 56, cap. 
220) “ Daic” and “ Tapum” respectively, and omitted his pre- 
decessor’s important addition “ Viuit in Philippicis.” Not long 
after, the Dominican Navarrete, a missionary to China, made 
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ellers were generally discredited by naturalists,’ and as 
examples of the birds, probably from their unattractive 
plumage, appear not to have been brought to Europe, 
no one of them was seen by any ornithologist or scientif- 
ically described until near the end of the first jr of 
the present century. he first member of the Family to 
receive authoritative recognition was one of the largest, 
inhabiting the continent of Australia, where it is known 
as the Brush-Turkey, and was originally described by 
Latham in 182] under the name. of the New-Holland - 
Vulture, a misleading designation which he subse- 
quently tried to correct on perceiving its Galline cha- 
racter. It is the Zullegallus lathami of modern orni- 
thologists, and is nearly the size of a hen Turkey. 
Six smaller Ape of the same genus have since been 
described, all from New Guinea or the neighborin 
islands, but two of them, 7. pyrrhopygius and 7. 
bruynt, have been separated to form a group Apy- 
podius. The Australian bird is of a sooty-brown 
color, relieved beneath by the lighter edging of some 
of the feathers, but the head and neck are nearly 
bare, beset with fine bristles, the skin being of a 
deep pinkish-red, passing above the breast into a 
large wattle of bright yellow. The tail is commonly 
carried upright and partly folded, something like that 
of a domestic Fowl. 
_ The next form of which we may speak is another 
inhabitant of Australia, commonly known in England 
as the Mallee-bird, but to the colonists as the ‘‘ Native 
Pheasant ’’—the Lipoa ocellata, described by Gould in 
the zoological Proceedings for 1840 (p. 126), which has 
much shorter tarsi and toes, the head entirely clothed, 
and the tail expanded. Its plumage presents a pleasing 
combination of grays and browns of various tints, inter- 
spersed with black, white, and buff, the wing-coverts 
and feathers of the back bearing each near the tip an 
oval or subcircular patch, whence the trivial scientific 
name of the bird is given, while a stripe of black 
feathers with a median line of white extends down 
the front of the throat, from the chin to the breast. 
There is but one iar of this genus known, as is 
also the case with the next to be mentioned, which is 
a singular bird long known to inhabit Celebes, but 
not fully described until 1846,° when it received from 
Salomon Miiller (Arch. 7. Naturgeschichte, xii. pt. 1, 
p. 116) the name of Macrocephalon maleo, but, being 
shortly afterwards figured by Gray and Mitchell (Gen. 
Birds, iii. pl. 123) under the generic term of Megaceph- 
alon, has since commonly borne the latter appellation. 
This is a very remarkable form, bearing a helmet-like 
protuberance on the back of its head, all of which as 
a considerable stay in the eens and returning to Europe 
in 1673 wrote an account of the Chinese empire, of which 
Churchill (Collection of Voyages and Travels, vol. i.) gave an Eng- 
lish translation in 1704. It is therein stated (p. 45) that in 
many of the islands of the Malay Archipelago “there is a very 
singular bird called Tabon,” and that ‘What I and many more 
admire is, that it being no bigger in Body than an ordinary 
Chicken, though long legged, yet it lays an Egg larger than a 
Gooses, so that the Egg is bigger than the bird itself. . . . In or- 
der to lay its vees it digs in the Sand above a yard in depth; 
after laying, it fills up the hole and makes it even with the rest ; 
there the Eggs hateh with the heat of the Sun and Sand.” He 
adds further information which need not be quoted here. 
Gemelli Careri who travelled from 1663 to 1699, and in the latter 
year published an account of his voyage round the world, gives 
similar evidence respecting this remarkable bird, which he 
calls ‘‘ Tavon,” in the Philippine Islands (Voy. du tour du Monde, 
ed. Paris, 1727, v. pp. 157, 158). The Megapode of Luzon is fairly 
described by Camel or Camelli in his observations on the Birds 
of the Philippines communicated by Petiver to the Royal Society 
in 1703 (Phil. Trans., xxiii. p, 1398). In 1726 Valentyn published 
his elaborate work on the East Indies, wherein (deel iii. bk, v. 
p. 320) he very correctly describes the Megapode of Amboina 
under the name of ‘‘ Malleloe,” and also a larger kind found in 
Celebes, so as to show he had in the course of his long r@idence 
a the Dutch settlements become personally acquainted with 
oth, 

2Thus Willughby (Ornithologia, p. 297), or Ray for him, who 
had, however, only Nieremberg’s evidence to cite, and they can 
scarcely be blamed for their hesitation, considering the num- 
ber of other marvels narrated by the same worthy father. Buffon 
also (Oiseauz, ix. p. 436) was just as sceptical in regard to the re- 
lation of Careri. 

%’ As we have seen, it was mentioned in 1726 by Valentyn, and 
ayoung example was in 1830 described and figured by Quoy and 


Gaimard (Voy. del’ Astrolabe: Oiseaux, p. 239, pl. 25) as the Mega- 
podius rubripes of Temminck, a wholly different bird. 
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well as the neck is bare and of a bright red color; the | the isthmus convenient. It became a Dorian city when 
plumage of the body is glossy black above, and beneath | that tribe conquered the Peloponnesus. Like many 


roseate-white. 

Of the Megapodes proper, constituting the genus 
Megapodius, many species have been described, but 
authorities are greatly at variance as to the validity of 
several, and here it would be impossible to name all 
that have been supposed to exist. Some are only 
known from very young examples—mere chickens ; 
and some have even been described from their eges 
alone. In 1870, Mr. G. R. Gray enumerated twenty 
species, of which sixteen were represented in the Brit- 
ish Museum, and several have been deseribed since ; 
but ten years later Professor Schlegel recognized only 
seventeen species, of which examples of twelve were 
contained in the Leyden Museum (Mus. des Pays- Bas, 
viii., Monogr. 41, pp. 56-86), while M. Oustalet, in his 
elaborate monograph of the Family (Aun. Se. Nat., 
Zoologie, ser. 6, vols. x. and xi.), admits nineteen spe- 
cies. The birds of this genus range from the Samoa 
Islands in the east, through the Tonga group, to the 
New Hebrides, the northern part of Australia, New 
Guinea and its neighboring islands, Celebes, the Pelew 
Islands, and the Ladrones, and have also outliers in 
detached portions of the Indian Region, as the Philip- 
pines (where indeed they were first discovered by Kuro- 
peans), Labuan, and even the Nicobars—though none 
are known from the intervening islands of Borneo, 
Java, or Sumatra. Within what may be deemed their 
proper area they are found, says Mr. Wallace (Geogr. 
Distr. Animals, ii. p. 341), ‘Son the smallest islands 
and sand-banks aha can evidently pass over a few 
miles of sea with ease.’’ Indeed proof of their roam- 
ing disposition is afforded by the fact that the bird de- 
seribed by Lesson ( Voy. Coquille: Zoologie, p. 703) as 
Alecthelia urvillii, but now considered to be the young 
of Megapodius freycinett, flew on board his ship when 
more than 2 miles from the nearest land (Guebé), in 
an exhausted state, it is true, but that may be attrib- 
uted to its extreme youth. The species of Megapodius 
are about the size of small Fowls, the head generally 
crested, the tail very short, the feet enormously large, 
and, with the exception of M. wallact’ (Proe. Zool. 
Society, 1860, Aves, pl. 171), from the Moluccas, all 
have a sombre plumage. 

The extraordinary habit possessed by the Megapodes 
generally of relieving themselves of the duty of incuba- 
tion, as before mentioned,—a habit which originally 
attracted the attention of travellers, whose stories were 
on that very account diseredited,—as well as the highly 
developed condition of the young at birth, has been so 
fully described by Gould (//andb. B. Australia, ii. pp. 
152-175), G. R. Gray (Proc. Zool. Society, 1861, pp. 
292-296). and Mr. Wallace (Malay Archipelago, i. pp. 
415-419; ii. pp. 147-149), and so often repeated by 
other writers, as to be very commonly known, and here 
there seems no necessity to enter into further details 
concerning it. ; (A. N,) 

MEGARA was the name of two Greek towns, one 
in Sicily, which has been already described under 
Hysta, the other on the road from Attica to Corinth. 
The country which belonged to the city was called 
Meyaple or 4) Meyapixh ; it occupied the broader part of 
the isthmus between Attica, Boootia, Corinth, and the 
two gulfs, and its whole area is estimated by Clinton at 
143 square miles. The range of Mount Geraneia ex- 

_ tends across the country from east to west, forming a 
barrier between continental Greece and the Pelopon- 
nesus. The shortest road across this range passes 
along the eastern side of the mountains, and the most 
difficult part is the celebrated Scironian rocks, the 
mythic home of the robber Sciron. The only plain in 
the rugged little country was the White Plain, in which 
was situated the only important town, Megara. The 
town was one of the most important commercial and 
colonizing centres of Greece in early times, and there is 
no doubt that its trade, like that of Corinth, owed its 
origin to the Phoenicians, who found its situation on 


| middle of the &th century. 


other cities of Greece, Megara was formed out of' five 
villages, which were united on one political foundation ; 
and this event must have taken place not later than the 
From ‘this time for two 
centuries Megara was among the most powerful cities 
of Greece. hough it had a harbor called Peese on 
the Corinthian Gulf, and founded a Sicilian colony, 
Megara Hyblaea, in 728 B. 0., yet it did not long com- 
vete with Corinth and Coreyra for the western trade. 

issea on the Saronic Gulf was a better harbor, and 
gave the Megarians a stronger footing on the eastern 
seas. In order to keep their hold on the Black Sea 
traffic, they founded numerous trading stations along- 
side of their chief rivals, the people of Miletus: Chal- 
cedon and Byzantium on the Bosphorus, and Astacue 
and Heraclea in Bithynia, were colonies of Megara. 
Wealth and culture increased in the city; the country 
festivals were celebrated in a more elaborate and orderly 
manner, and Susarion of Tripodiscus first gave literary 
form to Grecian comedy, ebictk was soon transferred 
to Attica. 

The situation of Megaris on the isthmus gave it 
great political power, inasmuch as it commanded all 
the roads from the Peloponnesus into continental 
Greece; and so long as the people continued united 
under an orderly government they maintained their 
high position. But the development of education 
prompted the lower classes to demand from the nobles 
an equal share in the government, and Megara did not, 
like Athens and Sparta, produce a constitution which 
could reconcile the contending parties. A tyrant 
Theagenes raised himself to supreme power as the 
leader of the popular party; he made an aqueduct for 
the city, and appears to have maintained its power and 
splendor. But he was expelled by the nobles about 
600 B. C., and for many years Megara was the scene of 
continual struggles. The poor, who were indebted to 
the rich, refused to pay what they counted exorbitant 
interest, and plundered the houses of the nobles. A 
vivid picture of the state of the city in the 6th century 
B. GC. is preserved in the writings of the poet Theognis, 
who baloeae’ to the aristocratic party. Meanwhile 
Athens was rising to power, and maintained a long war 
with Megara for the island of Salamis. The Mega- 
rians gradually lost strength, and finally Solon wrested 
the island from them for ever. They sent three thou- 
sand troops to fight at Plateea. In the wars between 
Athens and Sparta they were impelled by jealousy of 
their neighbors of Corinth to join the Athenian alliance, 
455-45; but they soon found that they were only the 
subjects of Athens, and finally enrolled themselves 
among the allies of Sparta. They suffered terribly 
during the Peloponnesian War: Athenian ships block- 
aded their harbors and Athenian armies ravaged their 
land once or twice every year. The long famine in the 
city is referred to by Aristophanes in the Acharnians. 
The city maintained a flourishing existence throughout 
the Greek and Roman periods, but played a very sub- 
ordinate part in history. In the unsettled time when 
the Roman empire had decayed, it was often plundered 
by pirates. 

As regards literature, Megara’s chief distinction, be- 
sides the poems of Theognis and the comedy of Susa- 
rion, was the school of philosophy founded there by 
Huclid, a disciple of Socrates. ‘The coinage of the city 
is a very confused and difficult subject; no very early 
coins can be with certainty attributed to it. The usual 
types are Apolline. The topography is described by 
Pausanias, bk. i. Megara is about four hours’ carriage- 
drive from Athens. 

MEGATHERIUM is the name given by Cuvier to 
a large extinct animal belonging to the order Mdentata 
(see MAMMALIA, p. 387), K nearly complete skeleton, 
found on the banks of the river Luxan, near Buenos 
Ayres, and sent in 1789 to the Royal Museum at Mad- 
rid, long remained the principal if not the only source 
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of information with regard to the species to which it 
belonged, and finished the materials for many deserip- 
tions, notably that of Cuvier, who determined its affin- 
ities with the Sloths.*| In 1882 an important collection 
of bones of the Megatherium were discovered near the 
Rio Salado, and were secured for the museum of the 
College of Surgeons of Hngland, and these, with 
another colleetion found at Luxan in 1837, and now in 
the British Museum, supplied the materials for the 
complete deseription of the skeleton published by Pro- 
fessor Owen in 1861. Other skeletons have subse- 
quently been received by several of the Continental 
muscums, as Milan and Paris, and, consequently, our 
knowledge of the organization of the Megatherium, so 
far as it can be deduced from the bones and teeth, is 
as complete as that of any other animal, recent or ex- 
tinct, 

The remains hitherto spoken of are all referred to 
one species, Megatheriwm americanum of Blumenbach, 
M. cuvier’ of Desmarest, and are all from the newest 
or post-Tertiary geological formations of the Argentine 
Republic and Paraguay, or the lands forming the basin 
of the Rio de la Plata. Dr, Leidy has described, from 
similar formations in Georgia and South Carolina, 


Mins 


i 
Hi 
AD 


| 


MEGATITERIUM. 


bones of a closely allied species, about one-fourth 
smaller, which he has named J mirabile, A third 
species, J. laurillurd? of Lund, is founded upon re- 
mains found in Brazil. 

The following description will apply especially to the 
best-known South American form, Hirer eso: amen 
canum. In size it exceeded any existing land animal 
except the elephant, to which it was inferior only in 
consequence of the comparative shortness of its limbs, 
for in length and bulk of body it was its equal, if not’ 
superior. ‘The full length of a mounted skeleton from 
the fore part of the head to the end of the tail is 18 
feet, of which the tail oceupies 5 feet. The head, 
which is small for the size of the animal, presents a 
general resemblance to that of the Sloth; the anterior 
part of the mouth is, however, more elongated, and 
the malar bone, though branched posteriorly in the 
same way as that of the Sloth, meets the zygomatic 
srocess of the squamosal, completing the arch. The 
i jaw has the middle part of its horizontal ramus 
curiously deepened, so as to admit of implantation of 
the very long-rooted teeth. In number the teeth ex- 
actly resemble those of the Sloths, being five above 
and four below on each side, and they are limited to 


Skeleton of the Megatherium, from the specimen in the Museum of the Royal College of Surgeons of England, x ay. 


the lateral parts of the mouth, front teeth being en- 
tircly wanting. ‘hey resemble those of the Sloths 
also in their persistent growth, and in their composition 
of three tissues—vaso-dentine, true dentine, and ce- 
ment; but they are of prismatic or quadrate form, and 
the constituent materials of different densities are so 
arranged that, as they wear, two transverse ridges of 
hard dentine remain at a greater clevation than the 
rest of the tooth, producing a very efficient triturating 
apparatus (see figs. 85 and 36, article MAMMALIA, pp. 
887, 388). ‘The vertebral column consists of seven cervi- 
cal, sixteen dorsal, three lumbar, five sacral, and cighteen 
caudal yertebrao. The spinous processes are much 
better developed than in the Sloths, and ave all directed 
backwards, there being no reversing of the inclination 
near the posterior end of the dorsal series, as in most 
active-bodied mammals. In the lumbar region, the 
accessory “ygapophyses, rudimentary in Sloths, are 
fully Taralacen. as in the Anteaters, 

The tail is large, and its basal yertebrao have strong 
lateral and spinous processes and cheyron bones, indi- 
cating great, muscular development. The seapula re- 


1 An excellent figure of this skeleton, which unfortunately 
was Incorrectly articulated, and wanted the greater part of the 
tail, was published by Pander and D'Alton tn 1821, and has been 
frequently reproduced in subsequent works, 


sembles that of the Sloths in the union of the acromion 
with the coracoid, and in the bridging over of the supra- 
scapular notch. The clavicle is complete and very 
large, much resembling that of man on a large scale, 
The fore limbs are longer than the hind limbs. The 
radius and ulna are both well developed, and have a 
considerable amount of freedom of movement, The 
hand is singularly modified. The first digit is repre- 
sented only by a rudimentary metacarpal, but the next 
three are large, and terminate in phalanges adapted for 
the support of immense claws, the middle one being 
especially large. The outer or fifth digit has no claw 
and it may be considered as certain that the weight of 
the foot was, in standing and walking, chiefly thrown 
upon this, and that it was protected by a callous pad 
below as in the existing great Anteater, while the other 
toes were curved inwards towards the palm, only com- 
ing in contact with the ground by their outer surfaces. 
The mechanical arrangements by which the weight of 
the body was thrown entirely upon the outer side of 
the foot are very curious, and are fully deseribed in 
Professor Owen's memoir. The pelvis is remarkabl 

wide, even more so than that of the Hlephant, but. it 
is formed on the same principle as in the Sloths. The 
femur is extremely broad and flattened; the tibia and 
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fibula are short and strong, and united together at each 
end. ‘The hind foot, contrary to'the usual rule in the 
Hdentata, is even more singularly modified than the 
hand. The ankle-joint is formed upon a peculiar plan, 
quite unlike that of the Sloths, or of any other mam- 
mal, except the Megatherium’s nearest allies. The 
caleaneum projects nearly as far backwards as the fore 
part of the foot does forwards. There is no trace of 
_ toe or hallux, or of its corresponding cuneiform 

one. ‘The second toe is rudimentary. The third has 
an enormous ungual phalanx, which, like those of the 
hand, is remarkable for the immense development of 
the bony sheath which is reflected from its proximal 
end around the base of the claw. The two outer toes 
have large and very peculiarly-shaped metatarsals, but 
only small phalanges, and no claws. The creature 
probably walked upon the outer edge of the sole, so 
that the great faleate claw of the third toe did not 
come into contact with the ground, and so was kept in 
a state of sharpness ready for use. The foot was there- 
fore formed upon quite a different principle from that 
of the Anteaters or Sloths, though somewhat like the 
latter in having two of the toes aborted. 

Taking all the various points of its structure to- 
gether, they clearly indicate affinities both with the ex- 
isting Sloths and with the Anteaters, the skull and 
teeth more resembling those of the former, and the 
vertebral cohimn and limbs the latter. It is also not 
difficult to infer the food and habits of this enormous 
creature. That it was a leaf-eater there can be little 
doubt, but the greater size and more complex structure 
of its teeth might have enabled it to crush the smaller 
branches as well as the leaves and succulent shoots 
which form the food of the existing Sloths. It is, 
however, very improbable that it climbed into the 
branches of the trees like its diminutive congeners, but 
it is far more likely that it obtained its subsistence by 
tearing them down with the great hook-like claws of 
its powerful prehensile fore limbs, being easily enabled 
to reach them by raising itself up upon the massive 
tripod formed by the two hind feet, firmly fixed to the 
ground by the one huge falcate claw, and the stout, 
muscular tail. The whole conformation of the hinder 
part of the animal is strongly suggestive of such an 
action. . There can also be little doubt but that all its 
movements were as slow and deliberate as those of its 
modern representatives. 

An idea at one time prevailed that the Megatherium 
was covered externally with a coat of bony armor like 
that of the Armadillos, but this originated in dermal 
plates belonging to the Glyptodon, a totally distinct 
animal, having been accidentally associated with bones 
of the Megatherium. Similar, plates, on a smaller 
seale, have indeed been found in connection with the 
skeleton of both Mylodon and Scelidotherium, animals 
of the same family, but never yet with the Megathe- 
_ rium, which we may therefore imagine with a covering 
of coarse hair like,that of its nearest living allies, the 
Sloths and Anteaters. 

Bibliography.—J. Garriga and J. B. Bry, Descripeion del 
esqueleto de un cuadrupedo muy corpulento y raro, que se con- 
serva en el Real Gabinete de Historia Natwral de Madrid, con 
5 laminas, fol., 1796; G. Cuvier, in Annales du Muséwm, vol. 
v. p. 376, 1804; Pander and D’Alton, Das Riesenfaulthier 
abgebildet und beschrieben, 1821; R. Owen, “On the Mega- 
therium,” in Philosophical Transactions for 1851, 1855, 1856, 
and 1858, republished as a separate work in 1861; J. Leidy, 
“Memoir on the Extinct Sloth Tribe of North America,” 
Smithsonian Contributions to Knowledge, vol. vii., 1855; H. 
Burmeister, Description physique de la République Argentine, 


t. iii. pt. 1, “‘Mammiféres vivants et éteints,” 1879, p. 285. 
(Ww. B. F.) 


MEGHNA, a river of India, forming, in the lower 
part of its course, the great estuary of the Bengal 
delta, which conveys to the sea the main body of the 
waters of the Ganges and the Brahmaputra, which 
unite at Goalénda in Farfdpur district. The united 
waters thence roll south—a mighty river of great depth 
and turbidness, sometimes split up into half a dozen 
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channels by sand-banks of its own formation, some- 
times spreading out into a widespread sheet of water 
which the eye cannot see across. The river enters the 
sea by four principal mouths, enclosing the three large 
islands of Dakshin Shéhbazpur, Hatia, and Sandwip. 
It is navigable by native boats of the largest burden, 
and also by river steamers, all the year through; but 
the navigation is difficult, and sometimes dangerous, 
on account of shifting sand-banks and ‘‘snags,’’ and 
boisterous weather when the monsoon is blowing. The 
most favorable season for navigation is between No- 
vember and February. Alluvion and diluvion are con- 
stantly taking place, especially along the seaboard, and 
in No&khali district the land is said to have advanced 
seawards 4 miles in twenty-three years; while the 
islands fringing the mouth are annually being cut away 
and redeposited in fresh shapes. 

The tidal phenomena of the Meghna surpass those 
of any other a a river. The regular rise of the tide 
is from 10 to 18 feet, and at springs the sea rushes up 
in a single wave, known as the ‘‘bore,’’—on the Meyh- 
nd a justly dreaded danger to boatmen. It is greatest 
at the time of the biennial equinoxes, when navigation 
is sometimes impeded for days together. The tidal 
wave is suddenly beheld advancing like a wall topped 
with foam of the height of nearly 20 feet, and at the 
rate of 15 miles an hour; in a few minutes all is over, 
and the river has changed from ebb to flood tide. A 
still greater danger is the ‘‘storm wave,’’ which occa- 
sionally sweeps up the Meghna in the shape of cyclones. 
The latest and most destructive of these disasters were 
those of May, 1867, and October, 1876, when the whole 
islands and sea-face of the mainland were entirely sub- 
merged, In the latter calamity it has been offeially 
estimated that about 19 per cent. of the population in 
the mainland portion of Nodkhalf, and in the islands 
of Sandwip and Hatia, were drowned, and that a like 
proportion subsequently died of cholera and other dis- 
eases caused by the results of the storm. 

MEHADTA, a market-town in the county of Szérény, 
Hungary, is situated on the Bella-Reka, or Bereka, 133 
miles north of Orsoya, in 44° 55’ N. lat., 22° 227 Hi. 
long. The town is small but thriving, and contains 
Greek Orthodox and Roman Catholic churches, the 
ruins of a castle, and some interesting Roman antiqui- 
ties. Mehddia is, however, chiefly of importance as 
the station for the Hercules Baths, distant about 3 
miles east from the town, and situated in a narrow pass 
in the romantic valley of the Cserna. Of the twenty- 
two hot springs of Mehédia, nine are now in use, the 
most powerful one being the Hercules, which yields 
about 5000 cubic feet of water per hour. ‘The springs 
are all strongly impregnated with salts of sulphur, iodine, 
bromine, and chlorine, and their average temperature 
is 70° to 145° Fahr. They are much used for chronic 
rheumatism, gout, and cutaneous eruptions, and, during 
the season, which usually lasts from the middle of May 
to the end of September, are resorted to by over a 
thousand visitors. The town of Mehddia has about 
2200 inhabitants, principally Roumanians and Germans. 

Already in the times of the Romans famous for their 
healing efficacy, the Therme Hereulis (Fontes Herculis, Aque 
Herculis) were the resort of emperors, generals, and sena- 
tors, whose sojourn there is attested by various inscriptions 
and relics. The town is the site of the ancient Roman 
colony of Ad Mediam, near which the Roman road from the 
Danube to Dacia passed in its course through the valley of 
the Cserna. Subsequent to the destruction of the Roman 
empire the baths fell into disuse until 1735; great improve- 
ments have been effected in them during the present cen- 
tury, and recently a spacious kursaal has been built at 
the expense of the Hungarian Government. The fortress 
of Mehddia was often stormed during the wars with the ° 
Turks, and notably in 1716, 1738, and 1789. 


MEHEMET ALL, or Monammen’ Att. See Eayrr, 
vol. vil. p. 660 sq. 

MEHUL, Errennr Henrt (1763-1817), one of the 
most remarkable composers of France, was born at 
Givet, in Ardennes, on the 24th of June, 1763. His 
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father being too poor to give him a regular musical 
education, his first ideas of art were derived from a 
poor blind organist of Givet; yet such was his apti- 
tude that, when ten years old, he was appointed organ- 
ist of the convent of the Récollets. In 1775 an able 
German musician and organist, Wilhelm Hauser, was 
engaged for the monastery of Lavaldieu, a few miles 
from Givet, and Méhul became his occasional pupil. 
In his sixteenth year he was taken to Paris by a mili- 
tary officer, and placed himself under Edelmann, a good 
musician and harpsichord player. His first attempts at 
instrumental composition in 1781 did not succeed, and 
he therefore turned his attention to sacred and dramatic 
music. The great composer Gluck received him kindly, 
and gave him advice in his studies. After various de- 
lays and disappointments during his efforts for six years 
to obtain, at the Grand Opera, a representation of his 
Cora et Alonzo, he offered to the Opéra Comique his 
KHuphrosine et Coradin, which, being accepted and per- 
formed in 1790, at once fixed his reputation. The 
critics acknowledged in it great energy of dramatic 
expression and much brilliant instrumentation, but 
objected to a general want of graceful melody,—a 
strange complaint, since his style is far more refined 
than that of either Hérold or Auber. His opera of 
Stratouice had great success. After several other 
operas which did not succeed, his Adrien appeared, 
and added much to his fame, which was still further 
increased by his three best works, Le jeune Henri, 
Uthal, and Joseph, the finest of the series. He had 
been appointed one of the four inspectors of the Paris 
Conservatory, but that office made him feel continually 
the insufficiency of his early studies, a want which. he 
endeavored to remedy by incessant application. Zmo- 
léon, Ariodant, and Bion followed Stratonice, with 
various success.  Uthal can scarcely be expected to 
live, since, by desire of Napoleon Bonaparte, it was 
written for an orchestra without violins. Hpicure was 
composed by Méhul,and Cherubini jointly; but the 
superiority of the latter was evident. Méhul’s next 
opera, J’ Jrato, failed. After writing forty-two operas, 
besides a number of songs for the festivals of the re- 
ublic, cantatas, and orchestral pieces of various kinds, 
his health gave way, from an affection of the chest, 
which terminated his life on the 18th of October, 
1817. 

MEIBOM, Hernricu (1555-1625), was born at 
Lemgo on December 4, 1555, and died on September 
20, 1625, at Helmstiidt, where he had held the chair 
of history and poetry from 1583. He was a writer of 
Latin verses (Parodiarum Horatianarum Lnbri ITT. 
et Sylvarum Labri IL, 1588), and his talents in this 
direction were recognized by the emperor Rudolph I1., 
who ennobled him and made him poet laureate in 
1590; but his claim to be remembered rests entirely 
on his services in elucidating the medizeval history of 
Germany. His Opuscula Historica ad res Germanicas 
spectantia were edited and published in 1660 by his 
grandson, Heinrich Meibom (1638-1700), who also was 
professor of history and poetry at Helmstidt, and in- 
corporated the grandfather’s work with his own Rerwm 
Germanicaruim Seriptores (1688). 

MEININGEN, ‘ins capital of the little duchy of 
Saxe-Meiningen, in Central Germany, and the seat of 
the provincial courts for Saxe-Meiningen, Saxe-Coburg, 
and the Prussian districts of Schmalkalden and Schleu- 
singen, is situated on the right bank of the Werra, 
about 40 miles to the south of Hisenach. It consists 
of an old town and several handsome suburbs, but 
much of the former has been rebuilt in a modern 
style since a destructive fire in 1874. The chief 
buildings are the Elisabethenburg, or old ducal palace, 
dating chiefly from 1682, and containing several col- 
lections; the new palace; the new town-house; the 
post-office; the barracks; and the old town church, 
with its two towers, erected in 1003. The theatre has 
lately attained a Huropean reputation for its admirably 
drilled actors and unexcelled scenic effects. The Eng- 
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lish Garden, a beautiful public park, contains the ducal 
mortuary chapel and several monuments, ‘The in- 
dustries, consisting of brewing and the weaving of 
woollen and cotton cloth, are insignificant. The pop- 
ulation in 1880 was 11,227. 

Meiningen, which was subject to the bishops of Wirz- 
burg for upwards of 500 years (1000-1542), came into the 
possession of the dukes of Saxony in 1588. At the parti- 
tion of 1660 it fell to the share of Saxe-Altenburg, and in 
1680 it became the capital of Saxe-Meiningen, 


MEISSEN, an ancient and important industrial town 
of Saxony, is situated on the left bank of the Elbe, 
between the streams Meisse and Triebisch, in the dis- 
trict and about 9 miles to the north-west of the town 
of Dresden. Its irregular hilly site and numerous fine 
old buildings give it a quaint and picturesque appear- 
ance, and most of the streets are narrow and uneven. 
The cathedral, one of the finest Karly Gothie edifices 
in Germany, is conspicuously situated on the Schloss- 
berg, 160 feet above the town. It is said to have been 
originally founded by the emperor Otho I., but the 
present building was begun in the 13th century, and 
completed soon after 1400. The lofty tower dates from 
the 15th century. Within the cathedral are the tombs 
of several Saxon princes of the 15th and 16th centuries, 
including those of Albert and Ernest, the founders of 
the present reigning lines. Adjoining the cathedral 
inde the castle, dating originally from 1473-81, but 
restored and named Albrechtsbure in 1676. Another 
thorough restoration was undertaken in 1863, when a 
series of historical frescos by celebrated modern artists 
was begun upon its walls. An old stone bridge of the 
13th century connects the Schlossberg with the Afra- 
berg, which owes its name to the old convent of St. 
Afra. ‘The convent was suppressed by Duke Maurice 
in 1543, and converted into the ‘‘ Fiirstenschule,”’ one 
of the most renowned schools in Germany, counting 
Lessing and Gellert among its former pupils. The 
other chief buildings are the town-house, built in 1479, 
and restored in 1875; the fine old town church, also 
called the Frauenkirche or Marienkirche; and the 
churches of St. Francis, St. Nicholas (coeval with the 
town), and St. Afra. Since 1710, immediately after 
Bottcher’s great discovery, Meissen has been the seat 
of the manufacture of the so-called Dresden’ china. 
Till 1863 the porcelain factory was in the Albrechts- 
burg, but in that year it was transferred to a large new 
building in the Triebischthal, close to the town, where 
about six hundred and seventy hands are now employed. 
Meissen also contains iron foundries, manufactories of 
earthenware stoves and pottery, a jute-mill, sugar- - 
refineries, breweries, tanneries, ete. A considerable 
trade is carried on in the wine produced in the sur- 
rounding vineyards. The population in 1880 was 
14,166. 


Meissen, one of the oldest and most interesting towns in 
Saxony, was founded by the emperor Henry I. in 928 as an 
outpost against the Wends, and became the capital of a 
margraviate, which was afterwards merged in the duchy 
of Saxony. Its margraves were among the most powerful 
medieval princes in Germany, and were the direct ances- 
tors of the present royal house of Saxony. From 965 to 
1581 Meissen was also the seat of an important line of 
bishops, who ranked as princes of the empire. The town 
suffered greatly from the Hussites in the 15th century, and 
it was captured by the imperial troops in the war of the 
Smalkaldian League, and again in the Thirty Years’ War. 
In 1637 it was severely handled by the Swedes, and in 
1745 it fell into the hands of the Prussians. 


See Die Stadt Meissen und thre Umngegend, 1855; and H, Herbst’s 
Praktischer Wegweisser durch die Stadt Meissen, 1878, 


MEKONG, Mexuona, or MAKona, less frequently 
Nam-Kona, the Da-Kio of the Tibetans, the Lantsang- 
Kiang or Lankiang of the Chinese, and the Son-Kong 
of the Anamese, sometimes also called the Cambodia 
or Camboja, is one of the largest and most remarkable 
rivers of southern Asia. As it rises in Tibet, probably 
about 34° N. lat. and 94° K. long., and reaches the 
China Sea about 10° N, lat., after a somewhat devious 
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course through Yunnan, Burmah, Siam, Cambodia, 
and Cochin-China, its total course may be safely stated 
at 2000 miles. In spite, however, of this great length, 
the Mekong must be regarded as little more than a 
mountain torrent on an unusually large scale. It certainly 
forms a very extensive delta (see Cocuin-CHINa, vol. 
vi. pp. 86, 87), and is navigable for steamboats as far 
up as Cratieh (about 280 miles from the river mouth), 
but navigation soon becomes difficult, not through want 
of water, but from the great irregularity of the bed. 
At Stung-Streng the river measures about 2 leagues 
from bank to bank, and its current is strong even to 
violence ; it ‘‘ twists into the sharpest eddies, and drives 
against the banks with fury.’’ A little higher up are 
the great cataracts of Kong. Beyond these the channel 
again becomes navigable as far as Bassac, when it is 
still about 6500 feet in width; but before long the banks 
close in and the river, narrowed to about 900 feet, pours 
along a current of extraordinary depth. Above Khe- 
marat the rapids again begin. At Paklay, Mouhot de- 
scribes the Mekong as larger than the Menam at Bang- 
kok, forcing its way between the lofty mountains with 
a noise like the roaring of the sea. About 180 miles 
farther up, at Luang-Prabang, it has again an unob- 
structed Bacal about 3000 feet wide ; above Sien-kong 
the river winds through a magnificent plain; but soon 
afterwards, in spite of its volume of water, it becomes 
less navigable than before. The great Hrench expedi- 
tion of 1866-67 touched its course only at one place 
higher up, Sien-hong ; but other travellers have crossed 
it at various points in Yunnan, Mr. Grosvenor found 
it, near Yune-feng-chang, at a height of 4700 feet 
above the sea, a stream of from 60 to 80 yards wide, 
flowing smoothly and steadily in the floor of a deep 
gorge (see Coleborne Baker, ‘‘ Trav. and Res. in West- 
ern China,” Roy. Geog. Soc. Suppl. Papers, 1882). 


It is there crossed by an iron suspension bridge, of 


Chinese workmanship, consisting of twelve chains with 
links about 1 foot long (see Gill, River of Golden Sand, 
vol. ii. p. 330). Higher up, near Tse-ku mission- sta- 
tion, lies the terrific defile to which Cooper (Zrav. of a 
Pioneer of Commerce, 1871) gave the name of Hogg’s 
Gorge. The head waters of the Mekong have never 
been traced to their source; but Hue and Gabet saw 
the confluence of the two main branches at T'siamdo 
(32° N. lat.), and the abbé Desgodins has followed the 
stream from that point down to Ye-tche in 27° 20’ N. 
lat. (see La Mission du Thibet, Paris, 1872, and the 
abbé’s papers in. Bull. Soe. Géog., 1871, 1875, 1876, 
and 1877). At Yerkalo he observed a curious phenom- 
enon: a number of wells from 12. to 24 feet deep were 
sunk down among the granite pebbles which form the 
bed of the river, just above mean-water mark ; and they 
all yielded water with a greater or less degree of saltness 
and warmth. They are covered when the river is in 
full flood. The river basin in all the upper section is 
extremely narrow, being separated by long lines of high 
mountains from the valley of the Salwin on the west 
and from that of the Chin-sha-kiang or River of Golden 
Sands on the east. Not till the comparatively low 
country of Siam is reached are there any affluents of 
considerable size. The most important are the Se- 
mtn and the Udong on the right, and the Attopeu or 
Se-Kong on the left. The Se-mtin or Ubon river was 
explored as far as Korat by the Lagrée expedition, and 
its tributary the Se-dém has been followed by Dr. Har- 
mand (Bull. Soc. Giéog., 1877). Both streams have a 
rapid and interrupted course. Like the Nile, the 
Mekong is subject to a great annual inundation, de- 
seribed as early as the 16th century by Camoens, who 
calls the river Mecom. At some places the difference 
between flood-mark and ordinary level is from 35 to 40 
feet (see Cocuin-Cutna). The first Europeans to 


. make true acquaintance with the river course were the 


Dutchman Wusthoff and his fellow ambassadors, who 
in 1641 ascended as far as Winkyan, 7. e., Vienchang ; 
their narrative is given by Valentijn, and might have 
been enough to suggest that the Mekong could not 


841 


form a trade route to the interior. For the French 
exploration which finally settled the question, see 
Garnier’s Hrpédition, ete., 1873, and ‘lie notice of 
Garnier in vol. x. p. 74. 

_MELA, Pompontus, a Roman writer on geography. 
His little work, though a mere compendium, is the 
only systematic treatise on the subject preserved to 
us in the Latin language, with the exception of that 
which forms part of the encyclopedic work of the elder 
Pliny, and from this circumstance it derives a value to 
which it would be little entitled from its intrinsic merits. 
Nothing is known of the author except his name, and 
that he was born, as he himself’ informs us, at a small 
town called Tingentera inthe south of Spain. But the 
date of his work may be fixed with little doubt from an 
allusion in the preface to a proposed expedition of the 
reigning emperor to Britain, which can hardly be re- 
ferred to any other event than the visit to that island 
of the emperor Claudius in 43 A. pb. ‘This conclusion is 
accepted be all the recent editors; the view of some 
earlier scholars, who understood this passage as refer- 
ring to the expedition of Julius Ceesar, is clearly dis- 
proved by the mention of several facts which were not 
anterior to the reign of Augustus. ‘he little treatise 
is not only a mere abridgment, occupying less than 
one hundred pages of ordinary print, but is so deficient 
in method and systematic character that we should have 
supposed it to be little more than a mere schoolbook, 
were it not that we find the name of the author figuring 
in a prominent manner among the authorities cited by 
Pliny for the geographical books of his vast compila- 
tion. 

His general views of the geography of the earth do 
not differ materially from those which were current 
among Greek writers from the time of Hratosthenes to 
that of Strabo, and are well known to us from the great, 
work of the latter author, which was, however, in all 
probability unknown to Mela, as it certainly was to 
Pliny. But in one of his views he stands alone among 
ancient writers on geography, that after describing the 
division of the earth into five zones, of which two only 
were inhabitable, he states as an undoubted fact the 
existence of antichthones, who inhabited the southern 
temperate zone, but were inaccessible and consequently 
unknown to the inhabitants of the corresponding zone 
in the north, on account of the excessive heat of the 
intervening torrid zone, THis views of the division and 
boundaries of the three continents of Murope, Asia, and 
Africa coincide with those of Hratosthenes; and, in 
common with all ancient geographers from the time of 
Alexander to that of Ptolemy, he regarded the Caspian 
Sea as an inlet from the Northern Ocean, correspond- 
ing to the Persian Gulf on the south. His ideas con- 
cerning India are extremely confused and imperfect,— 
altogether inferior to those possessed by Greek writers 
long before; he follows Kratosthenes in supposing that 
country to oceupy the south-eastern angle of Asia, 
whence the coast trended northwards to Scythia, and 
then swept round to the westward to the opening of the 
Caspian Sea. As usual he places the Rhipssan Moun- 
tains and the Hyperboreans near the Seythian Ocean, 
which he of course connects with that supposed to exist 
to the north of Hurope. 

With regard to the west of Hurope, on the other 
hand, his knowledge was somewhat in advance of the 
Greek geographers, as might be expected from the ex- 
tension of the Roman dominion amd civilization in that 
quarter, and from a writer who was himself’ a native of 
Spain. Accordingly we find him possessing a more 
accurate idea than either Hratosthenes or Strabo of the 
western coast-line of Spain and Gaul, and its deep in- 
dentation by a gulf (the Bay of Biscay) between the 
projecting headlands of the two countries. Of Britain, 
on the contrary, he has little to tell us, beyond what 
we find in Osesar or Strabo, though he appears to have 
had a clearer idea of the position of the British Islands 
than the Greek geographer. He is also the first ancient 
writer who mentions the name of the Oreades or Ork- 
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neys, which he correctly describes as a large group of 
islands to the north of Britain. Of the north of 
Hurope his knowledge was still utterly imperfect ; but 
he had a yague notion of the existence to the north of 
Germany of a large bay, which he calls Codanus Sinus, 
containing many islands, large and small, among which 
was one much larger than the rest, which he calls Co- 
danovia,—evidently the same name that reappears in 
Pliny under the form Seandinavia, which has been 
attached by modern writers to the great northern pen- 
insula of Kurope. 

The method followed by Mela in describing the three 
continents is peculiar and inconvenient. Instead of 
treating each continent separately, and describing the 
countries included in it, he begins at the Strait of the 
Columns (the Straits of Gibraltar), which was close to 
his own birthplace, and describes the countries adjoin- 
ing the south coast of the Mediterranean from Maure- 
tania to Hgypt, and afterwards those around the east 
coast of the same sea with its tributary the Huxine, and 
then back along the north of the Mediterranean from 
Scythia to Gaul and Spain. He then begins again with 
the countries bordering the western and northern ocean 
from Spain and Gaul round to India, and from thence 
by Persia and Arabia to the Ethiopians, and thence 
again round Africa to the straits from which he began. 
In common with most ancient geographers, he con- 
sidered Africa as surrounded by the sea, but had a very 
inadequate idea of its extent towards the south. 

The first edition of Pomponius Mela was published in 
1471, and it was very often reprinted in the 15th and 16th 
centuries. The edition of Voss in 1658, with a valuable 
commentary, became the foundation of all the subsequent 
editions, of which those by Gronovius (in 1685 and 1742) 
are among the best-known and most useful. The edition 
by Tzschucke, in 6 vols. 8vo (1806), contains an overwheln- 
ing mass of notes and commentaries, but by far the best 
text is that of the recent edition by G. Parthey (Berlin, 
1867), who has in many instances restored the original 
readings, which had been displaced by the conjectures of 
Voss and others. (E. H. B.) 


MELANCHTHON, Pattre (1497-1560), was born 
at Bretten, a town of the lower Palatinate, on February 
16, 1497. His father, George Schwartzerd, was a kins- 
man of the famous Reuchlin, and by profession an 
armorer or commissary of artillery under the Palatinate 

rinces. His mother, Barbara Reuter, was a thrifty 
ousewife and affectionate parent, whose pious cha- 
racter is evidenced by a well-known German rhyme, of 
which she is the reputed author, beginning A/mosen 
geben armet nicht. Wis mother’s father, John Reuter, 
who was for many years mayor of Bretten, charged 
himself with the education of Philip. Taught first by 
John Hunegarus, then by George Simler at the academy 
of Pfortzheim, where he lived in the house of Reuch- 
lin’s sister, young Schwartzerd exhibited remarkable 
precocity, and speedily won the regard of Reuchlin, who 
dubbed him Melanchthon (the Greek form of Schwartz- 
erd), according to the fashion of that age. He lived 
two years at Heidelberg, and the next three at Reuch- 
lin’s university of Tiibingen, where he studied law, 
medicine, and theology, taking his doctor’s degree in 
1514. He began soon after to give public lectures on 
rhetoric, and to comment on Virgil and Terence, and 
ere long it became known among European scholars 
that a new brilliant star of learning had risen on the 
horizon, Krasmus prophesying that he would himself 
be speedly eclipsed. In 1518, on Reuchlin’s recom- 
mendation, Melanchthon was appointed by the elector 
of Saxony professor of Greek in the university of 
Wittenberg. This appointment marked an epoch in 
German university education; Wittenberg became the 
school of the nation; the scholastic methods of instrue- 
tion were summarily set aside, and in a Discourse on 
Reforming the Studies of Youth Melanchthon gave 
roof, not only that he had thoroughly caught the 
tenaissance spirit, but that he was fitted to become 
one of its foremost leaders. He began to lecture on 
Homer and the Hpistle to Titus, and in connection with 
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the former he announced that, like Solomon, he sought 
Tyrian brass and gems for the adornment of God’s 
temple. Luther himself received a fresh impulse to- 
wards the study of Greek, and his translation of the 
Scriptures, begun as early as 1517, now made rapid 
progress, Melanchthon helping to collate the Greek 
versions and revising Luther’s translation. Melanch- 
thon on his part felt the spell of Luther’s large person- 
ality and spiritual depth, and he seems to have been 
prepared on his first arrival at Wittenberg to accept 
the new theology, which indeed as yet existed mainly 
in subjective form, and as a living spiritual force, in the 
person of Luther. ‘T'o reduce it to an objective system, 
to exhibit it dialectically, the calmer mind of Melanch- 
thon, with its architectural faculty and delicate moral 
tact, was requisite. Theologically it is impossible to 
separate Melanchthon from Luther; ‘‘ the miner’s son 
drew forth the metal, the armorer’s son fashioned it.”’ 
Luther, in whom courage and energy were too much 
akin to violence and zealous decision to narrow intoler- 
ance, and Melanchthon, whose calm deliberation was 
apt to degenerate into vacillation, and whose conciliatory 
temperament was too much allied to timidity, were 
each the fit complement of the other. 

Melanchthon was first drawn into the arena of the 
Reformation controversy through the Leipsie discussion, 
of which he was an eager spectator. He had been 
sharply reproved by Dr. Eck for giving aid to Carlstadt 
(‘‘Tace tu, Philippe, ac tua studia cura nec me per- 
turba’’), and he was shortly afterwards himself attacked 
by the blustering Ingolstadt doctor. Melanchthon re- 
plied in a brief treatise—a model of Christian modera- 
tion—setting forth Luther’s first principle of the su- 
preme authority of Seripture in opposition to the 
al writings on which Hck so boastfully relied. 
His marriage in 1520 to Catherine Krapp of Witten- 
berg increased his own happiness, and gave a domestic 
centre to the Reformation. In 1521, during Luther’s 
confinement in the Wartburg, Melanchthon oceupied 
the important position of leader of the Reformation 
cause at the university. He defended the action of the 
Augustinian monks when they substituted for the cel- 
ebration of the mass the sacrament of the supper par- 
taken of by the people under both kinds; but, on the 
advent of the mabe enthusiasts of Zwickau, he 
had a still more difficult part to play. Melanchthon 
was irresolute. In their attacks upon infant baptism 
they seemed to him to have hit upon a ‘‘ weak point ;”’ 
and in regard to their claim to personal inspiration his 
position was summed up in his own words, ‘‘ Luther 
alone can decide; on the one hand let us beware of 
quenching the Spirit of God, and on the other of being 
led astray by the spirit of Satan.’’ In the same year 
he published his Loci Communes Rerum Theologi- 
carum. 

After the first diet of Spires (1526), where a pre- 
carious peace was patched up for the Reformed faith, 
Melanchthon was deputed as one of twenty-eight 
commissioners to visit the Reformed states and reg- 
ulate the constitution of churches, he having just 
published a famous treatise called the Zibellus Vis- 
itatorius, a directory for the use of the commissioners. 
At the Marburg conference (1529) between the German 
and Swiss Reformers, Luther was pitted against Cico- 
lampadius and Melanchthon against Zwingli in the dis- 
cussion regarding the real presence in the sacrament. 
How far the candid conciliatory spirit of Melanchthon 
was biassed by Luther’s intolerance is evident from the 
exaggerated and inaccurate accounts of the conference 
written by the former to the elector of Saxony. At the 
diet of Augsburg (1530) Melanchthon was the leadin 
representative of the Reformation. With anxiety an 
tears he drew up for that diet the seventeen articles of 
the evangelical faith, which are known as the ‘‘Augsburg 
Confession.’’? He held conferences with Romish divines 
appointed to adjust differences, and afterwards wrote an 
Apology for the Augsburg Confession. After the Augs- 
burg conferenze further attempts were made to settle 
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the Reformation controversy by a compromise, and | 


Melanchthon, from his conciliatory spirit and facility 
of access, appeared to the Romanists the fittest of the 
Reformers to deal with. His historical instinct led him 
ever to revert to the original unity of the church, and 
to regard subsequent Romish errors as excrescences 
rather than proofs of an_ essentially anti-Christian 
system. He was weary of the rales theologorum, 
and fondly dreamed that the evangelical leaven, if 
simply tolerated, would at length purify the church’s 
life and doctrine. In 1537, when the Protestant 
diyines signed the Lutheran Articles of Smalkald, 
Melanchthon appended to his signature the reserva- 
tion that he would adinit of a pope provided he allowed 
the gospel and did not claim to rule by divine right. 
The year after Luther's death, when the battle of 
Miihlberg (1547) had given a seemingly crushing blow 
to the Protestant cause, an attempt was made to weld 
together the iron and clay of the evangelical and 
the papal doctrines, which resulted in the compila- 
tion ie Pflug, Sidonius, and Agricola of the Augsburg 
“Tnterim.’”’ This was proposed to the two parties in 
Germany as a a ey eround of agreement till the 
decision of the council of Trent. Melanchthon, on be- 
ing referred to, declared equivocally that, though the 
Jnterim was inadmissible, yet so far as matters of in- 


difference (adiaphora) were concerned it might be 
: P rOny heey 
received. Hence arose that ‘‘adiaphoristic’’ contro- 


versy in connection with which he has been misrepre- 
sented as holaing among matters of indifference such 
cardinal doctrines as justification by faith, the number 
of the sacraments, as well as the dominion of the pope, 
feast-days, and so on. The fact is that, in these tenta- 
tive negotiations, Melanchthon sought, not really to 
minimize differences, but to veil them under an in- 
tentional obscurity of expression. Thus he allowed 
the necessity of good works to salvation, but not in 
the Romish sense, proposed to allow the seven sacra- 
ments, but only as rites which had no inherent efficacy to 
salvation, and so on. He afterwards retracted his com- 

liance with the adiaphora, and never really swerved 

rom the views set forth in the Loci Communes ; but 
he regarded the surrender of more perfect for less 
perfect forms of truth or of expression as a painful 


sacrifice rendered to the weakness of erring brethren. | 


Luther, though he had uttered certain expressions of 
dissatisfaction with Melanchthon, and had more keenly 
defended in his last years what was distinctively his own, 
et maintained hearty and unbroken friendship with 
im; but after Luther's death certain smaller men 
arose in name of Luther who formed a party em- 
hasizing the extremest points of the doctrine of the 
atter. Hence the later years of Melanchthon were 
much occupied with acrid controversies within the 
evangelical church; an account of these, however, 
would be out of place here. His last years were spent 
in fruitless conferences with his Romanist adversaries, 
and amid various /controversies among the Reformed, 
but the flame of his piety burnt brightly till the close. 
He died in his sixty-third year, on the 19th April, 
1560, and his body was laid beside. that of Martin 
Luther. 


Melanchthon’s ever-ready pen, clear thought, and elegant 
style made him the seribe of the Reformation, most public 
documents on that side being drawn up by him. He never 
attained entire independence of Luther, though he grad- 
ually modified some of his positions from those of the pure 
Lutherism with which he set out. His development is 
chiefly noteworthy in regard to these two leading points— 
the relation of the evangelium or doctrine of free grace (1) 
to’ free will and moral ability, and (2) to the law and 
penitentia or the good works connected with repentance, 
At first Luther’s cardinal doctrine of grace appeared to 
Melanchthon inconsistent with any view of free will; and, 
following Luther, he renounced Aristotle and philosophy 
in general, since “philosophers attribute everything to 
human power, while the sacred writings represent all 
moral power as lost by the fall.” In the first edition of 
the Loci (1521) he held, to the length of fatalism, the Augus- 
tinian doctrine of irresistible grace, working according to 
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God’s immutable decrees, and denied freedom of will in 
matters civil and religious alike. In the Augsburg Confes- 
sion (1530), which was largely due to him, freedom is 
claimed for the will in non-religious matters, and in the 
Loci of 1533 he calls the denial of freedom Stoicism, and 
holds that in justification there is a certain causality, 
though not worthiness, in the recipient subordinate to the 
Divine casuality. In 1535, combating Laurentius Valla, he 
did not deny the spiritual incapacity of the will per se, but 
held that this is strengthened by the word of God, to which it 
can cleave. The will co-operates with the word and the Holy 
Spirit. Finally, in 1543, he says that the cause of the differ- 
ence of final destiny among men lies in the different method 
of treating grace which is possible to believers as to others. 
Man may pray for help and reject grace. This he calls free 
will, as the power of laying hold of grace. Melanchthon’s 
doctrine of the three concurrent causes in conversion, viz., 
the Holy Spirit, the word, and the human will, suggested 
the semi-Pelagian position called Synergism, which was 
held by some of his immediate followers. 

In regard to the relation of grace to repentance and good 
works, Luther was disposed to make faith itself the prin- 
ciple of sanctification. Melanchthon, however, for whom 
ethics possessed a special interest, laid more stress on the 
law. He began to do this in 1527 in the Libellus Visitatorius, 
which urged pastors to instruct their people in the neces- 
sity of repentance, and to bring the threatenings of the 
law to bear upon men in order to faith. This brought 
down upon him the opposition of the Antinomian John 
Agricola. In the Loci of 1535 Melanchthon sought to put 
the fact of the coexistence of justification and good works in 
the believer on a secure basis by declaring the latter neces- 
sary to eternal life, though the believer’s destiny thereto 
is already fully guaranteed in his justification. In the 
Loci of 1543 he did not retain the doctrine of the necessity 
of good works in order to salvation, and to this he added, 
in the Leipsic Interim, “ that this in no way countenances 
the error that eternal life is merited by the worthiness of 
our own works.” Melanchthon was led gradually to lay 
more and more stress upon the law and moral ideas; but 
the basis of the relation of faith and good works was never 
clearly brought out by him, and he at length fell back on 
his original position that we have justification and inherit- 
ance of bliss in and by Christ alone, and that good 
works are necessary by reason of immutable Divine com- 
mand, 

Melanchthon’s life has been written by Camerarius, See also 
Matthes, Ph. Melanchthon, sein Leben und Wirken, 1841; Galle, 
Charakteristik Melanchthons als Theologen, Halle, 1845; Rothe’s 
Gedachtnissrede auf Melanchthon, 1860; Nitzsch, Melanchthon, 1860; 
Schmidt, Melanchthons Leben, 1864, There is a biography in Eng- 
lish by I’. A. Cox, 2d ed., London, 1817. The works of Melanch- 
thon, including his correspondence, are contained in the volu- 
minous Corpus Reformatorum, edited by Bretschneider and 
Bindseil. (J. WI.) 

MELANESIA. This term comprises that long belt 
of island groups which, beginning in the Indian archi- 

elago at the east limits of the region there occupied 
py the Malay race, and, as it were, a prolongation of 
that great island region, runs south-east for a distance 
of some 3500 Hnglish miles, 7. e., from New Guinea at 
the equator, in 130° Ki. long., to New Caledonia just 
within the Tropic, 167° KE. long., and eastwards to Hiji, 
in 180°. This chain of groups has a certain geo- 
graphical as well as ethnical unity. Its curve follows 
roughly the outline of the Australian coast, and large 
islands oceur, with a number of small ones, along the 
whole length, with mountains of considerable height, 
coinciding pretty closely with a line of volcanic action. 
Melanesia is usually held to begin with New Guinea, 
this great island being then viewed as the headquarters 
of that dark Papuan race which, widely and variously 
modified in all the other groups, occupies the whole 
region, as the name Melanesia implies; but the race 
really extends farther west, for the large islands Flores 
and Timor, with several smaller ones, are also essen- 
tially Rapuan. 

ew Guinea, 1490 miles long, and containing about 
303,000 square miles, the largest island in the world 
after Australia, is clothed with almost impenetrable 
forests, through which mountain ranges rise to a 
height of 13,000 feet. Parallel to its longer axis, 150 
miles to the north, are the Admiralty Islands, all small, 
with one exception, in which the hills rise to 1600 feet, 
and which is robably of volcanic origin, as the natives 
use spearheads and implements of obsidian. A Poly- 
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nesian element seems to be present, and customs pecu- 
liar to both races have been observed. Mr. ne N. 
Moseley, of the ‘“ Challenger,”’ found them shrewd 
but honest traders, with much artistic skill in their 
carvings and designs. They have numerals up to 10, 
with an idiom for 8 and 9, viz., 10 ~— 2 and 10 — 1, which 
is found also at Yap in the Carolines, and in the Mar- 
shall Islands. 

Next follow, east, the two large islands of New 
Britain, about 340 by 23 English miles, with active 
volcanoes up to 4000 feet, and New Ireland, about 240 
by 22 miles. Next comes the Solomon group, 600 
English miles in length, with seven large islands from 
135 to 90 miles long, all running north-west and south- 
east, with voleanic peaks up to 8000 feet. The forms 
more characteristic of the New Guinea fauna do not 
extend beyond this group. Its forest vegetation 
is especially luxuriant. Then comes Santa Cruz, 
a small group partly voleanie, but with nume- 
rous coral reef islands. ‘Then the Banks and 
New Hebrides group, over 500 English miles in 
length, all voleanie except the Torres reef islands 
in the north. Several spots in this group are 
occupied by people of purely Polynesian race, 
immigrants apparently from the eastward. ‘T'wo 
hundred miles south-west from the New Heb- 
rides lies the island of New Caledonia, about 240 
by 25 English miles. It is in parts very moun- 
tainous, rising to 5380 feet, the rocks being sed- 
imentary and plutonic, but there are no yolca- 
noes. It lies half way between Australia and 
Kiji, 700 miles from each. Being outside the 
equatorial belt, it is much drier and more bar- 
ren than the other groups, and its fauna and 
flora have many Australian and Polynesian affin- 
ities. ‘Che small Loyalty chain lies 70 miles east 
of New Caledonia, and parallel to it. Fiji is de- 
tached from the other Melanesian groups, and 
differs from them in yarious particulars. It con- 
sists of two large and about 300 small islands, the 
total area being about 7400 square miles. 

Of the two great Pacific races—the brown 
Polynesian and the dark Melanesian—the for- 
mer, considering the vast region it occupies, is 
singularly homogeneous both in appearance and 
language, whereas in Melanesia even neighbor- 
ing tribes differ widely from each other in both 
respects. Still, all the Melanesians have certain 
common characteristics which distinguish them 
sharply from the other race. They stand at a 
lower level of civilization, as is well seen at 
certain spots in Melanesia where isolated Poly- 
nesian settlements exist, due probably to involun- 
tary migration, and where the two races, though 
they have some peculiar customs in common, live 
in bitter mutual hostility. The Melanesians are 
mostly ‘‘ negroid’’ in appearance, nearly black, 
with crisp curly hair elaborately dressed; the 
women hold a much lower position than among the 
Polynesians ; their institutions, social, political, and 
religious, are simpler, their manners ne and often 
indecent; they have few or no traditions ; cannibalism, 
in different degrees, is almost universal; but their 
artistic skill and taste, as with some of the lower Afri- 
can negroes, are remarkable, and they are amenable to 
discipline and fair treatment. Their languages, amid 
considerable differences, which, as between the Mela- 
nesian proper and the Papuan, are very wide, have 
features wines mark them off clearly from the Poly- 
nesian, notwithstanding certain fundamental relations 
with the latter. 

The various Melanesian groups will be found de- 
seribed in detail under separate headings. 


MELBOURNKE, the eapital of the colony of Vic-, 


toria, and the most populous city in Australia, is situ- 
ated at the head of the large bay of Port Phillip, on 
its northern bend known as Hobson’s Bay, about 500 
miles 8. W. of Sydney by land and 770 by sea, the 
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position of the observatory being 37° 49% 53’ 8. lat. 
and 144° 58’ 42’7 I. Jong. Along the shores of the 
bay the suburbs extend for a distance of over 10 miles, 
but the part distinctively known as the “‘ city ’’ occupies 
a site about 3 miles inland on the north bank of the 
Yarra river. 

The appearance of Melbourne from the sea is by no 
means picturesque. The shipping suburbs of Sand- 
ridge and Williamstown oceupy the alluvial land at the 
mouth of the Yarra, and, as the district is low and flat, 
and covered with factories, the prospect is not inviting, 
But the city itself has a very different aspect ; its sit- 
uation is relieved by numerous gentle hills, which show 
off to great advantage its fine public buildings; its 
streets are wide and well kept; and the universal 
appearance of prosperity, activity, and comfort under 
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Me usually clear blue sky impresses the visitor fayvor- 
ably. 
That part specially known as the ‘‘city’’ had a pop- 
ulation in 1881 of 65,800, It occupies the two hills of 
Kast Melbourne and West Melbourne; the valley that 
separates them, once occupied by a densely wooded 
little stream, is now partly filled in, and forms the busy 
thoroughfare of Elizabeth Street; parallel to this runs 
Swanston Street, and at right angles to these, and 
parallel to the river, are Bourke Street, Collins Street, 
and Flinders Street,—the first being the busiest in 
Melbourne, the second containing the most fashionable 
shops, and the third, which faces the river, being given 
over to maritime pursuits. These streets are the eighth 
of a mile apart; between them are narrower streets 
oceupied by warehouses and business premises. 
Round the ‘‘city’’ lies a circle of populous suburbs. 
North-east is Fitzroy with 23,000 inhuRiGahter farther 
east, Collingwood, 24,000; east of Melbourne, Rich- 
mond, 23,400; south-east, Prahran, 21,000; south, 
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Emerald Hill, 25,300; south-west, Sandridge, 8700 ; 
north-west, Hotham, 17,800. These all lie within 
three miles of the general post-office in Elizabeth 
Street, but outside of them, and within a radius of five 
miles, there is a circle of less populous suburbs: to the 
north, Brunswick, 6200; east, Kew, 4200, and Haw- 
thorn, 6000; south-east, St. Kilda, 11,600, and Brighton, 
4700; south-west, Williamstown, 9000, and Footscray, 
6000; north-west, Essendon and Flemington, 5000, 

umerous smaller suburbs fill up the spaces between 
these,—the principal being Northcote, Preston, Cam- 
berwell, Toorak, Caulfield, Klsternwick, and Coburg, 
with a united population of 19,000. 

Fifteen of these suburbs rank as independent muni- 
cipalities, and many of them have streets which for 
importance rival the main streets of the city. 
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_ The following table shows the growth of the popula- 
tion since 1851 :— 


1881, Total. 
Male. Female. Total. 1871, 1861. 1851, 
Melbourne.....| 34,526 | 81,883 | 65,859} 64,993 
Suburbs......... 118,785 108,268 217,048 151,787 
OUR PTs csyceky 148,311 134,596 282,907 206,780 | 191,254 | 25,000 


The land on which the city now stands was sold in 
allotments of half an acre, the prices realized being in 
June, 1837, about £34 each, in November, 1837, about 
£42, and in September, 1838, about £120 each. These 
allotments are now (1882) sold at prices ranging from 


9 
= + 


FZ, 
S SS) 


RIREE 
Ss 


SSS 


SSS 9 


SJ 
SI 
I 
RS 


fendly Sacie' A 


pn02 


aya 


Plan of Melbourne, 


. Houses of Parliament. 7. Scotch College, 

. Treasury. ! 8. Opera House, 

. Government (Offices. 9, Academy of Musie. 
. St. Patriek’s Cathedral, 10, Theatre Royal, 

. St. Patrick's College. 11. Princes Theatre. 

. Seoteh Church. - 12, Post-Office. 


£20,000 to £40,000. But, though land has thus in- 
creased in value, Melbourne is by no means a crowded 
city; the streets are all 99 feet wide, and the peri 
squares, and gardens are so numerous that. with only 
one-thirteenth of the population of London it occupies 
very nearly half as great an area. F ; 
"he public buildings are generally situated on posi- 
tions from which they are seen to advantage. The 
Parliament Houses form a great pile of brickwork with 
four fronts in freestone, of which the main front is not 
-yet completed; the interior decorations, are high] 
elaborate. The Treasury is a sear propornonsst build- 
ing in freestone; behind it stands a vast building 
known as the Government offices. On the hill of West 
Melbourne there is a large structure, newly erected, for 
the law courts; it has four very handsome fronts, each 
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13. Town Hall, 19, Law Courts.. 

14. Hospital, 20. Custom House. 

15. Public Library, ete. 21, Anglican Cathedral, 
16, Jail, 22. Governor’s House, 
17. University. 23, Observatory. 

18. Mint. 


about 300 feet in length, and the whole is surmounted 
by a lofty cupola, in the manner of the Capitol at 
Washington. The public library in Swanston Street 
forms one of: four fronts of a building which was pro- 
jected on a grand scale, but has never been completed. 
Iuch of the interior has been erected, but of the 
fronts only the main one is yet in existence, its cost 
having been £111,000. The lower story is devoted to 
sculpture; on one side there are casts of all the most 
famous statues; on the other there is a small collection 
of original works by modern sculptors, together with a 
gallery containing 8000 engravings and photographs; 


‘to the rear is the picture gallery, a very handsome hall, 


with oil ‘pointing chosen from the works of living 
artists. Another of the interior portions of the build- 
ing is occupied by the technological museum, in which 
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are arranged about 30,000 speciniens illustrative of the 
industrial arts. he upper story of the front is de- 
voted to the library, which occupies a chamber 240 feet 
long; 22 recesses contain each its own special branch 
of literature, the total number of volumes being 
112,000. The book shelves rise to a height of 20 feet, 
but they are divided by a narrow gallery which runs 
all round the room, and gives accéss to the upper tiers. 
The library is open to the public; and every visitor 
ranges at will, being bound by the two conditions only 
that he is to replace each book where he found it, and 
that he is to preserve strict silence. During 1881 there 
were 261,886 visits made to the room. 

The Melbourne University is a picturesque but by 
no means imposing mass of buildings, buried among 
the trees of extensive and well-kept grounds about a 
mile from the heart of the city. In front of it stands 
the ‘‘ Wilson Hall,’’ erected at a cost of £40,000. Be- 
hind is the National Museum, containing collections of 
specimens of natural history. ‘The museum, like all 
public places in Melbourne, is freely open to the people. 
About 98,000 visitors entered it in 1881. The university 
has a staff of 10 professors and 12 lecturers, with about 
400 students. There are four courses open to students: 
arts, law, medicine, and civil engineering. Affiliated to 
the Melbourne University are the two denominational 
colleges, Trinity and Ormond, in which about 80 stu- 
dents reside, and where provision is made for instruction 
in theology. 

The Exhibition building consists of a nave 500 feet 
long and 160 feet broad, surmounted by a dome, with 
two annexes each 460 feet long. ‘These are built in 
brick with cement facings. ‘The mint is a very hand- 
some quadrangle, erected in 1872. In the year 1881 
there were three millions of sovereigns coined in it, 
making a total of sixteen millions since its erection. 
The governor’s residence is a large building on a hill 
overlooking the Yarra. The general post-office forms 
only half of a magnificent pile of buildings which will, 
when completed, include the central telegraph office. 

The town-hall, at the corner of Swanston Street and 
Collins Street, contains, besides the usual apartments 
for municipal offices, a hall seated for nearly 3000 per- 
sons, and fitted with a colossal organ, on which the city 
organist performs two afternoons a week, the public 
being admitted at a nominal charge. Hotham, Rich- 
mond, Hmerald Hill, Prahran, and Fitzroy have their 
own town-halls, all costly and somewhat pretentious 
buildings. 

The markets, erected at a cost of £80,000, stand in 
Bourke Street. They are handsome in external appear- 
ance, and ingeniously contrived for convenience within. 
The observatory is a humble-looking building on the 
St. Kilda Road; it contains an equatorial telescope, 
which had for some years the distinction of being the 
largest in the world. 

There are two railway stations, one being the ter- 
minus of all the country lines, and the other devoted 
to suburban traffic. The suburbs of Williamstown, 
Sandridge, Footscray, St. Kilda, Emerald Hill, Brigh- 
ton, Elsternwick, Hawthorn, Richmond, and Essendon 
are connected by rail with the city. 

The Melbourne Hospital is in the form of an exten- 
sive series of brick buildings, situated close to the 

ublic library. There are beds for about 300 patients. 

he Alfred Hospital, on the St. Kilda Road, was built 
in commemoration of the visit of Prince Alfred; it has 
beds for nearly 100 patients. The lying-in hospital 
can accommodate 62 persons. The blind asylum has 
over 100 inmates; and there are a deaf and dumb 
asylum, an immigrants’ home, and other charitable 
Institutions. 

Melbourne contains many churches, but few of them 
will compare with the public buildings in appearance. 
The Roman Catholic cathedral of St. Patrick, when 
completed, will, however, be a conspicuous ornament to 
the city. The Anglican cathedral, now (1882) in the 
course of erection, is to cost about £100,000. The 
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most striking ecclesiastical building is the Seotch church 
in Collins Street, which divides with Ormond College 
and the Wilson Hall the honor of being the finest 
specimen of architecture in the city. 

There are in Melbourne, among its numerous state 
schools, about thirty whose size and proportions entitle 
them to rank with the architectural ornaments of the 
city. They haye each accommodation for from 600 to . 
2000 scholars. Abundant provision has been made for 
secondary instruction by the denominations and by pri- 
vate enterprise. The Scotch College and the Presby- 
terian Ladies’ College, the Wesley College and the 
Wesleyan Ladies’ College, the Church of Hngland 
Grammar School, St. Patrick’s College and St. Francis 
Xavier's College, are all connected with the churches ; 
and there are besides between twenty and thirty good 
private grammar schools. 

Melbourne contains the offices of numerous banks, 
savings banks, and building societies. 

The parks and public gardens of Melbourne are ex- 
tensive and handsome. Within the city proper there 
are four gardens, which have been decorated with a 
lavish expenditure. The Fitzroy Gardens are one 
dense net-work of avenues of oak, elm, and plane 
with a ‘‘fern-tree gully’? in the middle. Casts of 
famous statues abound; and ponds, fountains, rustic 
houses, and small buildings after the design of Greek 
temples give a variety to the scene. The Treasury, 
Flagstaff, and Carlton Gardens are of the same class 
but less costly in their decorations. Around the central 
city there lie five great parks. The Royal Park, of 
about 600 acres, is lightly timbered with the original 
gum trees; some portions of open land are used for 
recreation. About 30 acres in the centre are beauti- 
fully laid out to accommodate a very superior zoological 
collection. The Yarra Park, of about 300 acres, con- 
tains the leading cricket grounds; of these the ** Mel- 
bourne’’ is the chief, distinguished by its very large 
stand and the excellence of its pitch. The Botanic 
Gardens oceupy about 200 acres of land, sloping down 
to the banks of the river, and laid out with great taste 
and skill. Albert Park, about 500 acres in extent, is 
not so elaborately laid out, but contains a small lake, 
which is much used for boating purposes, as the bay is 
stormy and exposed. Studley Park, a favorite place 
for picnics, is a romantic corner on a bend of the up- 
per Yarra, of about 200 acres extent, left entirely in 
a state of nature. 

Besides these parks each suburb has its own “ gar- 
dens’’ of moderate extent. At Flemington a large re- 
serve is devoted to racing purposes, where in November 
the race for the Melbourne Cup is held, the great racing - 
carnival of Australia, attended by about 100,000 persons. 

The shipping of Melbourne is very considerable. In 
1880 about 1500 vessels entered and cleared again, their 
tonnage being 960,000. Nearly all the intercolonial and 
a small proportion of the foreign vessels ascend the 
Yarra and unload in the heart of the city. The river was 
originally navigable for vessels of only 9 feet draught; 
but of late years the channel has been deepened so much 
that vessels drawing 16 feet can ascend with safety. 
Great works are now in operation by which the course 
is to be straightened and further deepened; and the 
quays which line the river banks will be made accessi- 
ble to the large vessels which now have to lie in the bay 
off the Sandridge and Williamstown piers. 

Shipbuilding is a comparatively unimportant indus- 
try, but a great deal of repairing is done; the graving 
dock at Williamstown is able to hold the largest vessels 
which enter the port. 

The total values of the imports of Melbourne for 
1879 and 1880 were respectively £15,035,000 and 
£14,557,000, and of the exports £12,454,000 and 
£15,954,000. 

In 1881 Melbourne contained 2469 factories employ- 
ing 38,141 hands, and converting £8,012,745 worth of 
raw material into £13,384,836 worth of finished arti- 
cies. The leading products are leather, flour, clothing, 
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furniture, boots, carriages, preserved meats, ales, soap, 
candles, cigars, ironwork, jewelry, jams, confectionery, 
biseaits, and woollens. 

The city is abundantly supplied with newspapers, in- 
cluding three morning and three evening dailies. Two 
reviews are published. 

The climate of Melbourne is exceptionally fine, the 
only drawback being the occasional hot winds which 
blow from the north for two or three days at a time, and 
raise the temperature to an uncomfortable extent. But 
the proportion of days when the sky is clear and the air 
dry and mild is large. The mean annual temperature 
is 57°, which would make the climate of Melbourne 
analogous to that of Madrid, Marseilles, or Verona, but 
without the extremes experienced in those places. 
Snow falls every year in Italy, while it is unknown in 
Melbourne; and the highest temperature reached there 
in summer is below that of the cities mentioned. 

As a field for emigration from KHuropean countries, 
Melbourne offers many advantages to the industrious 
mechanic or laborer. 

The cost of living is about the same as in London. 
Rents are higher, and furniture and utensils dearer ; 
but butcher meat, bread, and clothes are cheaper. 

There is no city where more has been done for the 
working-classes or where they have made so good a use 
of their advantages. Many of their efforts at govern- 
ment (for they have all the power in their hands) have 
been ill-advised, but individually they have exhibited a 
prudence of which the community reaps the fruits. It 
is one of the peculiar features of Melbourne that about 
three out of every four mechanics who have reached 
middle life own the neat cottages they occupy. 


History.—The city of Melbourne is without exception 
the most striking instance of the aptitude of the Anglo- 
Saxon race for colonization. It was not till the opening 
years of the present century that the first European sailed 
through the narrow entrance to Port Phillip, and it was 
only in 1835 that the white man made his habitation there. 
In that year John Fawkner sailed up the Yarra in his lit- 
tle vessel the “ Enterprise,’’ laden with materials for a 
settlement; he was stopped by a slight waterfall in a val- 
ley where dense groves of wattle trees all in bloom loaded 
the air with perfume, and where flocks of white cockatoos 
whirled aloft when the first stroke of the axe resounded 
in the forest. This spot is now the centre of a great city 
10 miles in length, 6 in breadth, covering an area of 45,000 
acres, and peopled by 283,000 persons. So rapid and solid 
a growth, at a distance from the mother country of the 
whole extent of the earth, is an example of colonizing en- 
terprise altogether without parallel. 

The settlement was at first called by the native name 
“Pootigala,’ but a desire for distinguished patronage 
eaused the portion on the sea-shore, which was then es- 
teemed the more important, to be called ‘ Williamstown,”’ 
after King William IV., while the little collection of huts 
some 3 or 4 miles inland was named ‘ Melbourne,” in 
honor of the prime minister Lord Melbourne. 

For two years a constant stream of squatters with their 
sheep flowed in from Tasmania; then numerous “over- 
landers” drove their flocks from the Sydney side across 
the Murray and settled near Port Phillip. Captain Lons- 
dale was seut by the Sydney Government to act as police 
magistrate, but in 1838 Mr. Latrobe was placed in charge 
with the title of superintendent. As the squatters pros- 
pered Melbourne increased in size, so that in 1841 it con- 
tained 11,000 inhabitants. A period of depression occurred 
in 1843, followed by several years of the greatest prosper- 
ity, till, in 1851, gold was discovered in New South Wales. 
The district of Port Phillip became infected by the ex- 
citement; many parties scoured that part of the country 
in search of the precious metal, and six weeks after the first 
discovery of it there the great riches of Ballarat were made 
known. Within a year from that time a hundred thou- 
sand men had landed in the colony in order to proceed to 
the diggings; for several years after the same number 
landed every twelve months; and Melbourne iucreased in 
population from 30,000 to 100,000 in the course of two or 
three years. 

During the year of the gold discoveries the Port Phillip 
district was separated from New South Wales, and formed 
into a separate colony with the name Victoria. In 1855 
the British Government granted to it a complete autonomy ; 
Melbourne became the capital of the new colony. (A. SU.) 
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MELBOURNE, Wit11AM Lamp, seconp Viscount 
(1779-1848), second son of the first Viscount Melbourne, 
was born 15th March, 1779. After completing his 
course at Trinity College, Cambridge, he studied law 
at the University of Glasgow, entered Lincoln’s Inn in 
1797, and was called to the bar in 1804. In 1805 he 
married Lady Caroline Ponsonby, daughter of the earl 
of Bessborough, who after her separation from him 
acquired some fame as a novelist, and was also a friend 
of Lord Byron. On entering parliament the same year 
Lamb joined the opposition under Fox, of whom he was 
an ardent admirer; but his Liberal tendencies were 
never of a very decided character, and he not unfre- 
quently gave his support to Lord Liverpool during that 
statesman’s long tenure of office. During the short 
ministry of Canning in 1827 he was chief secretary for 
Ireland, but he afterwards for a time adhered to the 
small remnant of the party who supported the duke of 
Wellington, The influence of Melbourne asa politician 
dates from his elevation to the peerage in 1828. Dis- 
agreeing with the duke of Wellington on the question 
of parliamentary reform, he in 1830 entered the minis- 
try of Grey as home secretary. For the discharge of 
the difficult and multifarious duties of this office at such 
a critical time he was decidedly deficient both in insight 
and in energy, but his political success was totally inde- 
pendent of his official capacity ; and, when the ministry 
of Grey was wrecked on the Irish question, Melbourne 
was chosen to succeed him. Almost immediately he 
| had to give place to a Conservative ministry under Peel, 
but, the verdict of the country being in his favor, he 
resumed office in 1835. The period of his ministry was 
wholly uneventful, and for a considerable time before 
he resigned in 1841 he had lost the confidence of the 
country. From the time of his retirement from office 
he took little interest in polities. He died at Melbourne 
House, Derbyshire, 24th November, 1848. 

Lord Melbourne was without even the elementary qual- 
ification of diligent attention to details, which in the ab- 
sence of higher endowments sometimes confers on a states- 
man the greater part of his suecess. Nor can it be said 
that in public he ever displayed any of those specious and 
brilliant talents which are often found an acceptable sub- 
stitute for more solid acquirements. Though he possessed a 
fine and flexible voice, his manner as a speaker was ineffee- 
tive, and his speeches were generally ill-arranged and 
destitute of oratorical point, notwithstanding his occasional 
indulgence in inelegant flights of rhetoric. Indeed his 
political advancement was wholly due to his personal pop- 
ularity. He had a thorough knowledge of the private and 
indirect motives which influence politicians, and his 
genial attractive manner, easy temper, and vivacious, if 
occasionally coarse, wit helped to confer on him a social 
distinction which for a time led many to take for granted 
his eminence as a statesman. The most notable and esti- 
mable feature of his political conduct is his relation to 
Queen Vietoria, whom he initiated into the duties of sov- 
ereign with the most delicate tact and the most friendly 
and conscientious care, 


» MELCHIADES, or Miurrapes (other forms of the 
name being Meltiades, Melciades, Milciades, and Mil- 
tides), was pope from July 2, 310, to January 10 or 11, 
314. He appears to have been an African by birth, 
but of his personal history nothing is known. The 
toleration edicts of Galerius and of Constantine and 
Licinius were published during his pontificate, which 
was also marked by the holding of the Lateran synod 
in Rome (313), at which Ceecilianus was acquitted of 
the charges brought against him, and Donatus con- 
demned. Melchiades was preceded and followed by 
Husebius and Sylvester I. respectively. 
MELCHITES. The name of Melchites (Syriac, 
Malkayé; Arabic, Malaktya, or in the vulgar pronun- 
ciation Milktya) means etymologically the royal party 
and so is currently applied in the East to Syrian an 
Keyptian Christians of the Orthodox Greek Church 
adherents of the creed supported by the authority o 
the king, that is, of the r ueereilk emperor. The 
Melchites therefore are those who accept the decrees 
of Ephesus and Chalcedon as distinguished from the 
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Nestorians and Jacobites, and the name reflects in an 
interesting manner the way in which the doctrinal con- 
troversies that agitated the Hastern empire associated 
themselves with national feelings of antagonism to the 


imperial rule. 
MELCHIZEDEK (P8729, “king of righteous- 


ness’), king of Salem and priest of ‘‘supreme El” 
(Elelyén), brought forth bread and wine to Abram, 
on his return from the expedition against Chedorla- 
omer, and blessed him in the name of the supreme 
God, possessor (or maker) of heaven and earth. And 
Abram gave him tithes of all his booty (Gen. xiv. 
18-20). The Bible history tells us nothing more 
about Melchizedek (comp. Hebrews vii. 3); but the 
majestic figure of the king-priest, prior to the priest- 
hood of the law, to whom even the father of all Israel 
paid tithes, suggested a figurative or typical application, 
first in Psalm ex. to the vicegerent of J cliovah, seated 
on the throne of Zion, the king of Israel who is also 
priest after the order of Melchizedek, and then, after 
the gospel had confirmed the Messianic interpretation 
of the Psalm (Matt. xxii. 42 sq.), to the kingly priest- 
hood of Jesus, as that idea is worked out at length in 
the Epistle to the Hebrews. 


The theological interest which attaches to the idea 
of the pre-Aaronic king-priest in these typical appli- 
cations is practically independent of the historical ques- 
tions suggested by the narrative of Gen. xiy. It is gen- 
erally recognized that this chapter holds quite an isolated 
place in the Pentateuchal history; it is the only passage 
which presents Abraham in the character of a warrior, and 
connects him with historical names and political move- 
ments, and there are no clear marks by which it can be 
assigned to any one of the documents of which Genesis is 
made up. Thus, while one school of interpreters finds in 
the chapter the earliest fragment of the political history 
of western Asia, some even holding with Ewald that the 
narrative is probably based on old Canaanite records, other 
critics, as Noldeke, regard the whole as unhistorical and 
comparatively late in origin. On the latter view, which 
finds its main support in the intrinsic difficulties of the 
narrative, it is scarcely possible to avoid the conclusion 
that the chapter is one of the latest additions to the Pen- 
tateuch (Wellhausen). The historical arguments pro and 
con may be seen at length in recent commentaries, but 
especially in Tuch’s essay (Z. D. M. G., i. 161 sq., reprinted 
in the second edition of his Genesis), which was long view- 
ed as decisive in favor of the narrative, and in Noldeke’s 
Untersuchungen, 1869, p. 156 sq., with which compare Well- 
hausen in Jakrb. f. D. Th., 1876, p. 414 sq. The Assyrian 
monuments offer no decisive evidence, but are held to 
confirm the historical possibility of the proper names 
(Schrader, KI. und AT., p. 46 sq.; Delitzsch, Paradies, p. 
224). Here we can only speak of the episode of Melchize- 
dek, which, though connected with the main narrative by 
the epithets given to Jehovah in verse 22, seems to break 
the natural connection of verses 17 and 21, and may per- 
haps have come originally from a separate source. As the 
narrative now stands Salem must be sought in the vicinity 
of ‘‘the king’s dale,’’ which from 1 Sam, xviii. 18 probably 
but not necessarily lay near Jerusalem, That Salem is 
Jerusalem, as in Psalm Ixxvi. 2, is the ancient and com- 
mon view, and is necessarily followed by those who view 
Melchizedek as a late creation. Those who hold the oppo- 
site view now lean to the identification with the Zadrciu of 
John iii. 23, 8 miles south of Bethshean, which Jerome 
(Ep. 1xxiii. ad Evangelium) confirms by a worthless tradi- 
tion. Ina genuine record of extreme antiquity the union 
of king and priest in one person, the worship of El as the 
supreme deity by a Canaanite,! and the widespread practice 
of the consecration of a tithe of booty can present no diffi- 
culty; but, if the historical character of the narrative is 
denied, the origin of the conception must be placed as late 
as the rise of the temporal authority of the high priests 
after the exile. An ancient legend identifies Melchizedek 
with Shem (Palestinian Targum, Jerome on Isa. xli., 
Ephraem Syrus in loco). 


MELCOMBE REGIS. See Wreymourtn. 

MELENDEZ VALDES, Juan (1754-1817), minor 
poet of Spain, was born at Ribera del Fresno, Badajoz, 
on March 11, 1754. He was destined by his parents, 
who were in good circumstances, for an official career ; 


1 On the other hand it is not correct to appeal to the Penulus 
of Plautus for the epithet ‘elyén. 


-of the humanities at Salamanca, 


MELCHIZEDEK—MELFI. 


and accordingly, after having completed his preliminary 
education at Madrid and Segovia, he went to Salamanca 

and duly graduated in laws. At an early age he had 
begun to write verses in imitation of the then much 
admired though now justly forgotten Hugenio Lobo ; 
but at Salamanca he came under the influence of the 
purer literary taste of the elder Moratin, while to the 
friendship of the cultivated and well-read Cadahalso he 
owed his introduction to the writings of recent Hnglish 
poets. At the age of twenty-six Melendez obtained the’ 
prize of the Spanish Academy for the best eclogue, one 
of the unsuccessful competitors being the well-known 
Iriarte; the poem (Batilo: egloga en alabanaa de la 
vida del campo, 1780) continues to be highly spoken 
of by native critics, who echo in various forms the 
remark of one of the adjudicators, that it was ‘‘red- 
olent. of the wild thyme.’’ In 1781 Melendez went 
to Madrid, where Jovellanos became his friend, and 
obtained for him in 1783 the appointment of professor 
In 1784, in compe- 
tition for a prize offered by the city of Madrid, he pro- 
duced his longest poem, a ‘dramatic eclogue’’ entitled 
Tas Bodas de Camacho (‘‘Camacho’s Wedding’’), 

which secured the vote of the judges, but did not 
add to his reputation, and soon fell into neglect. His 
genius does not seem to have been at all dramatic; at 
any rate he was unfortunate in his choice of a subject 
so little capable of dramatic treatment as the well-known 
episode in Don Quixote. In the following year, at the 
age of thirty-one, he published a little volte of lyries 
and pastorals which gave him the first place he still 


holds among Spanish poets of the 18th century. Sey- 
eral editions were exhausted in a single year, With 


poetical fame came professional advancement, and in 
1789 the ‘‘ Restorer of Parnassus’’ (Restanrador del 
Parnaso), as Melendez is sometimes pedantically called 
by his countrymen, received a judicial appointment at 
Saragossa, which in 1791 he exchanged for a chancery 
auditorship at Valladolid. In 1797 the publication of 
a new and greatly enlarged edition of his works, ded- 
icated to the prince of the peace, was followed by his 
removal to Madrid to a high post in connection with 
the treasury. The new poems included somewhat 
heavy philosophical epistles written after the manner 
of Young, fe an unmistakably dull epie eanto entitled 
Caida de Lnuzbel (“The Fall of Lucifer’), suggested 
by Milton, as well as an Ode to Winter, which showed 
how well the author had made himself acquainted with 
Thomson. On the fall of his friend Jovellanos in 1798 
Melendez was ordered away from Madrid, first to Me- 
dina del Campo and afterwards to Zamora, and it was” 
not till 1802 that he was permitted to settle in Sal- 
amanca. For the next six years his literary activity 
was but slight, being limited to the production of a 
short poem on ‘‘ Creation’? and the preparation of 
an unfinished translation of the dneid. After the 
revolution of Aranjuez (1808) Melendez accepted 
from King Joseph the post of councillor of state 
and afterwards that of minister of public instruction, 
a failure of patriotism which inyolyed him in many 
indignities and even dangers; in 1813 he was of course 
compelled to quit his country, and, after sojourning 
successively at Alais, Nimes, and Toulouse, he died in 
aoneersnis poverty and neglect at Montpellier, on May 
24, 1817. During his exile he employed himself in the 
preparation of a complete edition of his works, with 
numerous additions and corrections; this was after- 
wards published, along with a life of the author by 
Quintana, at the expense of the Government (4 vols. 
8vo, Madrid, 1820; reprinted at Paris, 1832, and at 
Barcelona, 1838). 

MELFI, a city of Italy, in the province of Potenza, 
30 miles N. of Potenza, on the maa and railway between 
that city and Foggia, is built on a small hill on the lower 
slopes of Monte Volture. The castle was originally 
erected by Robert Guiscard, but as it now stands it 
is mainly the work of the Doria family, who have 
possessed it since the time of Charles V.; and the 
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noble cathedral which was founded in 1155 by Robert’s 
son and successor, Roger, has had to be subjected to a 
modern restoration in consequence of the earthquake 
of 1851. In 1871 the city had 10,945 inhabitants; the 
commune had 9863 in 1861 and 12,657 in 1881. 

Melfi is of doubtful origin, but appears to have existed 
at least as early as the 4th century. By the Normans it 
was made the capital of Apulia in 1041, and provided with 
fortifications. The council held by Nicholas I. in 1059, that 

-of Urban II. in 1090, the rebellion against Roger in 1133 
and the subsequent punishment, the plunder of the town 
by Barbarossa in 1167, the attack by Richard, count of 
Acerra in 1190, and the parliament of 1223, in which Fred- 
erick If. established the constitution of the kingdom of 
Naples, form the principal peints of interest in the annals 
of Melfi during the more eventful period of its history. 
In 1348 Joanna I. of Naples bestowed the city on Niccolo 
Acciajuoli; but it was shortly afterwards captured, after a 
six months’ siege, by the king of Hungary, who transferred 
it to Conrad the Wolf. In 1392 Goffredo Marzano was made 
count of Melfi; but Joanna II. granted the lordship to the 
Caracciolo family, and they retained it for one hundred 
and seven years till the time of Charles V. An obstinate 
resistance was offered by the city to Lautree de Foix in 
1528; and his entrance within its walls was followed by 
the massacre, it is said, of 18,000 of itscitizens. Asa bish- 
opric Melfi is directly dependent on the Holy See. 


MELITA (MeAir7), the classical name for MALTA 
(q. v.), was also the name borne by the modern Meleda, 
one of the Dalmatian Is ands, situated immediately to 
the south of Sabbioncello and to the north of Ragusa. 
Tt is about 24 miles in length, averaging about 14 in 
breadth, and has a good harbor. At one time it was 
supposed by some authors to have been the scene of 
the shipwreck of St. Paul, but this point has now 
for some time been conclusively settled in favor of 
Malta. See Smith, Voyage and Shipwreck of St. 
Paul, 1848. 

MELITO, bishop of Sardes, a Christian writer of 
the 2d century, is mentioned by Eusebius (JZ. Z., 
iv. 21) along with ai Saag Dionysius of Corinth, 
Apollinaris of Hierapolis, Lrenzeus, and others, his con- 
temporaries, as a champion of orthodoxy and upholder 
of apostolic tradition. Of his personal history nothing 
is known, and of his numerous works (which are enu- 
merated by Eusebius) only a few fragments are now 
extant. They included an Apologia addressed to 
Aurelius: some time between 169 and 180 A. D., two 
books relating to the paschal controversy, and a work 
entitled ’ExAoyat (selections from the Old Testament), 
which contained the well-known catalogue of ‘‘the books 
of the Old Covenant.’’ The fragments have been edited 
with valuable notes by Routh (Reliquice Sacre, vol. i., 
1814). It seems more than doubful whether the Apo- 
. logia of Melito ‘‘the Philosopher,” discovered in a 
Syriac translation by Tattam, and subsequently edited 
by Cureton and Renan, ought to be attributed to this 
writer and not rather to another of the same name. 

MELLONTI, Maceponto (1798-1854), a distinguished 
physicist, was born at Parma on April 11,1798. From 
1824 to 1831 he was) professor at Parma, but in the lat- 
ter year he was compelled to escape to Irance, having 
taken part in the revolution. fi 1839 he went to 
Naples as director of the conservatory of arts and 
handicrafts. He was likewise director of the Vesuvius 
observatory, a post which he held until 1848. Melloni 
received the Rumford medal of the Royal Society in 
1834, In 1835 he was elected correspondent of the 
Paris Academy, and in 1839 a foreign member of the 
Royal Society. He died from an attack of cholera on 
August 11, 1854. 


From the Royal Society catalogue of papers we find that 
Melloni produced eighty-six memoirs by himself, as well 
as three in connection with other physicists. These em- 
brace a wide range of subjects, but the reputation of Mel- 
loni as a physicist rests more especially upon his discoy- 
‘eries in radiant heat. Men of science were, in the early 
part of this century, very much in the dark with regard to 
the nature of the invisible heat rays. Leslie and others had 
indeed advanced the subject by means of the differential 
thermometer, but such an instrument was at the best a very 
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poor substitute for the human eye. It was necessary to in- 
vent an instrument more nearly capable of doing for the 
dark rays what the eye does for those of light before any 
great increase in our knowledge of this subject could be ex- 
pected to take place. This step was taken (shortly after See- 
beck’s discovery of thermo-electricity) in the construction of 
the thermo-multiplier or combination of thermopile and gal- 
vanometer which formed the subject of a joint memoir by 
Nobili and Melloni in 1831. In this memoir, after describing 
their instrument,these physicists confirmed the experiments 
of Leslie and others. They tried screens of glass, sulphate 
of lime, mica, and ice, also of water, oil, alcohol, and nitrie 
acid enclosed in glass, and found an instantaneous effect 
produced in the index of their instrument except for ice 
and water, the source of heat being an iron ball below red- 
ness. After finding that most substances when used as 
screens stopped a much larger proportion of dark heat than 
they did of light, Melloni set himself to discover some body 
that might be transparent for dark heat. In thissearch he 
was rewarded with complete success. Rock-salt was found 
to possess this property ; and he immediately proceeded to 
construct prisms and lenses of rock-salt, with which he 
proved the refraction of dark heat, that is to say, of the 
heat proceeding from bodies below incandescence. 

Melloni was likewise very successful in studying the ac- 
tion upon dark heat of screens of various substances. His 
experiments in this and other directions are described by 
Baden Powell in his report to the British Association on 
Radiant Heat (1840). The rays of the lamp were thrown 
upon screens of various materials in such a manner that 
the effect transmitted from all the screens was of a certain 
uniform amount. This constant radiation was then inter- 
cepted by a plate of alum, and it was found that very dif- 
ferent quantities of heat were transmitted through the 
alum in the different cases. Melloni concludes that the 
calorific rays issuing from the various diaphanous screens 
are, therefore, of different qualities, and possess what may 
be termed the diathermancy peculiar to each of the sub- 
stances through which they have passed. One of his 
screens was made of green glass, and he found that a 
piece of alum transmitted only 1 per cent. of the heat 
which had passed through this screen. Green glass and 
alum form, therefore, an antagonistic combination. 

These experiments suggest naturally a new analogy be- 
tween dark heat and light which could not fail to strike 
Melloni, and accordingly we soon find him describing an 
experiment with the solar rays transmitted through green 
glass and then intercepted by other media. They pass 
copiously through rock-salt, he tells us, but feebly through 
alum, and hence Melloni concludes that there are amongst 
the solar rays some which resemble those of terrestrial heat, 
and in general that the differences observed between solar 
and terrestrial heat in the transmission of rays are to be 
attributed merely to the mixture in different proportions 
of these several species of rays. An instrument like the 
thermo-multiplier could not of course remain a monopoly, 
and shortly after its completion we find Professor James 
Forbes making use of it to prove the polarization of heat 
as well as to extend our knowledge of refraction. The 
brilliant researches of this experimentalist were, like those 
of Melloni, crowned with the Rumford medal of the Royal 
Society. On September 2, 1839, Arago communicated to the 
Academy of Sciences a letter by Melloni, who had found 
that rock-salt acquires by being smoked the power of 
transmitting most easily heat of low temperature, or dark 
heat. Forbes had discovered a similar property in mica 
split by heat, and he now showed that rock-salt roughened 
and mica scratched possess similar properties to blackened 
rock-salt. Melloni on his part took up the subject of 
polarization, and decided in favor of the equal polarizability 
of heat from different sources, a conclusion that did not 
then appear to Forbes to be in conformity with his experi- 
ments. It is very instructive to notice the loyalty which 
held both these experimentalists to the results of their ob- 
servations. While Melloni differs from Forbes with regard 
to polarization, he will not allow the truth of a generaliza- 
tion proposed by Ampére, who had endeavored to explain 
on the theory of undulations the identity of light and 
heat,—the difference of effect being dependent solely on 
the different wave-lengths, those producing heat being 
larger than those giving rise to light. Melloni admits that 
many phenomena may be explained by this hypothesis, 
but he mentions some experiments in which he thinks that 
this theory will not hold. The brilliant generalizer from 
without has of course a different point of view from the 
laborious experimentalist within. They are all worthy of 
scientific honor—for it is by the seeming conflict, but in 
reality the united efforts, of workers such as these that the 
essential element of stability in the structure of scientifi 
Knowledge is finally secured. : 
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MELON (Cucumis Melo, Ta), a most polymorphic 
species of the order Cucurbitacece, the varieties of which 
are grouped by Naudin under ten tribes, while severa: 
other plants of less known characters probably belong 
to it.’ The melon is an annual herb with palmately- 
lobed leaves, and bears tendrils. It is monoscious, 
having male and female flowers on the same plant, 
The flowers have deeply five-lobed campanulate corollas 
and three stamens, audin observed that in some 
varieties (e g., of Cantaloups) fertile stamens some- 
times occur in the female flowers. It is a native of 
south Asia “from the foot of the Himalayas to Cape 
Comorin,’’* where it grows spontaneously, but is culti- 
vated in the temperate and warm regions of the whole 
world. It is excessively variable both in diversity of 
foliage and habit, but much more so in the fruit, which 
in some varieties is no larger than an olive, while in 
others it rivals the ponderous fruits of the gourd 
(Cucurbita maxima, L.). The fruit may be globular, 
ovoid, spindle-shaped, or serpent-like, netted or smooth- 
skinned, ribbed or furrowed, variously colored externally, 
with white, green, or orange flesh when ripe, scented or 
scontless, sweet or insipid, bitter or even nauseous, ete, 
Like the gourd, the melon undergoes strange metamor- 
phoses by crossing its varieties, though the latter pre- 
serve their characters when alone. ‘The offspring, 
however, of all crossings are fertile. As remarkable 
cases of sudden changes produced by artificially crossing 
races, M, Naudin records that in 1859 the offspring of 
the wild melons m, sauvage de Inde (CO. melo agrestis) 
and m, s. d’ Afrique, le petit m. de Kigari (C. macu- 
latus?) bore quite different fruits from their parents, 
the former being ten to twelve times their size, ovoid, 
white-skinned, more or less seented, and with reddish 
flesh ; though another individual bore fruits no larger 
than a nut. ‘The offspring of m, de Migari after being 
crossed bore fruits of the serpent-melon, On the other 
hand, the serpent-melon was made to bear oyoid and 
reticulated fruit,” 

With reference to the early cultivation of the melon, 
Naudin thinks it is probable that the culture in Asia is 
as ancient as that of all other alimentary vegetables. 
The Heyptians grew it, or at least inferior races of 
melon, which were either indigenous or introduced from 
Asia, ‘he Romans and doubtless the Greeks were 
familiar with it, though some forms may have been 
described as cucumbers. Columella seems to refer to the 
serpent-melon in the phrase wt coluber . . . ventre eubat 
Jlexco. Pliny Reached them as pepones (xix. 23 to xx, 6) 
and Columella as melones (xi. 2. 53); see Pickering, 
Ohron. Hist. af Pl., 229. The melon began to be exten- 
sively cultivated in France in 1629, according to Olivier 
de Serres. Gerard ( //erball, 771) figured and deseribed 
in 1597 several kinds of melons or pompions, but he 
has apparently included gourds under the same name, 
Pickering observes that the melon was carried by Co- 
lumbus to America, and by the Portuguese to the Ma- 
layan Archipelago. 

The origin of some of the chief modern races, such 
as ‘‘ Cantaloups,”’ ‘S Dudaim,”’ and probably the netted 
sorts, is due to Persia and the neighboring Caucasian 
regions, The first of these were brought to Rome from 
Armenia, in the 16th century, and supplies the chief 
sorts grown for the French markets ; but many others 
are doubtless artificial productions of West Kurope. 

For cultivation of the melon, seo art. Horrrcunrurn, 
and also Gard. Chron., May 6, 1882, p.596; and for references 
to French literature on the same see Naudin, wt supra, p. 82. 


MELOS (Att. Gr., M720c), the modern Milo, one of 
the Sporades of the Mecan Sea, situated at the south- 
west corner of the Archipelawo, in 386° 457 N, lat. and 


1 Wor generic characters see Benth, et Mook., Gen. Pl, 1, 826; 
and for a full account of the species of Cucwnis and of the 
tribes of melon, by M, Naudin, see Ann, des Sci, Nat., 4 sé, tom. 
xi. p. 84, 

2 Naudin, J. ¢, pp. 89, '76; see also Gard, Chron, 1857, p, 158, and 
1868, p, 180. 

§ Seo also Naudin, in Nowy. rech. sur l. hyb, dans les veg., p. 118, 
1861, 
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24° 267 Ki. long., 75 miles due east from the coast of 
Laconia, From east to west it measures about 14 miles 
from north to south 8 miles, and its area is estimated 
at 52 square miles. The greater portion is rugged and 
hilly, and the culminating point, Mount Elias in the 
west, reaches a height of 2538 feet. Like the rest of 
the cluster to which it belongs, the island as a whole is 
of yoleanic origin, with tuff, trachyte, and obsidian 
among its ordinary rocks. The great natural harbor, 
which, with a depth diminishing from 70 to 30 fathoms, . 
strikes in from the north-west so as to cut the island 
into two fairly equal portions, with an isthmus not more. 
than 1} miles broad, is evidently the hollow of the prin- 
cipal crater. In one of the cayes on the south coast 
the heat is still so great that one cannot remain within 
more than a few minutes, and on the eastern shore of 
the harbor there is a remarkable cluster of hot sulphur- 
ous springs. Sulphuris found in abundance on the top 
of Mount Kalamo and elsewhere. In ancient times the 
alum of Milo was reckoned next to that of Heypt 
(Pliny, xxxv. 15 [52]), and millstones, salt (from a 
marsh at the east end of the harbor), and gypsum are 
still exported. The Melian earth (77 Myce), employed 
as a pigment by ancient artists, was probably native 
white lead, Orange, olive, cypress, ain arbutus trees 
grow throughout the island, which, however, is too dry 
to have any profusion of vegetation. ‘The vine, the 
cotton plant, and barley are the main objects of culti- 
vation. Including the neighboring islands of Antimilos 
4 square miles), Cimolos (16 square miles), and Polinos 
5+ square miles), the total population of Melos was 
only 5588 in 1879, 

Antimilo, 53 miles north-west of Milo, is a mere un- 
inhabited mass of trachyte, and is often called Hriomilo 
or Desert Melos. Cimolos, or Argentiera, less than 
| mile to the north-east, was famous in antiquity for its 
figs and fuller’s earth (Kiwoaia y7#), and contained a 
considerable city, the remains of which still cover the 
cliff of St. Andrews. Lolinos, Polybos or Polivo, and 
Kaimeni, or ‘Burned Island,” the le Brulée or Isola 
Bruciata of the French and Italians, lies rather more 
than a mile south-east of Cimolos. Tt was in antiquity 
the subject of dispute between the Melians and Cimo- 
lians. It has long been almost uninhabited. 


In ancient times the city of Melos, built terrace fashion 
round a hill in the north-east of the main island, was a 
place of considerable size; “ the western wall, of Cyclopean 
masonry, is traceable all the way down from the summit to 
thosea,”’ and among the ruins are a templein the Corinthian 
style and a beautiful little theatre cleared in 1836 by order 
of the king of Bavaria. Painted vases (the ancient Melians+ 
were great makers of this kind of ware), bronzes, gold 
ornaments, and similar specimens of art workmanship have 
been recovered from the débris; and in 1820 the “ Venus of 
Milo,” now in the Louvre, the noblest extant representa- 
tion of Aphrodite, was found in the neighborhood of the 
theatre, The top of the hill is now occupied by Castro, the 
principal village in the island. At some distance to the 
south-east, at the plaee called Tripiti (i. e. rpumnr}, “the 
perforated ’’), lies a remarkable cluster of catacombs con- 
taining frescos, ete., of evidently Christian origin. Palea 
Chora, about 5 miles farther south-east, is now an almost 
deserted village, but down to the beginning of the last cen- 
tury it had about 5000 inhabitants, and it continued for a 
time to be considered the capital of the island. 

The first occupants of Melos were probably Phoenicians, 
but the island was Hellenized at an early date by Minyans 
and Dorians from Laconia, Though its inhabitants sent a 
contingent to the Greek fleet at Salamis, they held aloof 
from the Attic league, and sought to remain neutral during 
the Peloponnesian War. But in 416 B, ¢, the Athenians, 
having attacked the island and compelled the Melians to 
surrender at discretion, slow all the men capable of bearing 
arms, made slaves of the women and children, and intro- 
duced a body of five hundred Athenian colonists. Lysander 
restored the island to its old Dorian possessors, but it never 
recovered its former prosperity, ‘There were many Jewish 
settlors in Melos in the beginning of the Christian era, and 
Christianity was early introduced. During the “ Frankish” 
period the island formed part of the duchy of Naxos, ex- 
copt for the few years (1341-83) when it wag a separate 
lordship under Marco Sanudo and his daughter, 
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_ See Leycester, ‘The Volcanic Group of Milo, Anti-Milo, etc.,” 
in Jour. Roy, Geog. Soc., 1852; Tournefort, Voyage ; Leake, Northern 
Greece, Vol. iii.; Prokesch von Osten, Denkwiirdigkeiten, etc. ; and 
Bursian, Geog. von Griechenland, vol. i. 


MELROSE, a village of Roxburghshire, Scotland, 
on the south bank of the Tweed, 37 miles by rail south- 
south-east of Hdinburgh. Its population has steadily 
advanced from 966 in 1851 to 1550 in 1881. Though 
a burgh of barony since 1609, it is a purely agricultural 
village, and would be of little interest but for the ruins 
of its abbey, now the property of the duke of Buccleuch. 
It was formerly called Little Fordell, and its present 
name even dates from the foundation of the monastery 
by David IT. in 1136. 

There had been a Columbite monastery of Melrose 
at the place now known as Old Melrose, about a mile 
and a half to the east of the village, but this establish- 
ment, probably never of much architectural magnif- 
icence, had, according to the Chronicle of the Picts and 
Scots, been destroyed by Kenneth M‘Alpin in 839, and 
may never have recovered from the disaster. ing 
David's abbey, which he entrusted to a body of Cis- 
tercian monks from Rievaulx (Riuall) in Yorkshire, 
was dedicated on Sunday, 28th July, 1146; it was laid 
in ruins by Edward II. of England in 1322; Bruce 
caused the work of restoration to be vigorously prose- 
cuted, but the edifice was again burned by Richard IL. 
in 13885. The abbey church as it now stands conse- 
quently belongs in the main to the latter half of the 
14th century and the first half of the 15th, with a good 
many portions ofa considerably later date. 


Architecturally the abbey may be described as a splen- 
did example of the Middle Pointed style, strongly affected 
on the one hand by Flamboyant and Perpendicular tend- 
encies, and on the other by the individuality of some of 
the builders. Cruciform in plan, it measured 2144 feet 
from east to west, the width of the nave being 69 feet, and 
across the transepts 115}. The noble edifice was damaged 
by the English in 1545; and since the Reformation it has 
been altered to suit the necessities of Presbyterian worship 
(1618-1810), and plundered by builders to supply orna- 
ments for houses. The whole building is now in ruins. 
The west end and a good part of the north side have dis- 
appeared; but the elevation of the south side is nearly 
entire, both the transepts and the east end are externally in 
very fair preservation, part of the central tower is stand- 
ing, and the sculptured roof still covers the east end of the 
chancel. Of the individual features of the building, the 
great eastern window has been generally most admired 
since Sir Walter Scott celebrated the moonlit aspect of its 
“slender shafts of shapely stone.” It has five lights; the 
height is 37 feet and the width 16; and the upper portion 
is filled in with delicate tracery of a geometrical design. 

* Very beautiful too is the whole gable of the south transept. 
In the interior, on the north side of the nave, there still 
stand four of the original square piers, and one of them shows 
a Norman “cap.” The choir, the west end of which is shut 
off by a massive rood-screen, has been largely ‘spoiled by 
rough 17th century work ;” but enough remains of the 
decorative detail to provoke the admiration and despair of 
the modern artist in stone. The facile and at the same 
time elaborate rendering of vegetable forms, such as the 
Scotch “‘Icail,” .is particularly striking. It was in the 
abbey-church of Melrose, where Alexander II. had long 
before been buried near the high altar, that the heart of 
Bruce found its final resting-place; and among the many 
tombs which afterwards gathered under the same roof were 
those of his faithful knight James Lord Douglas, Sir Wil- 
liam the dark knight of Liddesdale, and the hero of Chevy 
Chase. 

The ancient muniments of the abbacy have been pre- 
served in the archives of the earl of Morton; they were 
published by the Bannatyne Club (2 vols., 1837, Liber 
Sancte Marie de Melros), under the editorship of Cosmo In- 
nes. Among the many interesting documents is one of the 
very earliest specimens of the Scotch tongue. The Chronica 
de Mailros, preserved among the Cotton MSS., has been twice 
printed,—at Oxford (1684) by Fulman, and by the Banna- 
tyne Club (1835), edited by John Stevenson. From about 1140 
till its close in 1265 the chronicle may be considered original ; 
it was put largely under contribution by later compilers. 

See Waleot, The Ancient Church of Scotland; W. Hutchinson, A 
View of Northumberland, etc., Newcastle, 1778; Adam Milne, De- 


seription of the Parish of Melrose, Kelso, 1782: J. Bower, Deserip- 
tion of the Abbeys of Melrose and Old Melrose, Kelso, 1815; J. A. | 
Wade, History of St. Mary's Abbey, Melrose, Edinburgh, 1861; Fred. | 
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Pinches, The Abbey Church 
drawings), London, 1879. 


MELTON MOWBRAY, a market-town of England, 
county of Leicester, is pleasantly situated in a fertile 
vale, at the confluence of the Wreake and Eye, 15 miles 
north-east of Leicester and 104 north of London by 
rail. The Eye is spanned by a bridge of four arches. 
The town consists principally of two main streets, and 
is substantially built of brick. The church of St. Mary, 
a handsome cruciform structure partly in the Harly 
English style, and adorned by a lofty and richly orna- 
mented tower, was heightened and otherwise enlarged 
in the reign of Elizabeth, and has also undergone 
modern improvements. There are largely endowed 
almshouses and several other charities. Melton is the 
seat of a celebrated hunting district, in connection with 
which there are stables in the town capable of accom- 
modating about eight hundred horses. It is also well 
known for its ‘pork pies, and has a very large trade in 
Stilton cheese. There are breweries and tanneries, as 
well as an important cattle market. Iron-works have 
lately been erected. The town possesses great railway 
facilities. The population of the urban sanitary dis- 
trict in 1871 was 5033, and in’ 1881 it was 5766. 

The old namé of Melton was Medeltone, and the place is 
of considerable antiquity. During the Civil War it was in 
February, 1644, the scene of the defeat, with great slaughter, 
of the parliamentary forces by the royalists. It is the 
birthplace of John Henley the orator, 

MELUN, capital of the department of Seine-et- 
Marne, France, 28 miles south-east of Paris by railway, 
occupies a hill on the right bank of the Seine and the 
level ground at its foot. It owes its rank as ‘‘chef- 
lieu’ to its central position merely ; for there are two 
other towns in the department, Meaux and Fontaine- 
bleau, which have a larger population. Melun is near 
one of the most beautiful parts of the forest of Fontaine- 
bleau. Among the rich estates in its neighborhood 
the most remarkable is the magnificent chateau of 
Vaux-Praslin, which belonged to Fouquet, superintend- 
ant of finances under Louis XIV. The church of 
Notre Dame formerly belonged to a nunnery, now oc- 
cupied by a central house of detention for twelve hun- 
dred prisoners. On the apse of the church of St. Aspais 
may be seen a modern medallion in bronze, the work of 
the sculptor Chapu, representing Joan of Are as the 
liberator of Melun. The population in 1881 was 12,145. 

Melun is a very ancient town, and has played’ an im- 
portant part in history. As early as the time of Czesar’s 
Gallic wars it was taken possession of by his lieutenant 
Labienus, in order to attack Lutetia with greater ease by 
the right bank of the Seine. It was pillaged by the Nor- 
mans, and afterwards became the favorite residence of the 
first kings of the race of Capet ; Robert and Philip I. both 
died there. During the Hundred Years’ War Melun was 
given up by Jeanne of Navarre to her brother, Charles the 
Bad, but was retaken by the dauphin Charles and Dugues- 
clin. In 1420 it made an heroic defence against Henry VY. 
of England and his ally the duke of Burgundy. Ten years 
later the people of Melun, with the help of Joan of Are, 
drove out the English. It was occupied by the League in 
1589, and retaken by Henry IV. in the following year. 
Jacques Amyot was born there in 1504. 

MELVILLE, Henry Dunpas, Viscount (1741- 
1811), younger son of the Right Honorable Robert 
Dundas, lord president of the Scottish court of session, 
was born at Edinburgh in 1741, and was educated at the 
high school and university there. Becoming member 
of the faculty of advocates in 1763, he soon acquired a 
leading position at the bar. After his appointment as 
lord advocate in 1775, he gradually relinquished his 
legal practice to devote his attention more exclusively 
to public business. On entering parliament in 1774, he 
had joined the party of Lord North, and notwithstand- 
ing ee provincial dialect and ungraceful manner, he 
goon distinguished himself in the debates by his clear 
and argumentative speeches. After holding subordinate 
offices under the marquis of Lansdowne and Pitt, he im 
1791 entered the cabinet as home secretary. From 1794 
to 1801 he was secretary at war under Pitt, who con- 
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ceived for hima special friendship. In 1802 he was 
elevated to the peerage as Viscount Melville and Baron 
Dunira. Under Pitt in 1804 he again entered office as 
first lord of the admiralty, when he introduced numer- 
ous improvements in the details of the department. 
His impeachment in 1806, for the appropriation of bal- 
ances of public money remaining in his hands, resulted 
in his acquittal, but he never again held office. He 
died May 27, 1811. 

MELVILLE, AnpreEw (1545-1622), a distinguished 
Scottish scholar, theologian, and religious reformer, was 
the youngest son of Richard Melville, proprietor of Bal- 
dovy. near Montrose, at which place Andrew was born 
in 1545. His father fell at the battle of Pinkie, fight- 
ing in the yan of the Scottish army, two years after the 
birth of hisson; and, his wife having soon after followed 
him to the grave, the young orphan, then a gentle and 
delicate child, was tenderly cared for by his eldest 
brother Richard and his amiable and pious wife, whose 
memory the great scholar ever afterwards cherished 
with the warmest gratitude and affection. At a very 
early age Melville began to show a strong taste for 
learning, and his brother did everything in his power 
to give him the best education the country could then 
afford. The rudiments of Latin he obtained at the 
grammar school of Montrose, after leaving which he 
prosecuted the study of Greek for two years under 
Picke de Marsilliers, a Frenchman whom John Er- 
skine of Dun had induced to settle at Montrose; and 
such was the proficiency Melville made that on going to 
the university of St. Andrews he excited the astonish- 
ment of both students and professors by using the 
Greek text of Aristotle, which no one else there under- 
stood, the Latin translation being that which was alone 
employed in the teaching of logic. On completing his 
course of study, Melville left St. Andrews with the 
character of ‘‘the best poet, philosopher, and Grecian 
of any young master in the land.’”’ He then, in 1564, 
being nineteen years of age, set out for France to perfect 
his education at the university of Paris. He there 
applied himself especially to the study of the Oriental 
languages, but he had also the advantage of attending 
the last course of lectures delivered by Turnebus in the 
Greek chair, as well as those of the celebrated Ramus, 
whose mode of philosophizing and plan of teaching he 
afterwards introduced into the universities of Scotland. 
From Paris he proceeded to Poitiers for the purpose of 
studying civil law, and though only twenty-one years 
of age he was apparently at once made a regent in the 
college of St. Marceon. After a residence of three 
years, however, the political troubles of the country 
compelled him to leave France, and he then went on to 
Geneva, where he was warmly weleomed by Theodore 
Beza, at whose instigation he was appointed to fill the 
chair of humanity in the academy of Geneya, which 
then happened to be vacant. In addition to his teach- 
ing, however, he also applied himself to the further 
prosecution of his studies in Oriental literature, and in 

articular acquired from Cornelius Bertram, one of his 
Pither professors, a knowledge of Syriac. While he 
resided at Geneva the massacre of St. Bartholomew in 
1572 drove an immense number of Protestant refugees 
to that city, including several of the most distinguished 
French men of letters of the time, with whom Melville 
had nowthe opportunity of intimate intercourse. Among 
these were several men deeply learned in civil law and 
political science, and their society no doubt tended 
greatly both to increase Melville’s knowledge of the 
world and to enlarge his ideas of civil and ecclesiastical 
liberty—acquisitions which he must have found of essen- 
tial service when at a later period as a leader of the 
General Assembly he had to struggle against the at- 
tempts of James VI. to crush the liberties of the church 
of the Scottish Reformation. In 1574 Melville returned 
to Scotland, and almost immediately afterwards received 
the appointment of principal of Glasgow University, 
which at the time had fallen into an almost ruinous state, 
the college having in fact been shut up and the students 
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dispersed. Melville, however, with the knowledge of 
academic methods of training which he had obtained 
abroad, immediately set himself with immense energy 
to establish a good educational system, and in a short 
time his fame spread through the kingdom, and stu- 
dents flocked in from all quarters, till the class-rooms 
lately empty could not contain those who came for ad- 
mission. After laboring for six years in Glasgow, and 
having brought the seminary into a state of the most 
thorough efhciency, it was thought desirable that he 
should undertake the same duties at St. Andrews. He 
accordingly proceeded there in 1580, and was installed 
as principal of the new theological college. His duties 
there comprehended the teaching, not only of theology, 
but of the Hebrew, Chaldee, Syriac, and Rabbinical 
languages, and the great ability of his lectures was 
universally acknowledged, and excited quite a new in- 
terest in the university. The sweeping reforms, how- 
ever, which his new modes of teaching necessarily in- 
volved, and even some of the new doctrines which he 
began to introduce, such as the non-infallibility of Aris- 
totle, soon brought him into collision with some of the 
other teachers in the university; and this, along with 
the troubles which arose from the attempts of the court 
to force a bastard system of Episcopacy_upon the 
Church of Scotland, forced him to flee into England in 
order to escape the consequences of an absurd charge of 
treason which was made against him, and which seemed 
to threaten a prolonged imprisonment, and not improb- 
ably even his life. After an absence of twenty months he 
returned to Scotland in November, 1585, and in March, 
1586, resumed his lectures in St. Andrews, where he con- 
tinued to fulfil the duties of his office for twenty more 
years. During the whole of that time, however, his more 
prominent work was that of contending with unwearied 
energy and indomitable courage against the encroach- 
ments of an unscrupulous and tyrannical Government 
upon the liberties of the Scottish Church. Into the details 
of these it is of course impossible to enter here. But that 
in the main he and his coadjutors were fighting for the 
constitutionally guaranteed rights of the church is now 
admitted by all candid inquirers. (See in particular - 
The History of England from 1603 to 1616, by Samuel 
Rawson Gardiner, vol. i. chap. ix.) The chief charge 
against Melville is that his fervor often led him to for- 
get the reverence due to an “‘anointed monarch.’’ Of 
this, however, it is not very easy now to judge. Man- 
ners at that time were rougher than at present. Any- 
thing more rude, insolent, and brutal than James’s own 
occasional explosions it would be difficult to match, and 
a king so undignified could scarcely expect to be treated 
with dignity. Besides, what title had one who was 
acting in a purely arbitrary and illegal manner to receive 
other than the plainest dealing,—such as being reminded 
that though he was king over men he was only ‘‘ God’s 
silly vassal’’? Melville's rudeness (if it is to be called 
so) was simply the outburst of just indignation from a 
brave, true, and upright man, zealous only for the purit; 
of religion and regardless of consequences to himself, 
and it contrasts nobly with the grovelling sycophancy 
of most of the English bishops towards James. The 
close of Melville’s career in. Scotland was at length 
brought about by James in characteristic fashion. In 
1606 he and seven other clergymen of the Church of 
Scotland were summoned to London in order ‘‘ that his 
majesty might treat with them of such things as would 
tend to settle the peace of the church.’’ The contention 
of the whole of these faithful men was that the only 
way to accomplish that purpose was a free Assembly. 
Melville delivered his opinion to that effect with his 
accustomed freedom and boldness, and, haying shortly 
afterwards written a sarcastic Latin epigram on some of 
the superstitious practices he had observed in the chapel 
of Hampton Court, and some eavesdropper haying con- 
veyed the lines to the king, he was committed to the 
Tower, and detained there for the space of four years. 
On regaining his liberty, and being refused permission to 
return to his own country, he was invited to fill a profess- 
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or’s chair in the university of Sedan, and there he spent 
the last eleven years of his brave, active, noble, and use- 
ful life. He died at Sedan in 1622, at the age of sev- 
enty-seven. 

MELVILLE, Grorar Jonn Wuyre (1821-1878), 
has: a right to be regarded as the founder of a school 
of fashionable novels,—the fashionable sporting novel. 
He was lamented on his death as the Tyrteeus of the 
hunting field, the laureate of fox-hunting; all his 
most popular and distinctive heroes and_ heroines, 
Digby Grand, Tilbury Nogo, the Honorable Crasher, 
Mr. Sawyer, Kate Coventry, Mrs. Lascelles, are or 
would be mighty hunters. The eldest son of Major 
Whyte Melville, of Mount Melville, Fifeshire, he re- 
ceived his school education, like so many of his heroes, 
at Eton, entered the army in 1839, became captain in 
the Coldstream Guards in 1846, and retired in 1849. 
His first appearance in literature was made soon after, 
with a translation of Horace into fluent and graceful 
verse, published in 1850. His first novel was Dighy 
Grand, published in 1853. Although this first effort 
has a good deal more in it of Lytton’s early high- 
flying style than Whyte Melville’s later works, the 
unflagging verve and intimate knowledge with which 
he described sporting scenes and sporting characters 
at once drew attention to him as a novelist with a new 
vein. His power of sustaining interest in hunting 
and the things connected with hunting appeared 
more markedly in his next novel, Zilbury Nogo, con- 
tributed to the Sporting Magazine in 1853. He 
showed in the adventures of Mr. Nogo, what became 
more apparent in his later works, that he had a surer 
hand in humorous narrative than in pathetic descrip- 
tion; there are many pathetic scenes in his novels, but 
the pathos is sometimes rather forced, intended to point 
a moral—rather the pathos of the preacher than the 
poet. The hero of General Bounce, his next novel in 
order of publication (Mraser’s Magazine, 1854), little 
as one would expect it from the title, ends in a painful 
manner, somewhat out of keeping with the lively mid- 
dle and beginning. When the Crimean War broke out, 
Whyte Melville took part in it as a volunteer in the 
Turkish contingent; but this was the only break in 
his literary career from the time that he began to 
write novels till his death in 1878. By a strange 
accident, he lost his life in the hunting-field, the 
hero of many a stiff ride meeting his fate in gallop- 
prey over an ordinary Dp field. 

wenty-one novels appeared from his pen after his 
return from the Crimea:—Kate Coventry, 1856; The 
Interpreter, 1858; Holmby House, 1860; Good for 
Nothing, 1861; Market Harborough, 1861; The 
_ Gladiators, 1863; Brookes of Bridlemere, 1864; The 
Queen's Maries, 1864; Cerise, 1865; Bones and J, 
1868; The White Rose, 1868; M or N, 1869; Con- 
traband, 1870; Sarchedon, 1871; Satanella, 1872; 
Uncle John, 1874; Sister Louise, 1875; Katerfelto, 
1875; Rosine, 1876; Roy’s Wife, 1878; Black but 
Comely, 1878. Several of these novels are historical, 
the Gladiators being perhaps the most famous of 
them. As an historical novelist Whyte Melville can- 
not be put on.a level with Harrison Ainsworth for 
painstaking accuracy and minuteness of detail; he 
makes his characters live and move with great vivid- 
ness, but he obviously did not know at first hand the 
history of the periods chosen by him. It is on his 
portraiture of contemporary sporting society that his 
reputation as a novelist must rest; and, though now 
and then a character reappears, such as the supercil- 
ious stud-groom, the dark and wary steeple-chaser, or 
the fascinating sporting widow, his variety in the in- 
vention of incidents is amazing. Whyte Melville 
was not merely the annalist of sporting society for 
his generation, but may also be fairly described as 
the principal moralist of that society; he exerted a 
considerable and a wholesome influence on the man- 
ners and morals of the gilded youth of his time. His 
Songs and Verses and his metrical Legend of the True 
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Cross, though respectable in point of versification, are 
hardly worth mentioning on their own merits. 

MELVILL VAN CARNBEE, Prerer, Baron, 
an eminent Dutch geographer, was born at the Hague: 
20th May, 1816, and died October 24, 1856. He traced 
his descent from an old Scotch family, originally it is 
said of Hungarian extraction. Destined for the navy, 
in which his grandfather had won distinction, Melvill 
imbibed a taste for hydrography and cartography as a 
student under Pilaar in the college of Medemblik, and 
he showed his capacity as a surveyor on his very first 
voyage to the Dutch Indies (1835). In 1839 he was 
again in the Hast, and was now attached to the hydro- 
graphical bureau at Batavia. With the assistance of 
the long-neglected documents collected by the old com- 
pany, he completed in wonderfully short time his first 
great hydrographical work—a map of Java in five sheets, 
accompanied by sailing directions (Amsterdam, 1842; 2d 
revised edition, 1849),—which was received with great 
applause. Melvill remained in India till 1845 collecting 
materials for his second great hydrographical work, the 
chart of the waters between Sumatra and Borneo (two 
sheets, 1845 and 1846, revised edition of first sheet 
1847; compare the descriptive memoir in Tindal and 
Swart’s Journal, 1846). On his return to Holland Mel- 
vill was attached to the naval department with the 
special charge of studying the history of the hydrog- 
raphy of the Dutch Indies. He also undertook, in 
connection with Von Siebold, the publication of the 
Moniteur des Indes, a valuable series of scientific 
papers, mainly from his own pen, on the foreign 
possessions of Holland, which was continued for three 
years. In 1850 Melvill returned to India as lieutenant 
of the first class and adjutant to Vice-Admiral Van den 
Bosch; and after the premature death of this com- 
mander he was again appointed keeper of the charts 
at Batavia. He was one of the founders and for a 
time the president of the new society for natural 
science (1850). In 1853 he obtained exemption from 
active naval service that he might devote himself to a 
general atlas of the Dutch Indies; and under the most 
unfavorable circumstances he prosecuted the task with 
incredible energy. But he was not to see its completion. 
Just after he had lost his young wife and new-born son 
he was called in 1856 to be director of the marine estab- 
lishment of Onrust; and there he soon fell a victim to 
climate, dying after much suffering in the hospital of 
Weltevreden, only forty years of age. In spite of 
delays caused by the engraving of the maps in Hol- 
land, no fewer than twenty-five sheets were already 
finished, but it was not till 1862 that the whole plan, 
embracing sixty sheets, was ably brought to a close by 
Lieutenant-Colonel W. F. Versteeg. The premature loss 
of Melvill was severely felt not only in Holland but in 
foreign countries, where, as shown by his connection 
with the geographical societies of Paris, London, Ber- 
lin, and Bergen, his labors were highly esteemed. His 
industry and energy were equalled only by the beney- 
olente and warmth of his heart. In 1843 he received 
the decoration of the Netherlands Lion, in 1849 that 
of the Legion of Honor. 

MEMEL, the most northerly town in:‘Germany, and 
the principal seat of the Baltic timber trade, is situ- 
ated in the district of Konigsberg, Prussia, at the 
mouth of the Dange, and on the bank of a sound 
connecting the Kurische Haff with the Baltic Sea. On 
the side next the sea the town is defended by a citadel 


| and other fortifications, and the entrance to the large 


and fine harbor is protected by a lighthouse. Largely 
rebuilt since a destructive fire in 1854, Memel contains 
several churches, a gymnasium, a school of navigation, 
an exchange, and various judicial and official establish- 
ments. It also possesses large iron-foundries, ship- 
building yards, breweries, distilleries, and manufactories 
of chemicals, soap, and amber wares. By far the most 
important interest of the town, however, is its trade, 
the chief items in which are timber and the grain and 
other agricultural products of Lithuania. The timber 
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is brought by river from the forests of Russia, and is 


prepared for exportation by about thirty saw-mills. 


The annual value of timber exported is about £600,000. 
In 1880 the port of Memel was entered by 898 ships 
with an aggregate burden of 164,374 tons, and cleared 
by 932 vessels with a burden of 164,441 tons. The 
population of Memel in 1880 was 19,660. 

Memel was founded in 1252 by Poppo von Osterna, grand. 
master of the Teutonic order, and was at first called New 
Dortmund and afterwards Memmelburg. It soon acquired 
a considerable trade, and joined the Hanseatic League. 
During the 13th, 14th, and 15th centuries it was repeatedly 
burned down by its hostile neighbors, the Lithuanians and 
Poles, and in the 17th century it remained for some time 
in the possession of Sweden. In 1757, and again in 1813, 
it was occupied by Russian troops. After the battle of Jena, 
King Frederick William III. retired to Memel; and there, 
in 1807, a treaty was concluded between England and 
Prussia. The poet Simon Dach and the astronomer Arge- 
lander were natives of Memel. 

MEMLING, Hans, a painter of the 15th century, 
whose art gave a passing lustre to Bruges in the period 
of its political and commercial decline. Though much 
has been written respecting the rise and fall of the 
school which made this city famous, it still remains a 
moot question whether that school ever truly existed. 
Like Rome or Naples, Bruges absorbed the talents 
which were formed and developed in humbler centres. 
John Van Eyck first gained repute at Ghent and the 
Hague before he acquired a domicile elsewhere, and 
Memling, we have reason to think, was a skilled artist 
before he settled at Bruges. Yet if the question should 
be asked where the manner of Memling was shaped, 
and where he acquired the skill which he displayed at 
Bruges, we shall be greatly at a loss to reply. The 
annals of the city are silent as to the birth and educa- 
tion of a painter whose name was inaccurately spelt by 
different authors, and whose identity was lost under 
the various appellations of Hans and Hausse, or Hem- 
ling and Memling. |But no other city of the Nether- 
lands has vindicated the right which Bruges had no 
means of proving. Travellers who came to Bruges 
were only told that Memling’s masterpieces were pre- 
served in the hospital of St. John. In one of these 
pictures it was said a portrait of the artist might be 
discovered; on the sculptured ornaments of a porch 
enframing one of its subjects an incident of the mas- 
ter’s life might be traced,—his danger as he lay sense- 
less in the street, his rescue as charitable people carried 
his body to the hospital. The legend grew too. It 
came to be told how the great artist began life as a 
soldier who went to the wars under Charles the Bold, 
and came back riddled with wounds from the field of 
Nancy. Wandering homeward in a disabled state in 
1477, he fainted in the streets of Bruges, and was cured 
by the Hospitallers. Unknown to them, and a stranger 
to Bruges, he gave tangible proofs of his skill to the 
brethren of St. John, and showed his gratitude by 
refusing payment for a picture he had painted. Un- 
happily the legend refutes itself. The portrait of Mem- 
ling is a myth; the carvings of the capitals of the 
porch represent the ordinary incidents attending the 
reception of patients at an hospital. Memling did in- 
deed paint for the Hospitallers, but he painted not one 
but many pictures, and he did so in 1479 and 1480, 
being probably known to his patrons of St. John by 
many masterpieces even before the battle of Nancy. 

Memling is only connected with military operations 
in a mediate and distant sense. His name appears on 
a list of subscribers to the loan which was raised by 
Maximilian of Austria to push hostilities against France 
in the year 1480. When he signed this list his position 
was that of a resident at Bruges who had probably 
lived there long enough to acquire a large practice and 
its advantages in the form of lands and tenements. In 
1477, when he is said to haye fallen, and when Charles 
the Bold was killed, he was under contract to furnish 
an altarpiece for the guild chapel of the booksellers of 
Bruges; and this altarpiece, now preserved, under the 
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name of the Seven Griefs of Mary, in the gallery of 
Turin, is one of the fine creations of his riper age, and 
not inferior in any way to those of 1479 in the hospital 
of St. John, which for their part are hardly less inter- 
esting as illustrative of the master’s power than the 
Last Judgment in the cathedral of Dantzic. _ Critical 
opinion has been unanimous in assigning the altarpiece 
of Dantzic to Memling, and by this it affirms that 
Memling was a resident and a skilled artist at Bruges 
in 1473; for there is no doubt that the Last Judgment 
was painted and sold to a merchant at Bruges, who 
shipped it there on board of a vessel bound to the 
Mediterranean, which was captured by a Dantzic pri- 
vateer in that very year. But, in order that Memling’s 
repute should be so fair as to make his pictures pur- 
chaseable, as this had been, by an agent of the Medici 
at Bruges, it is incumbent on us to acknowledge that 
he had furnished sufficient proofs before that time of 
the skill which excited the wonder of such highly cul- 
tivated patrons; and thus we come to admit without 
much difficulty the possible truth of a report made by 
a chronicler of the 16th century that Memling had sit- 
tings from Isabella, consort of Philip the Good of 
Burgundy, in the year 1450. 

It is characteristic that the very oldest allusions to 
pictures connected with Memling’s name are those 
which point to relations with the Bureundian court. 
The inventories of Margaret of Austria, drawn up in 
1524, allude to a triptych of the God of Pity by Roger 
van der Weyden, of which the wings containing angels 
were by ‘‘ Master Hans.’’ But this entry is less im- 
portant as affording testimony in favor of the preser- 
vation of Memling’s work than as showing his connec- 
tion with an older Flemish craftsman. For ages Roger 
van der Weyden was acknowledged as an artist of the 
school of Bruges, until records of undisputed authen- 
ticity demonstrated that he was bred at Tournai and 
settled at Brussels. Nothing seems more natural than 
the conjunction of his name with that of Memling as 
the author of an altarpiece, since, though Memling’s 
youth remains obscure, it is clear from the style of his 
manhood that he was taught in the painting-room of 
Van der Weyden. Nor is it beyond he limits of prob- 
ability that it was Van der Weyden who received com- 
missions at a distance from Brussels, and first took his 
pupil to Bruges, where he afterwards dwelt. The 
clearest evidence of the connection of the two masters 
is that afforded by pictures, and particularly an altar- 
piece, which has alternately been assigned to each of 
them, and which may possibly be due to the joint 
labors of both. In this altarpiece, which is a triptych - 
ordered for a patron of the house of Sforza, we find the 
style of Van der Weyden in the central panel of the 
Crucifixion, and that of Memling in the episodes on the 
wings. Yet the whole piece was assigned to the former 
in the Zambeccari collection at Bologna, whilst it was 
attributed to the latter at the Middleton sale in London 
in 1872. At first, we may think, a closer resemblance 
might be traced between the two artists than that dis- 
closed in later works of Memling, but the delicate or- 
ganization of the younger painter, perhaps also a milder 
appreciation of the duties of a Chrisctan artist, may 
have led Memling to realize a sweet and perfect ideal, 
without losing, on that account, the feeling of his mas- 
ter. He certainly exchanged the asceticism of Van der 
Weyden for a sentiment of less energetic concentration. 
He: softened his teacher’s asperities and bitter hardness 
of expression. 

In the very oldest form in which Memling’s style is dis-’ 
played, or rather in that example which represents the 
Baptist in the gallery of Munich, we are supposed to con- 
template an effort of the year 1470. The finish of this 
piece is scarcely surpassed, though the subject is more im- 
portant, by that of the Last Judgment of Dantzic. But the 
latter is more interesting than the former because it tells 
how Memling, long after Roger’s death and his own settle- 
ment at Bruges, preserved the traditions of sacred art 
which had been applied in the first part of the century by 
Roger van der Weyden to the Last Judgment of Beaune, 
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All that Memling did was to purge his master’s manner of 
excessive stringency, and add to his other qualities a velvet 
softness of pigment, a delicate transparence of colors and 
yielding grace of slender forms. That such a beautiful 
work as the Last Judgment of Dantzie should have been 
bought for the Italian market is not surprising when we 
recollect that picture-fanciers in that country were familiar 
with the beauties of Memling’s compositions as shown in the 
preference given to them by such purchasers as Cardinal Gri- 
mari and Cardinal Bembo at Venice, and the heads of the 
house of Medici at Florence. But Memling’s reputation was 
not confined to Italy or Flanders. The Madonna and Saints 
which so lately passed out of the Duchatel collection into the 
gallery of the Louvre, the Virgin and Child of Sir John Donne 
at Chiswick, and other noble specimens in English and Con- 
tinental private houses show that his work was as widely 
known and appreciated as it could be in the state of civiliza- 
tion of the 16th century. It was perhaps not their sole attrac- 
tion that they gave the most tender and delicate possible im- 
personations of the “‘ Mother of Christ” that could suit the 
taste of that age in any European country. But the por- 
traits of the donors with which they were mostly combined 
were more characteristic, and probably more remarkable as 
likenesses, than any that Memling’s contemporaries could 
produce. Nor is it unreasonable to think that his success 
as a portrait painter, which is manifested in isolated busts 
as well as in altarpieces, was of a kind to react with effect 
on the Venetian school, which undoubtedly was affected 
by the partiality of Antonello da Messina for trans-Alpine 
types studied in Flanders in Memling’s time, The por- 
traits of Sir John Donne and his wife and children in the 
Chiswick altarpiece are not less remarkable as models of 
drawing and finish than as refined presentations of persons 
of distinction ; nor is any difference in this respect to be 
found in the splendid groups of father, mother, and chil- 
dren which fill the noble altarpiece of the Louvre. As single 
portraits, the busts of Burgomaster Moreel and his wife in 
the museum of Brussels, and their daughter the Sibyl Zam- 
betha in the hospital of Bruges, are the finest and most inter- 
esting of specimens. The Seven Griefs of Mary in the 
gallery of Turin, to which we may add the Seven Joys of 
Mary in the Pinakothek of Munich, are illustrations of the 
habit which clung to the art of Flanders of representing a 
eycle of subjects on the different planes of a single picture, 
where a wide expanse of ground is covered with incidents 
from the Passion in the form common to the action of 
sacred plays. The time came, no doubt, when the players 
took their cue from the painters, as in the Ghent proces- 
sion, which was formed on the model of Van Eyck’s Ador- 
ation of the Lamb. But in Memling’s days there were 
still some original “ players,” and the public was not averse 
to seeing illustrations of their work. In the first period of 
the development of Belgian art too, when the Flemings 
assigned more importance to carved work than to painting, 
and yet refused to accept sculpture without color, it was 
natural that the sculptor should multiply incidents on 
bas-reliefs which were coated with tinting in the sem- 
blance of nature. Memling’s pictures imitate reliefs so far 
as they abound in variety of episodes, and are marked by 
absence of contrast in light and shade or want of toning by 
gradations of atmosphere. Yet with all these peculiarities 
his works are very pleasant to the eye, because they are 
always graceful and quiet, 

The masterpiece of Memling’s later years, a shrine con- 
taining relics of St. Ursula in the hospital of Bruges, is 
fairly supposed to have been ordered and finished in 1480 
after the painter had become acquainted with the scenery 
of the Rhine, This shrine is one of the most interesting 
monuments of medizval art in Flanders, not only because 
it is beautifully executed, but because it reveals some part of 
the life of the painter who produced it, and illustrates the 
picturesque legend of Ursula and her comrades. The deli- 
cacy of finish in its miniature figures, the variety of its 
landscapes and costume, the marvellous patience with 
which its details are given, are all matters of enjoyment to 
the spectator. There is later work of the master in the 
St. Christopher and Saints of 1484 in the academy, or the 
Newenhoven Madonna in the hospital of Bruges, or a large 
Crucifixion with scenes from the Passion, of 1491, in the 
cathedral of Liibeck. But as we near the close of Mem- 
ling’s career we observe that his practice has become larger 
than he can compass alone; and, as usuai in such cases, the 
labor of disciples is substituted for his own. The registers 
of the painters’ corporation at Bruges give the names of 
two apprentices who served their time with Memling and 

aid dues on admission to the guild in 1480 and 1486. 
These subordinates remained obscure. 

It would be easy to form a long list of pictures by Mem- 
ling in the galleries of Berlin, Florence, London, Madrid, 
Paris, Rome, and Vienna, and pieces equally remarkable in 
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many private collections of England and the Continent, 
These have all been described, and are widely known. The 
present notice must be closed with the admission that pic- 
tures tell more of Memling’s life than records. The date 
of the master’s death is not better certified than that of his 
birth, This much, however, is certain. The trustees of 
Memling’s will appeared before the court of wards at 
Bruges on the 10th of December, 1495, and we gather 
from records of that date and place that Memling died a 
short time before, leaving behind several children and a 
considerable property. (Je A..:) 

MEMMI. See Marrint, Smrone. 

MEMMINGEN, a town of Bavaria, in the district 
of Schwaben and Neuberg, is situated about 35 miles 
to the south-west of Augsburg, near the river [ler. It 
is a well-built town, still partly surrounded with walls, 
and contains a Roman Catholic and three Protestant 
churches, a town-house of 1580, and several schools 
and charitable institutions. Its industrial products are 
yarn, calico, woollen goods, and thread. A consider- 
able trade is carried on in hops, which are extensively 
cultivated in the neighborhood, and in wool, leather, 
and grain. The population in 1880 was 8050. 

Memmingen, first mentioned in a document of 1010, 
belonged originally to the Guelph family. In 1286 it 
became a free city of the empire, a position which it main- 
tained down to 1802, when it was allotted to Bavaria. In 
1529 Memmingen was one of the “protesting’’ towns rep- 
resented at the diet of Spires. During the Thirty Years’ 
War it was alternately occupied by Swedes and Imperial- 
ists. In 1800 the French under Moreau gained a victory 
over the Austrians near Memmingen. Compare Dobel, Mem- 
mingen im Reformationszeitalter, 1877-78. Py 

MEMNON. In the Homeric mythology (or rather 
the mythology of the 7rotca in the much fuller form in 
which it existed in the times of Pindar and the tragic 
ets) this hero was called the son of Tithonus (the 
aie Reathe of Priam) and Kos (Aurora). Tradition 
represented him as an Ethiopian prince who came to 
assist the Trojans against the Greeks, and performed 
prodigies of valor, but was at length killed by Achilles, 
after having himself slain Antilochus, the son of Nestor, 
an event alluded to in Pindar, Pyth., vi. 832-39. His 
story must have been very famous, for more than one 
Greek play was composed bearing the title. 

The chief source from which our knowledge about 
Memnon as a chief is derived is the second book of the 
Post-Homerica, by Quintus Smyrneeus, where his ex- 
ploits and death are described at length. That Mem- 
non was slain by Achilles is more than once affirmed 
by Pindar (Nem., vi. 52; Jsthm., iv. 41, vii..54). He 
is mentioned also inthe Odyssey (xi. 522), with especial 
praise for personal beauty; but the allusion to him is 
quite casual, and is one of many proofs that the com- 
pilation of that and the sister epic presupposes in the 
reader or hearer a full knowledge of the hele tale of 
Troy. Modern philology associates Memnon—like 
Achilles, whom he so closely resembles in many particu- 
lars, and like Sarpedon, who seems the representative of 
Memnon in the Hiad—with solar phenomena.’ He was 
the son of the dawn, and, though he might vanish 
from sight for a time, he could not be destroyed, and 
therefore it was said that Zeus, moved by the tears of 
his mother, granted him immortality. In this respect, 
as also in wearing bright armor made by Hephestus, 
he is the counterpart of Achilles, who symbolizes the 
mid-day sun in his glory; and that Memnon is said to 
have come from the far east, 7. e., from the region of 
sunrise, is in itself significant. Ovid, in a beautiful 
elegy on the death of Tibullus, Amor., lib. i. 9, 8, 
thus associates the fates of Memnon and Achilles :— 

Memnona si mater, mater ploravit Achillem, 
Et tangunt magnas tristia fata deas, 
Flebilis indignos, Elegeia, solve capillos ; 
Ah nimis ex vero nunc tibi nomen erit. 
Like the body of the dead hero Sarpedon (/7., xvi. 
681), so that of Memnon was borne through the air, a 
legend represented on Greek vases of a rather early 
date. This appears to mean that the sun, the offspring 
of the dawn, careers through the sky to the place of his 
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departure in the west. Another account represents 
Zeus as haying sent forth birds from the funeral-pile 
of Memnon, which straightway fought with each other, 
and many fell back as victims to the soul of the hero. 

The mere fact that a Memnoniwm, or temple in 
honor of the hero, was erected both at Susa and at 
Keyptian Thebes, both of which places were centres of 
sun-worship, is a strong confirmation of the probability, 
derived from his mythical pedigree, that he was really 
asun-god. Sir G. W. Cox remarks,’ “of Memnon’s 
head the story was told that it retained the prophetic 
power of the living Helios or of Surya. The story is 
found in the myth of the ‘Teutonic Wismir, and it might 
have been related of Kephalos, the head of the sun;”’ 
and again (p. 267), ‘‘ Hos, the mother of Memnon, is 
so transparently the morning that her child must. rise 
again as surely as the sun reappears to run his daily 
course across the heaven.” 

With respect to the meaning of the name, it may 
possibly be the same as Agamemnon, which has a pre- 
fix meaning brave.? It has been thought that Ménvov 
and, wrgev, ‘mindful,’ are but forms of the same 
word, and that the prophetic power attributed to the 
head of the Egyptian Memnon, which was said to utter 
sounds at sunrise, is connected with this idea. It was 
said that the sound resembled the moaning noise or the 
sharp twang of a harp-string, and it may even be sur- 
mised that the syllables mem-non imitated the resonance. 
The Keyptian head is said to be a bust of King Amen- 
ophis ;° but if the Greeks fancied it uttered the word 
memnon, they would have called it by that name. The 
tendency, however, to give a Greek shape and inflexion 
to words which sounded barbarous will sufficiently 
account for the misnaming of the statue. 

Strabo, lib. xvii. p. 816, declares that he himselfheard it 
in company with Adlius Gallus and several of his friends, 
and Pausanias (i. 42, 2) says ‘‘one would compare the 
sound most nearly to the broken chord of a harp or a 
lute.’’ See also Juy., Sat., xv. 5; Tac., Ann., 1. 61. 

Memnon, as an Ethiopian, was of course represented 
as a black; hence Virgil (/n., 1. 493) speaks of “nigri 
Memnonis arma.’’ The figure itself was cut out of 
black basalt, but that is a material not uncommon in 
Egypt. Speaking quite generally, it seems reasonable 
to conclude that the Memnon from Ethiopia (which 
the early Greeks placed in the far east rather than in 
the south) typifies the eastern sun summoned to oppose 
the enemies of darkness from the west. 

MEMPHIS, the capital of the old Egyptian empire, 
founded by Menes, the first historical king; see vol. 
vii. pp. 634, 668. In the time of Strabo (xvii. p. 807) 
it was the second city of Heypt, inferior only to Alex- 
andria, and with a mixéd population like the latter. 
Memphis was still an important though declining place 
at the time of the Moslem conquest. Its final fall was 
due to the rise of the Arabic city of Fostét on the right 
bank of the Nile almost opposite the northern end of the 
old capital ; and its ruins, so far as they still lay above 
ground, gradually disappeared, being used as a quarry for 
the new city. ‘The remains of ‘‘ Menf”’ were still im- 

osing late m the 12th century, when they were described 
by ‘Abd el-Latff. In the Old Testament Memphis is 
mentioned under the names of Moph (Hos. ix. 6) and 
Noph (Isa. xix. 13; Jer. ii. 16; Kzek. xxx. 13, 16). 

MEMPHIS, a city of the United States, and port 
of entry, capital of Shelby county, Tennessee, is situ- 
ated on the east bank of the Mississippi river just 
below the mouth of Wolf river, in about 35° 87 N. lat. 
and 90° 5’ W. long, 450 miles below St. Louis and 826 
miles above New Orleans. The bluff on which the 
city stands has an average elevation of 473 feet above 
high-water mark, with a further fall of 36 feet to ex- 
treme low water. Memphis is methodically and taste- 
fully planned, and is adorned with many elegant private 
residences and public buildings, conspicuous among the 

1 Mythology and Folklore, p. 134. 

2 Sir G. W. Cox, Mythology of the Aryans, p. 268, ed. 2. 
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latter being the United States custom house, located 
upon the esplanade between Front Street and the river. 
and built of the best quality of marble, the product of 
Tennessee quarries. A small park in the centre of the 
city contains a bust of Andrew Jackson. The streets 
are mostly well-paved, and are supplied with water 
from the Wolf river by the Holly system. The bayou 
Gayoso, with several branches, intersects the city, and 
prior to 1880 received most of its drainage, Since that . 
date over 40 miles of sewers and more than that length 
of subsojl drain-tiles have been constructed on the 
Waring system, providing the city with a superior 
system of drainage. 

Memphis is the largest city of the State, and the most 
important commercial city on the Mississippi between 
St. Louis and New Orleans, The largest sea-going 
vessels ascend the river to this point, and navigation is 
open at all seasons of the year. The city also possesses 
ofa na facilities for transportation by railway in 
every direction. Memphis ranks as the largest interior 
cotton-market in the United States. The receipts for 
the season ending September 1, 1881, were 470,267 
bales, with a value of $23,090,109. The aggregate re- 
ceipts from the mercantile and manufacturing interests 
for the year ending September 1, 1882, amounted to 
about $60,000,000, of which the trade in groceries and 
western products contributed nearly $40,000,000; dry 
goods, clothing, boots and shoes, and general merchan- 
dise $15,000,000; and various home manufactures 
about $5,000,000. There are oil-mills and refineries, 
whose annual product of about 30,000 barrels of cotton- 
seed oil, ioraler with oil-cake and re-ginned cotton, 
amounts to over $1,000,000. There are also numerous 
foundries, machine-shops, flouring-mills, and manufac- 
tories of carriages, furniture, and tobacco. 

The city contains, besides the usual religious, educa- 
tional, and commercial institutions, a public library of 
9000 volumes, three daily and ten weekly newspapers, 
a chamber of commerce, and a cotton exchange. 

Memphis was laid out as a village in 1820, and incor- 
porated as a city in 1831. Its population at each cen- 
sus since has been as follows :—8360 in 1840, 8841 in 
1850, 22,623 in 1860, 40,226 in 1870, and 383,592 in 
1880. According to a census taken on October 1, 1882, 
the population within the city limits was 47,976 (29,130 
white and 18,846 colored). . 


During the civil war Memphis was early occupied by 
the Union forces (June 6, 1862) after a naval engagement 
in which Commodore Davis with a fleet of nine gunboats 
and rams defeated a similar Confederate fleet of eight 
vessels, and captured or destroyed all of them but one, 
The city was held by Federal troops to the close of the 
war, with the exception of a brief occupation, in August, 
1864, by General Forrest, who captured several hundred 
prisoners, but immediately withdrew. The decrease of 
population between 1870 and 1880 was due to the ravages 
of yellow fever in 1873, 1878, and 1879. The epidemic of 
1873 resulted in over two thousand deaths, In 1878, accord- 
ing to the report of the Howard Relief Association, the 
number of those attacked with the fever was 15,000, 
and the number of deaths reached the total of 5150, of 
whom 4250 were whites and 900 colored. At the return 
of the fever in 1879 better care and strict quarantine ar- 
rangements prevailed, but there were 1595 cases, with 497 
deaths. During the epidemics of 1878 and 1879 fully two- 
thirds of the population fled from the city, many of whom 
died of the fever at other places, and a still larger number 
did not return, For three months during each year busi- 
ness was wholly suspended, and all ingress 6r egress except 
for the most necessary purposes was forbidden, The pros- 
tration of the business of the place left the city almost 
hopelessly bankrupt, and as # means of relief the legisla- 
ture of the State in January, 1879, repealed the city’s char- 
ter, and, assuming exclusive control of its taxation and 
finances, constituted it simply a “taxing district,” placing 
its government in the hands of a “legislative council.’’ 
This anomalous proceeding has been declared constitu- 
tional by the supreme court of Tennessee. Under it Mem- 
phis is at least regaining its prosperity, and by thoroughly 
cleansing, repaving, and sewering its streets, and super- 
vising the construction of buildings, is likely to become 
one of the healthiest cities on the Mississippi river. 
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POSTSCRIPT TO THE ARTICLE ON LUTHER. 


In the interests of historical accuracy the American 
ublisher appends to Professor Lindsay’s article the 

following annotations. They have been furnished by 
Rey. R. H. Thompson, Professor of History and Eng- 
lish Literature in the University of Pennsylvania. 

1, The mother of the reformer was Margaret Linde- 
mann, not ‘‘ Lindeburn.”’ 

2. By the ‘‘high school of Erfurt’’ where Luther 
studied, is meant ‘‘ the university of Erfurt.’’ The two 
terms are equivalent in German but not in English. 

3. “The town’s pastor, Weisemann,’”’ who is said to 
have influenced Luther during his years of study at 
Erfurt, was ‘‘the cathedral preacher, Dr. Sebastian 

einmann.”’ 

4. “The humanist Trutwetter ” should be ‘‘ Trutt- 
vetter.”’ That he taught anything but the scholastic 
philosophy and theology is not told in the sources. 

5. Luther’s visit to Rome in 1511 was nota pil- 
grimage ‘‘in fulfilment of an old vow,’’ but was made 
in the interests of his order. Staupitz from 1503 till 
1518 stood at the head of the German Congregation 
of Augustinian Hermits of the Strict Observance. 
The Congregation was organized to restore the austerity 
of the Augustinian Rule in the German monasteries, 
and those convents which gave their adherence to it 
were exempted from obedience to the provincial chap- 
ters. Some measures Staupitz had found necessary 
excited the opposition of the municipal council of 
Niirnberg, and had led to an appeal (April 2, 1511) to 
the General of the Order. To meet this, Martin 
Luther and another went to Rome to state the reasons 
on which Staupitz had acted. See pp. 240-1 of Kolde’s 
Die Deutsche Augustiner-Congregation und Johann 
Staupitz, 1879. 

6. That Luther “‘ came back a Protestant’ from Rome 
in 1511, is contradicted by his explicit statements as to 
his mental attitude at the outbreak of the controversy 
about indulgences. The account of his brooding over 
the text ‘‘The just shall live by faith,” is told by him- 
self in the preface to his Latin works, without any 
specification as to time and place. A later historian 
interwove this with the story of the Roman journey, 
and added, on scant authority, the famous story of his 
climbing the Scala Santa. 

7. Staupitz did not and could not make Luther 
“* district vicar’’ of the Congregation for Meissen and 


Thuringia. Luther was chosen ‘district vicar’’ by 
the triennial chapter in 1515. See Kolde, ubi supra, 
pp. 263-4. 


8. On page 73 it is said that in 1517 ‘‘ Pope Leo X. 
sent agents through Germany to sell indulgences, and 
had chosen John Tetzel, a Dominican monk, for 
Saxony.’ On page 77 it is said that in 1522 ‘‘the 
cardinal archbishop of Mainz, unable to pay the 26,000 
ducats due to Rome for his pallium, had resolved to 
raise the money by indulgences.’’ In fact the arch- 


bishop of Mainz in 1516 undertook the business on 
behalf’ of pore Leo and to pay for his pallium ; it was 
he who sent Tetzel into Saxony. The transactions of 


1522 were merely a revival of the traffic of 1517, when 
me oo raised by Luther was supposed to have sub- 
sided. 

9, The expressions that ‘‘ Luther knew that God’s 
forgiveness could not be purchased for money,” and 
ie “e reality of the blasphemy in the indulgences,”’ are 
misleading as regards the doctrine and practice of the 
Roman Catholic Church. See the article [InpuL- 
GENCES. 

10. Pilgrims did not ‘‘come to Wittenberg to buy 
indulgences”’ of Tetzel, as the Elector had forbidden 
this traffic within his dominions, not regarding the 
* occasion as justifying it. 

11. The second edition of Luther’s New Testament 
appeared in December not October, 1522, not one but 


three months after the first. 
12, Adrian VI. is described (p. 78) as ‘‘ an orthodox 


Dominican monk.’’ He certainly was in hearty sym- 

athy with the Dominican orthodoxy of Spain and the 
Spanish Netherlands, but he did not belong to that or 
any order. 

13. The title of Luther’s book against the insurrec- 
tionary peasants (p. 80) is Against the Murderous, Vhiev- 
ish Troops (not Fats| of Peasants. 

14. On p. 83 it is said that Occam taught that 
“ Christ’s body is ubiquitous ”’ and that ‘‘ Luther took 
over this doctrine from Occam without alteration.”’ 
Also ‘‘Consubstantiation’’ is presented as the Lu- 
theran view of the sacrament. All of this is denied 
by Lutheran theologians of the best authority. See 
Dr. C. P. Krauth’s Conservative Reformation, pp. 
130-1. 

15. It is said (p. 83) that Melanchthon even before 
the meeting of the Diet of Augsburg ‘‘ was preparing 
a confession with a defence, the so-called Apology.” 
Nothing but the Augsburg Confession itself occupied 
his attention at that time. In the letters sent back 
and forward between Augsburg and Coburg, the Con- 
fession is called the ‘‘ Apology,” as often as anything 
else. But the Apology proper was written after the 
Roman Catholic theologians had presented their Re- 
JSutation of the Confession, and was in reply to them. 


16. The editions of Luther’s works which profess to be 
complete are: 

(1.) The Wittenberg edition in seven Latin and twelve 
German folios, 1539-58. Luther wrote the preface to the 
first volume in Latin. Melanchthon edited the rest, and 
inserted his Vita Lutheri in the second Latin volume. The 
more extreme Lutherans charged Melanchthon and his 
school at Wittenberg with modifying the text by omis- 
sions to cover their own approximations to the Calvinistic 
view of the sacrament. 

(2.) The Jena edition in eight German and four Latin 
folios, 1555-58, published by Flacius and other Lutherans 
of the strictest school. Both these were supplemented by 
John Aurifaber, who published two folios of omitted tracts 
at Eisleben (1564-5) and prepared a third. 

(3 and 4.) The Altenburg edition in ten folios, 1661-4, 
(supplemented by a folio published in Halle, 1702), and the 
Leipzie edition in twenty-three folios, 1729-40, contain 
pretty complete collections of the German works, with 
translations of most of the Latin works. 

(5.) The Halle edition edited by J. G. Walch in twenty- 
four quartos, 1740-53. It was the first really complete edi- 
tion, included the Tischreden, and inserted many valuable 
documents, but it gave the Latin works in German ver- 
sions. It is republishing in St. Louis. 

(6.) The Erlangen edition in sixty-eight German octavos, 
(1826-49) and in thirty-eight Latin octayos (1829-83), of 
which the last eight are about to appear. The original 
texts are reproduced with great faithfulness. A part of this 
edition has been reprinted at Frankfort. 

(7). The Berlin edition was begun this year (1883) by 
Pastor J. K. F. Knaake under the patronage of the Imperial 
Government. It will be in about fifty volumes of royal 
octavo size. 

The collection of Luther’s letters by De Wette in five 
octavo volumes (1825-28) was supplemented by Seidemann 
with a sixth volume in 1856, and with a volume of Luther- 
briefe in 1859, and by Burckhardt with his Luther’s Brief- 
wechsel in 1866, and by letters in the last volumes of the 
Erlangen edition. 

Luther’s Table- Talk ( Tischreden) appeared in both German 
and Latin in the sixteenth century. The former has been 
edited best by Férstemann and Bindseil in four volumes 
(1844-48); the latter by Bindseil (Colloquia, etc.) in three 
volumes, 1866. Great light has been thrown on its forma- 
tion by the publication of Anton Lauterbach’s Tagebuch, 
(1872). Captain Henry Bell published an imperfect Eng- 
lish translation in folio in 1646 (reprinted in two volumes, 
1840); and of this William Hazlitt made a selection in 
1848. 

Of the lives of Luther, one of the four originals is by his 
physician, Ratzeberger; it was edited by Neudecker in 
1850. That by Dr. Johann Mathesius was edited by Achim 
von Arnim in 1817, and again in 1841 by Rust, with a pre- 
face by Neander. Of later German biographies the best 
before Koestlin’s appeared was that by Moritz Meurer (3d 
edition, two volumes, 1870). A biography by Kolde based 
on original investigations is promised; and a posthumous 
biography by Gustav Plitt of Erlangen is publishing. Of 
English biographies the best thus far is by Dr. Barnas Sears. 
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